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A therapeutic 
to lower DIOOC 










without — 
compromising existing 
cardiac output 


When used in effective doses, ALDOMET 
(Methyldopa, MSD) usually has not reduced 
glomerular filtration rate, renal blood flow, 

or filtration fraction. Cardiac output is usually 
maintained. In addition, ALDOMET usually 
does not cause symptomatic postural or 
exercise hypotension. 


The antihypertensive effect of ALDOMET is 
thought to result primarily from a reduction in 
total peripheral resistance, although the exact 
mechanism for this effect is not fully understood. 


Contraindications include active hepatic 
disease and known sensitivity to the drug 
=. » Use with caution in patients with a history o: 


5 1 liver disease or dysfunction. Not recom 
á © = mended in pheochromocytoma or pregnancy 
NO It is important to recognize that a positiv 

B. Coombs test, hemolytic anemia, and live: 


disorders may occur with methyldopa therapy 

The rare occurrences of hemolytic anemiz 

or liver disorders could lead to potential! 

fatal complications unless properly recognizec 
and managed. For more details see the brie 
summary of prescribing informatioi 
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in sustained moderate hypertension 


TABLETS, 250 mg 


ALDOMET 4 


METHYLDOPA|MSD) ° 


helps lower blood pressure 
affectively...usually without 
directly affecting cardiac 
or renal functions 
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a brief summary of prescribing information, Im 
ieee e see following page. OHM 
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in most cases of sustained 
moderate hypertension 


" ALDOMET 
(METHYLDOPA|MSD) 


|. smoothly lowers blood pressure 


. Contraindications: Active hepatic disease, such as 
| acute hepatitis and active cirrhosis. Known sensi- 
tivity. Not recommended in pheochromocytoma. 
| Unsuitable in mild or labile hypertension respon- 
Sive to mild sedation or thiazide therapy. Use cau- 
| tiously in patients with history of previous liver 


| disease or dysfunction. 


- Warnings: It is important to recognize that a posi- 

. tive Coombs test, hemolytic anemia, and liver dis- 

| orders may occur with methyldopa therapy. The 
€ Bn eas of hemolytic anemia or liver dis- 
ers 
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| ae ; could lead to potentially fatal complications 
. unless properly recognized and managed. Read this 
- section carefully to understand these reactions. 
-. With prolonged methyldopa therapy, 10% to 20% 
| of patients develop a positive direct Coombs test, 
S SUNY between six and twelve months of therapy. 
~ Lowest incidence is at daily dosage of 1 g or less. 
| This on rare occasions may be associated with 
hemolytic anemia, which could lead to potentially 
- fatal complications. One cannot predict which 
.. patients with a positive direct Coombs test may de- 
' velop hemolytic anemia. Prior existence or devel- 
poet of a positive direct Coombs test is not in 
- itself a contraindication to use of methyldopa. If a 
| positive Combs test develops during methyldopa 
. therapy, determine whether hemolytic anemia ex- 
- ists and whether the positive Coombs test may be 
. a problem. For example, in addition to a positive 
- direct Coombs test there is less often a positive 
- indirect Coombs test which may interfere with 
. Cross matching of blood. 
= At the start of methyldopa therapy, it is desirable 
= to do a blood count (hematocrit, hemoglobin, or 
- red cell count) for a baseline or to establish 
— whether there is anemia. Periodic blood counts 
- should be done during therapy to detect hemolytic 
anemia. |t may be useful to do a direct Coombs 
| test before therapy and at six and twelve months 
after the start of therapy. If Coombs-positive hemo- 
__ lytic anemia occurs, the cause may be Ici nm 
and the drug should be discontinued. Usually the 
. anemia remits promptly. If not, corticosteroids 
- may be given and other causes of anemia should 
- be considered. If the hemolytic anemia is related 
_ to methyldopa, the drug should not be reinstituted. 
- When methyldopa causes Coombs positivity alone 
or with hemolytic anemia, the red cell is usually 
- coated with gamma globulin of the IgG (gamma G) 
Class only. The positive Coombs test may not re- 
. vert to normal until weeks to months after meth- 
- yldopa is stopped. 
_ Should the need for transfusion arise in a patient 
. receiving methyldopa, both a direct and an indirect 
Coombs test should be performed on his blood. In 
. the absence of hemolytic anemia, usually only the 
_ direct Coombs test will be positive. A positive di- 
- rect Coombs test alone will not interfere with 
_ typing or cross matching. If the indirect Coombs 
- test is also positive, problems may arise in the 


t 


- major cross match and the assistance of a hema- 
-. tologist or transfusion expert will be needed. 


- Fever has occurred within first three weeks of 
. therapy, sometimes with eosinophilia or abnor- 
malities in liver function tests, such as serum al- 
-kaline "eth agi serum transaminases (SGOT, 
SGPT), bilirubin, cephalin cholesterol flocculation, 
rothrombin time, and bromsulphalein retention. 

» Jaundice, with or without fever, may occur, with 
onset usually in the first two to three months of 
.therapy. In some patients the findings are con- 
sistent with those of cholestasis. Rarely fatal 
hepatic necrosis has been reported. These hepatic 
changes may represent hypersensitivity reactions; 

. periodic determination of hepatic function should 
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be done particularly during the first six to twelve | 


weeks of therapy or whenever an unexplained fever 
occurs. If fever, abnormalities in liver function 
tests, or jaundice appear, stop therapy with methyl- 
dopa. If caused by methyldopa, the temperature 
and abnormalities in liver function characteris- 
tically have reverted to normal when the drug was 
discontinued. Methyldopa should not be reinstituted 
in such patients. 


Rarely, reversible reduction in leukocyte count 
with primary effect on granulocytes has been seen. 
Reversible thrombocytopenia has occurred rarely. 
When used with other antihypertensive drugs, po- 
tentiation of antihypertensive effect may occur. 
Use in Pregnancy and Childbearing Age—Not rec- 
ommended in pregnancy. In women of childbearing 
age, weigh potential benefits against possible 
fetal hazards. 


Precautions: Methyldopa may interfere with mea- 
surement of: uric acid by the phosphotungstate 
method, creatinine by the alkaline picrate methoc, 
and SGOT by colorimetric methods. Since methyl- 
dopa causes fluorescence in urine samples at the 
same wavelengths as catecholamines, spuriously 
high levels of urinary catecholamines may be re- 
ported. This will interfere with the diagnosis of 
pheochromocytoma. Stop drug if involuntary cho- 
reoathetotic movements occur in patients with 
severe bilateral cerebrovascular disease. Patients 
may require reduced doses of anesthetics; hypo- 
tension occurring during anesthesia usually can be 
controlled with vasopressors. Hypertension has oc- 
curred after dialysis in patients on methyldopa 
because the drug is removed by this procedure. 


Adverse Reactions: Sedation, usually transient, may 
be seen during initial therapy or when dosage is 
increased, Headache, asthenia, or weakness may 
be noted as early, transient symptoms. Symptoms 
associated with effective lowering of blood pres- 
sure are occasionally seen and include dizziness, 
lightheadedness, and symptoms of cerebrovascular 
insufficiency. Angina pectoris may be aggravated. 
Symptoms of orthostatic hypotension may occur; 
if symptoms occur, reduction of dosage is sug- 
gested. Bradycardia, nasal stuffiness, mild dryness 
of mouth, and gastrointestinal symptoms including 
distention, constipation, flatus, and diarrhea occur 
occasionally; these generally can be relieved by 
reducing dosage. Nausea and vomiting have been 
reported in only a few patients. Sore tongue or 
“black tongue,” pancreatitis, and inflammation of 
salivary glands may occur. 


Weight gain and edema occur infrequently and are 
relieved by administering a thiazide diuretic; if 
edema progresses or signs of pulmonary conges- 
tion appear, discontinue drug. A rise in BUN has 
been observed. Other rare reactions include breast 
enlargement, tactation, impotence, decreased 
libido, skin rash, mild arthralgia, myalgia, pares- 
thesias, Bell’s palsy, parkinsonism, psychic dis- 
turbances including nightmares, reversible mild 
psychoses or depression. Urine exposed to air 
after voiding may darken because of breakdown of 
methyldopa or its metabolites. 


Note: Dosage should be limited initially to 500 mg 
daily when following previous antihypertensive 
agents other than thiazides. Maximal recommended 
daily dose is 3.0 g. Patients with impaired renal 
function may respond to smaller doses than pa- 
tients with normal kidney function. Syncope in 
older patients has been related to increased sensi- 
tivity in those with advanced arteriosclerotic vas- 
cular disease; this may be avoided by lower doses. 
Tolerance occasionally seen either early or late, 
but more likely between second and third month 
after initiation of therapy; increased dosage or 
combined therapy with a thiazide frequently re- 
stores effective control. 


How Supplied: Tablets, containing 250 mg methyl- 
dopa each, in single-unit packages of 100 and bot- 
tles of 100 and 1000; Tablets, containing 500 mg 
methyldopa each, in single-unit packages of 100 
and bottles of 100. 


For more detailed information, consult your MSD 
representative or see full prescribing information. 
Merck Sharp & Dohme, Division of Merck & Co., INC., 
West Point, Pa. 19486 
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e often more practical to prescribe 
e easier for patients to remember 
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to further 
simplify therapy 
for many patients 










now available 


ALDOMET 500mg 


(METHYLDOPA’ MSD) 








Now offered in addition to the standard 
250-mg tablet, the new ALDOMET 500 mg 
tablet is a patient convenience. An especially 
important one, since in hypertension con- 
venience of the dosage schedule is one factor 
that can make the difference in compliance 
of the patient. The minimum daily dose of 
ALDOMET is 250 mg b.i.d. The usual starting. 
dose is 250 mg t.i.d. Dosage is adjusted as 
necessary by adding or deleting 250 mg or 
500 mg at intervals of not less than two 

days. The maximum dose is 3.0 g per day. 


Examples of b.i.d. or t.i.d. dosage convenience 
provided by ALDOMET 500 mg within the 
usual daily dosage range of 500 mg to 2.0 g: 




















R ALDOMET 500 mg 
(Methyldopa /MSD) 
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sig: one tablet bid. 








B ALDOMET 500 mo 
(Methyldopa /MSD) 


P 


5/2: One tablet tid 















R 4t DOMET 500 mo 
(Methyldopa /MSD) 
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S/g : two tablets bid 
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NOTE: Tablets shown are not actual size. 





. Sentry 75 pacemaker: 
GE HgO/Zn batteries, 

| hermetically sealed 

GE hybrid microcircuitr y... 
and documented 
performance. 


um A ~—_— The performance of the Sentry 75 
4: F PY unipolar and bipolar, ventricular 
| ia EMI inhibited pacemaker has been 
| documented for your evaluation. 
For your copy of the reliability 
report, simply fill out and mail this 
coupon. Or ask your GE 
representative. 
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General Electric Medical Systems, 
Milwaukee, Toronto, Liege, Madrid. 
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Send me - 
the Reliability Report on the Sentry 75 pacemaker. 








for the cu 
Sentry 75 |S" 
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Mail to: General Electric Company 
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Long before 
lacing the 


“ultimate” test 
of stability... 





| INITOStat 








has shown 
proot 





of stability 


There are alot of ways to say “stable” when you're 
dealing with nitroglycerin. Some more meaning- 
ful than others. 

That's why the testing of Nitrostat includes tests 
to simulate, as closely as possible, the actual con- 
ditions of use. 

For example, we test for wickability — a Parke- 
Davis test (the time in seconds required for water 
to wet the tablet completely by capillary action 
under controlled conditions) — to simulate under- 
the-tongue conditions. 

Heat-stable? Yes. Up to 45 C (113F) (consider- 
ably higher than your patients pocket tempera- 
ture). See graph. 

.. Whats more, the crucial question of mainte- 
nance of content uniformity of nitroglycerin is 
answered by Nitrostat as proved by assay. 


Potency? The average assay still shows almost 
100% of label claim more than 30 months after 


manufacture: less chance of your patient taking 
a superpotent or, more important, a subpotent 
tablet. 


0.3 mg (1/200 gr) Lot T-10587. Stored at 45 C (113 F) 


USP LIMITS FOR NITROGLYCERIN 
(+ 20% of Label Claim) 


(Average Assay”) 
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*Fusari SA: Data on file, Parke, Davis & Company. Detroit, Michigan. (Test results were simi 


lar for the 0.4-mg and the 0.6-mg strengths.) 

Disintegration? We test it using the USP testin 
800 ml of water — all tablets usually disintegrate 
within 30 seconds (USP limit — two minutes). 

Dissolution? Using NF Method II, we show 
greater than 90% dissolution in 30 seconds. 

Now, each factor taken by itself may not be de- 
cisive. But taken together, they add up to a good 
reason to specify Nitrostat. 


Nitrostat I 


0.3 mg (1/200 gr) 


(nitroglycerin tablets, USP) per 


...the tested and proved one 


[ ] Patient booklets: 


PHYSICIAN'S NAME 
ADDRESS 


| PD-JA-1459-1-P(4-75) 
. 


CITY, STATE, ZIP 


b o6 s Sat Se ae eae a a ea ee eee 


Please have representative deliver a supply of the 
following. (Check block) 


“What you should know about angina.” 
CJ Patient starter packages of Nitrostat® 


A 


Available in bottles 
of 100 and new 


Convenience Packs 
of 25 





(nitroglycerin tablets, USP) 


PARKE-DAVIS 


Parke, Davis & Company, 
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and this is the nearest defibrillator? 


You're monitoring a patient on the way from Recovery to the CCU, when 
suddenly another patient's life depends on the same instrument. It might 
never happen, but it could. 

The best insurance for cardiac emergencies is a crash cart on every floor... 
manned by trained personnel and equipped with a LIFEPAK® portable 
defibrillator/ cardioscope from PHYSIO-CONTROL®. 

For more information about Physio-Control defibrillators and their various 
applications, write for our 24-page, full-color brochure to: Physio-Control 
Corporation, 11811 Willows Road, Redmond, Wash. 98052. Phone (206) 
883-1181. Cable: Physio-Red. Telex: 32-0166. 


© Physio-Control. First in Defibrillators. 


LIFEPAK and PHYSIO-CONTROL are registered trademarks of the Physio-Control Corporation. 
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Model 660 Features: 


e 2-channel playback of Holter recordings 


2-channel paper writer 


e 120:1 playback ratio (24-hour recording 


scanned in 12 minutes) 


e Trend recording of S-T segment and heart rate 


e Digital display and chart recording of 


ventricular and supraventricular ectopic beats 


Total heart beat counter 
Digital display clock 


Adjustable delay loop for tape deck 
Solid state,*modular design 


Automatic time print-out on ECG write-out 


WI 660 A DRAMATIC LEAP FORWARD 
NAMIC ELECTROGARDIOGRAPHY! 





Now available to every physician... an advanced 
ECG system for post MI follow-up, pacemaker 
evaluation, evaluation of drug administration, and 
detecting the causes of such fleeting symptoms as 
phantom chest pains and dizziness. 


Model 425 Holter Monitor 
Provides a 2-channel, 24-hour ECG recording of 
ambulatory patients. 


Model 660 Electrocardioscanner® 

Performs a 12-minute scan of the 24-hour, 2-chan- 
nel tape recording and provides standard ECG 
documentation of abnormalities and quantification 
of arrhythmia and ischemic data. 


[] Please send me the literature. | would like to know more about Holter monitoring 
and the Avionics Dynamic Electrocardiographic Systems. 


E Name and Title 
Organization 
Address 

City 


AVIONICS BIOMEDICAL DIVISION 





[] Send the literature, and schedule me for a visiting demonstration. | am definitely 
interested in acquiring this kind of equipment. 
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Del Mar Engineering Laboratories, 6901 West Imperial Highway, Los Angeles, Calif. 90045/Phone: (213) 641-7700 
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CLINICAL STUDIES 


Echocardiography in Acute Myocardial Infarction 


BETTY C. CORYA, SUSAN RASMUSSEN, SUZANNE B. KNOEBEL and HARVEY FEIGENBAUM 
with the technical assistance of MARY JO BLACK 


Echocardiograms recorded in 64 patients with acute transmural myocardial infarction during their stay in the 
coronary care unit proved useful in detecting abnormalities of left ventricular wall motion corresponding to the 
electrocardiographic site of infarction and in determining prognosis. By combining the measurement of left ven- 
tricular internal dimension (correlating with heart failure) and mitral valve closure (reflecting left ventricular end- 
diastolic pressure), it was possible to predict hospital mortality from the echocardiograms. 


Echocardiography in Aortic Root Dissection and Dilatation 


RICHARD W. MOOTHART, RICHARD D. SPANGLER and S. GILBERT BLOUNT, Jr. 


Echocardiography had a diagnostic accuracy equal to that of angiography and could be repeated easily and 
safely in six patients with aortic root dissection and in six with aortic root dilatation. Recording of a double echo 
from the anterior or posterior root was diagnostic of aortic : oot dissection. Echocardiography was helpful not 
only in diagnosis but also in patient management and follow-up. 


Echocardiographic Criteria for Aortic Root Dissection 


OWEN R. BROWN, RICHARD L. POPP and FRANK E. KLOSTER 


Previously reported echocardiographic criteria of aortic root dissections—widened posterior or anterior aortic 
wall (or both), parallel motion of the separated margins of the aortic root walls and aortic root dilatation—were 
found not only in one patient with proved aortic root dissection, but also in 5 of 10 patients without clinical indi- 
cation of this condition or aortic valve disease. At least two of these criteria were also recorded in the remain- 
ing five patients. The echocardiographic diagnosis of aortic root dissection is most reliable in the presence of 
positive clinical indications of this condition. 


Echocardiographic Differentiation of Infundibular from Valvular Pulmonary Stenosis 


ARTHUR E. WEYMAN, JAMES C. DILLON, HARVEY FEIGENBAUM and SONIA CHANG 


Echocardiograms in three patients with infundibular pulmonary stenosis showed marked chaotic systolic flutter- 
ing of the pulmonary valve leaflet which lies in the turbulent stream of blood distal to the obstruction. This flut- 
tering, absent in 24 normal subjects and in 16 patients with valvular pulmonary stenosis, appears unique and 
useful in separating infundibular from valvular pulmonary stenosis. Another observation was normal or absent 
presystolic opening motion of the pulmonary valve leaflet in infundibular stenosis contrasted to the increased 
posterior or opening motion in valvular stenosis. | 

Continued on page A 13 
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Radiographic Appearance of the Thorax in Systolic Click-Late Systolic Murmur Syndrome 


CARL P. BON TEMPO, JAMES A. RONAN, Jr., ANTONIO C. de LEON, Jr. 
and HOMER L. TWIGG 


A striking number of thoracic skeletal abnormalities observed in 39 of 64 patients with an isolated systolic click 
or a systolic click with a late systolic murmur suggest that these abnormalities should be considered diagnostic 
features of this syndrome. Scoliosis occurred in 39 percent, a "straight back” in 23 percent and pectus excav- 
atum in 11 percent. 


Thoracic Skeletal Abnormalities in Idiopathic Mitral Valve Prolapse 


JOSEPH SALOMON, PRAVIN M. SHAH and ROBERT A. HEINLE 


Thoracic skeletal abnormalities in 24 patients with proved prolapse of the mitral valve include pectus excav- 
atum (62 percent), straight back” (17 percent) and severe scoliosis (8 percent). Patients with such skeletal 
abnormalities should be checked carefully for mitral valve prolapse. The combination of mitral valve prolapse 
and these skeletal deformities may represent a forme fruste of Marfan's syndrome. 


EXPERIMENTAL STUDIES 


Termination of Ventricular Fibrillation in Dogs by Depolarizing a Critical Amount of Myocardium 


DOUGLAS P. ZIPES, JOHN FISCHER, ROBERT M. KING, ANN deB. NICOLL 
and WALTER W. JOLLY 


These experiments in dogs support the concept that a critical myocardial mass is required to maintain ventricu- 
lar fibrillation initiated by rapid ventricular pacing. Successful defibrillation resulted when a critical amount of 
myocardium was depolarized by either potassium chloride or electrical discharge. Not every cell in both ventri- 
cles must be depolarized to terminate ventricular fibrillation in the entire heart. 


Influence of Sympathetic Tone on Ventricular Fibrillation Threshold During Experimental Coronary 
Occlusion 


BERNARD R. KLIKS, MARY JO BURGESS and J. A. ABILDSKOV 


The ventricular fibrillation threshold in 14 open chest dogs with controlled heart rate decreased 35 percent dur- 
ing coronary occlusion, 42 percent during stellate stimulation and 63 percent during combined coronary occlu- 
sion and stellate stimulation. Stellectomy in seven animals increased the threshold 31 percent. After stellec- 
tomy, coronary occlusion decreased the ventricular fibrillation threshold by only 11 percent. These findings may 
have therapeutic implications for treatment of ventricular arrhythmias caused by myocardial*infarction or cen- 
tral nervous system disease. 


Effect of Manganese Chloride and Verapamil on Automaticity of Digitalized Purkinje Fibers 


WARREN W. TSE and JAOK HAN 


Manganese chloride and verapamil suppressed the ouabain-induced increase in automaticity of isolated sponta- 
neously beating Purkinje preparations. This suggests that an inward calcium ion current may be involved in the 
development of digitalis-induced increase in the slope of phase 4 depolarization in Purkinje fibers. 

Continued on page A15 
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Ms BETTER EQUIPMENT — R De PR 
ntroducing the new Avionics Model X T jeje] e 
)600 ExerStress™ Console... P 


1. Automatic Blood Pressure Monitor 
_ 2. Four-Channel Memory Scope 

3. Standard 12-lead Capability | 

4. Accurate Heart Rate Meter | 
..5. ST-Segment Computer With PVC Indicator 

6. Automatic Timer For Activating ECG 

Write-out — 

7. Three-Channel ECG Writer 

8. Digital Display of Treadmill Speed 
-9. Digital Display of Treadmill Grade 
10. Digital Elapsed Time Clock 
11. Digital Display of Stage of Test 


12. Automatic Programmer For 
Controlling Treadmill 


13. DC Defibrillator 
14. Work Area 


15. XY Charter of ST-Segment, Heart 
Rate, and Time 


16. Storage Areas 


17. Treadmills: Finest Quality 
.. Available 





a BETTER SERVICE — full service and maintenance contracts available... 


'ompare the quality and performance of our system Ask any competitor to bring and demonstrate his 

fith all others. We'll bring the entire system, including complete system to you, including treadmill exercising. 

7e treadmill, to your hospital, clinic, or office and.con- If he refuses, that should tell you something! If you 

uct an actual stress test under your control. You can want the best, we've got it and we're ready to bring it Ò 
rove the superior performance and diagnostic quality to you. | 
f our system to your own satisfaction. For action, just use the coupon below. 





\VIONICS SALES & SERVICE CENTERS 


t Stamford = Miami m Montreal m St. Louis m San Francisco 
1 Baltimore m Cincinnati m Chicago m Dallas m Seattle 
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C Please send me your Exercise Stress Test Heart Monitoring brochure. | would like to 
know more about this new system. 


O Send the literature, and schedule me for a visiting demonstration. 
Name and Title 

bo S CX Su E Sere d edat TE dde E B a E e RS É 
Address 

DIU UAE TT E EE ANTEO i Ua ig AA D. e aui. E MIR 
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METHODS 


56 Use of a Balloon-Tipped Flotation Electrode Catheter for Cardiac Monitoring 


KANU CHATTERJEE, H. J. C. SWAN, WILLIAM GANZ, RICHARD GRAY, HANNAN LOEBEL, 
JAMES S. FORRESTER and DAVID CHONETTE 


This special balloon-tipped flotation catheter with two pairs of electrodes permits simultaneous monitoring of 
cardiac rhythms and hemodynamics at the bedside and, when indicated, atrial, ventricular or atrioventricular 
sequential pacing. Major problems associated with its use are the need for several catheters with differences in 
distance between the electrodes and the catheter tip and ^etween electrodes to accommodate heart cham- 
bers and great vessels of various sizes. Important benefits for diagnosis and management can be achieved in 
patients with hemodynamic difficulties and arrhythmias. 





62 Retrograde Catheterization of the Left Atrium in Idiopathic Hypertrophic Subaortic Stenosis | 
BERT WONG, RENE A. LANGOU, LAWRENCE S. COHEN and STEVEN WOLFSON 4 


Retrograde catheterization of the left atrium utilizing the Shirey technique, easily and successfully performed in SA 
four patients with idiopathic hypertrophic subaortic stenosis, is recommended as an alternative to the transsep- | 
tal approach to the left atrium in this condition. By traversing the inflow tract of the left ventricle during pullback 
from the left atrium to the aorta, differentiation of true subaortic stenosis from cavity obliteration is facilitated. 
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67 Right Ventricular Volume in Congenital Heart Disease 
ELIZABETH A. FISHER, IRA W. DuBROW and ALOIS R. HASTREITER 


This investigation indicates that a simple geometric model, a prism with a triangular base, is comparable in ac- 
curacy with Simpson’s rule both in cast studies and in in vivo calculations of right ventricular volume. The nor- 
mal right ventricle in children is slightly larger than the left and has a lower ejection fraction. In children the right 
ventricle can adapt to chronic increase in afterload and preload and is not necessarily overloaded by a ventric- 
ular septal defect or tetralogy of Fallot. It is relatively unaffected by severe myocardial disease. 


REVIEWS © 


76 Advances in Clinical Vectorcardiography 
ALBERTO BENCHIMOL and KENNETH B. DESSER 


Experience in more than 5,000 patients subjected to complete right and left heart catheterization and selective 
coronary cineangiography demonstrates the clinical superiority of the vectorcardiogram over the electrocardio- 
gram in the recognition of atrial and ventricular hypertrophy, identification of myocardial infarction and the diag- 
nosis of multiple infarctions in the presence of fascicular and bundle branch blocks. It is suggested that the 
Frank lead system be used in all clinical vectorcardiographic laboratories and become part of the noninvasive 
evaluation of patients with cardiac disease. 

Continued on page A17 
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With rising overhead costs, mul- 
tiple-use equipment is of critical 
importance. Burdick offers inter- 
departmental versatility to ex- 
tend your coronary care skills in 
a variety of critical areas—with 
a minimum investment in instru- 
mentation! 
Burdick monitors 
move from area to 
area — ICU, CCU, anc 
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Multi-Department Monitors 


ery and Operating rooms, and 
for ECG and ExECG procedures. 
Check the applications of Bur- 
dick's interchangeable pream- 
plifiers and integral heart rate 
meter for even greater versatility. 
Call your Burdick dealer for a 

demonstration, or write 
The Burdick Corporation, 
Milton, Wisconsin 53563. 
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88 Pseudomalfunction of a Beall Mitral Valve Prosthesis in the Presence of Paravalvular Aortic 
Regurgitation 


MILTON J. SANDS, THOMAS H. KREULEN, MICHAEL T. McDONOUGH, MONEIM A. FADALI 
and JAMES F. SPANN 


A significant increase in the amount of paravalvular aortic regurgitation in a 32 year old man with aortic and mi- 
tral valve prostheses prematurely closed the mitral valve in mid-diastole. Oversewing of the aortic and mitral 
paravalvular leaks normalized mitral prosthetic function. 


91 Limitations of the Surface Electrocardiogram in Diagnosis of Atrial Arrhythmias. Further Observations 
on Dissimilar Atrial Rhythms 


& DELON WU, PABLO DENES, FERNANDO AMAT y LEON, RAMESH C. CHHABLANI 
and KENNETH M. ROSEN 


Electrophysiologic studies in two patients with atrial dysrhythmias demonstrate that under unusual circumstanc- 
es the surface electrocardiogram may not accurately portray atrial activation in the presence of advanced atri- 
: al disease. Multiple intracavitary electrograms may be necessary for accurate diagnosis. 


CASE REPORTS 


j 98 “Paradoxical” Prolongation of Sinus Nodal Recovery Time After Atropine in the Sick Sinus Syndrome 
JAMES A. REIFFEL, J. THOMAS BIGGER and ELSA-GRACE V. GIARDINA 


After the administration of atropine in a 55 year old woman with sick sinus syndrome, the sinus recovery time 
became markedly prolonged and atrial quiescence persisted more than 10 seconds, presumably because of al- 
terations in sinus nodal automaticity, sinoatrial conduction time or intra-sinoatrial nodal conduction. These re- 
sults suggest that an increase in post-tachycardia bradycardia produced by atropine could aggravate symptoms 
in such patients. 


105 Demand Pacemaker Arrhythmias Caused by Intermittent Incomplete Electrode Fracture. Diagnosis 
with Testing Magnet 


PHILIPPE COUMEL, JACQUES MUGICA and S. SERGE BAROLD 


Abrupt changes in resistance within a pacing system cause corresponding voltage changes hgtween the anode 
and cathode and may generate false signals that can be sensed by a demand pulse generator. Such false sig- 
nals should be suspected whenever demand pacing produces a chaotic pattern. This report shows how a test- 
ing magnet was used to diagnose intermittent partial electrode fracture in two patients with an implanted de- 
mand pacemaker. 


EDITORIALS 


110  Etiology of the Mitral Valve Prolapse-Click Syndrome 


ROBERT M. JERESATY 
Continued on page A19 





* Nitrates are the first line of defense 


against angina pectoris 


* The therapeutic goal of oral nitrate therapy 


is an angina-free patient 


Fewer tablets for patients on 80 mg. or more per day (up to a 
maximum of 120 mg./day) 

* To provide prophylaxis against anginal attacks often caused 
by unavoidable everyday stress. 

* To reduce the frequency and severity of angina pectoris 
attacks. (Not intended to abort the acute episode.) 





* Indications: Based on a review of this drug by the National Academy 
of Sciences—National Research Council and/or other information, FDA 
has classified the indication as follows: 

"Possibly" effective: When taken by the oral route, Isordil is indicated 
for the relief of angina pectoris (pain of coronary artery disease). It is 
not intended to abort the acute anginal episode, but is widely regarded 
as useful in the prophylactic treatment of angina pectoris. 

Final classification of the less-than-effective indications requires further 
investigation. 


Contraindication: Idiosyncrasy to this drug. 

Warnings: Data supporting the use of nitrites during the early days of the 
acute phase of myocardial infarction (the period during which clinical and 
laboratory findings are unstable) are insufficient to establish safety. 












Precautions: Tolerance to this drug and cross-tolerance to other nitrites 
and nitrates may occur. 

Adverse Reactions: Cutaneous vasodilation with flushing. Headache is 
common and may be severe and persistent. Transient episodes of dizziness 
and weakness as well as other signs of cerebral ischemia associated with 
postural hypotension may occasionally develop. This drug can act as a 
physiological antagonist to norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual exhibits marked sensitivity to 
the hypotensive effects of nitrite, and severe responses (nausea, vomiting, 
weakness, restlessness, pallor, perspiration and collapse) can occur even 
with the usual therapeutic dose. Alcohol may enhance this effect. Drug 
rash and/or exfoliative dermatitis may occasionally occur. 


Consult direction circular before prescribing. 
May we send you reprints, detailed information and/ or professional samples? 
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CMS. It gives moré 


CMS — Clinical Monitoring Systems 
— is anadvanced, computerized 
monitoring system developed by B-D 
Electrodyne, a medical instrumenta- _ 
tion division of Becton, Dickinson and 
Company. 

It provides more meaningful infor- 
mation more quickly, and in a more 
easily assimilated form, than conven- 
tional or even other computerized 
systems. 

For example: 

Status. Composite, moment-to- 
moment status displays of each patient 


for each variable. Easily visible, even at 
a distance. 

Rhythm history. 8 or 24 hour history 
of each patient. Large-screen graphic 
display. 

Trend graphs of any monitored 
variable. 

Alarm limits individually selected 
for each variable, for each patient. 

Alphanumeric-labeled ECG strips. 
Each automatically labeled with time, 
date, bed number, patient name, 
status, beat classification. 

Hard copies of any display at any 
time. | 

Medication report. Type, amount, 
time. 


ELECTRODYNE 


Division of Becton, Dickinson and Company 


Display — solid-trace, 
non-fade — with cascade, 


Writer also labels 
strips with 
alphanumeric data .. 
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In addition, CMS can be added to ~ 
any existing solid-trace B-D Electro- Ld 
dyne system, and may be purchased or 
leased. 

Obviously, there is much more to 
CMS than can be described in this 
space. To get details, send for CMS 
Booklet and abstract of an independ- 
ent clinical evaluation. B-D Electro- 
dyne, Division of Becton, Dickinson 
and Company, Sharon, MA 02067. 
617-828-9080. 


Status/trend display shows 
status summaries 

for all patients, 

detailed summary for 

any patient, 

trend graph 

for any variable 
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Heart rate display fills scope face 


Clearly visible status summary on central station display 
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Large, easily readable displays for any variable 


being monitored. Can also be printed for 
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Hard-copy printout of displayed VPB trend graph 
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patient information. Automatically initiated at alarm 


ECG or blood pressure waveform and alphanumeric 
condition. Can also be manually controlled. 


Automatically labeled stripchart 
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Life lines. 


Kodak Linagraph 2201 
paper. Gives you data 
directly from the recorder 
—within seconds. Makes 
clean, legible traces and 
takes pen or pencil 
notations. 

Kodak Linagraph 
1930 paper. A machine- 
processable paper which 
gives you permanent 
e 
ence. Stays flat, won 


~~ i> 


wrinkle. ES 


For details on these 
and other products for 
medical recording, write 
Eastman Kodak Company, 
Dept. 412L (260-B), 
Rochester, N. Y. 14650. 
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. Stat regimen for rapid 1 
- reduction of blood pressure 
in malignant hypertension 


“The injection of the [diazoxide] bolus 
in 10to 15 seconds results in a prompt 
blood pressure fall in a high 
percentage of cases. A maximal blood 
pressure response usually occurs 
within 5 to 10 minutes.” 








direct-action 





O Rapid reduction to normotensive levels O Uncomplicated procedure 

Induces rapid reduction of blood pressure generally Simple |.V. “push” in a peripheral vein in 30 seconds or 
within 5 minutes... often in 1 or 2 minutes to the lowest less. Close monitoring at frequent intervals is necessary 
level achieved. Blood pressure response facilitated by until blood pressure is stabilized (generally 15-30 minutes). 
appropriate diuretic therapy. Thereafter, hourly measurement should be taken during 

A the balance of effect. 

O Prolonged activity 

A single injection of HYPERSTAT I.V. generally maintains O Stable...convenient...no preparation 
blood pressure below pretreatment levels for periods HYPERSTAT I.V. Injection supplied in a 20 ml. ampule 
up to 12 hours. containing a stable solution of diazoxide 300 mg. | 
O Protective action — helps avert target "Proa à 
organ damage *Marvin Moser, M.D., Assistant Professor of Clinical Medicine, Albert Pe 

Cardiac output increases as diastolic pressure is Einstein College of Medicine, and Chief of Cardiology, White Plains 24 
reduced. Coronary and cerebral blood flow maintained. ertt Nvberinulon Am Hed tU BIES TOCTBE Nona SO ET AR 


Increased renal blood flow after transient decrease. 


Administration * 
guidelines oe 
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Hospitalized Fill dry syringe Insert needle Inject entire Remove needle 
4. patient should 2. with appropriate 3. only.into = dose l. V. in a carefully— - 
be recumbent. dose of HYPERSTAT a peripheral vein. 30 seconds or less. avoid extravasation. 
I. V. Injection (20 ml. 
ampule contains . 


300 mg. diazoxide). 
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co Lj 
4 Patient should Monitor blood If dafs is to be 9 HYPERSTAT LV. 
» remain recum- a pressure closely 8. ambulatory, » Injection should e 
bent for at least half until stabilized — blood pressure should be continued until a 
an hour after injection. usually 15-30 minutes. be measured in regimen of oral 
Mii. opal antihypertensive 
efore surveillance yet 
nein medication becomes 


effective — generally 


Copyright © 1975, within a few days. 


Schering Corporation, a x s ; 
All riahts reserved. Before prescribina HYPERSTAT I.V. Iniection. please consult complete product information on next paqe. 
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R INTRAVENOUS USE IN HOSPITALIZED PATIENTS ONLY 


ME. Description .HYPERSTAT I.V. Injection is a rapidly acting antihypertensive agent. 
c m prwnpute (20 ml.) contains 300 mg. diazoxide, a nondiuretic benzothiadiazine 
a der vative, in a clear, colorless, aqueous solution; the pH is adjusted to approx- 
^ sin nately 11.6 with sodium hydroxide. Diazoxide is 7-chloro-3-methyl-2H 1, 2, 4-benzo- 
ES S adiazine 1, 1-dioxide. 
~ Actions HYPERSTAT I.V. Injection produces a prompt reduction in blood pressure by 
— . relaxing smooth muscle in the peripheral arterioles. Cardiac output is increased as 
___ blood pressure is reduced by diazoxide; coronary and cerebral blood flow are main- 


» PLC 
PB FL 


— tained. Renal blood flow is increased after an initial decrease. Diazoxide has no known 
direct action on the central nervous system. - 

BT pe sents refractory to other antihypertensive agents usually remain responsive 

— to diazoxide. ; 

~ Diazoxide is extensively bound to serum protein (>90%). The plasma half-life is 

^ | = 8.3 hours; however, the duration of its antihypertensive effect is variable, 

Ily lasting less than 12 hours. Although an antihypertensive response has been 
ed with slow intravenous injection, in general, a greater antihypertensive effect 
——. 3 ts obtained with rapid intravenous administration. 

- Indications | HYPERSTAT I.V. Injection is indicated for the emergency reduction of 
- blood pressure in malignant hypertension in hospitalized patients, when Brun and 
= urgent decrease of diastolic pressure is required. Treatment with oral ly effective anti- 


.— hypertensive agents should be instituted as soon as the hypertensive emergency is 


. controlled. 
— . HYPERSTAT (diazoxide) I.V. Injection is ineffective against hypertension due to 
__ pheochromocytoma. 
= Contraindications HYPERSTAT I.V. Injection should not be used in the treatment of 
— Compensatory hypertension, such as that associated with aortic coarctation or arte- 
-—. fiovenous shunt. is 
Ne" The drug should not be used in patients hypersensitive to diazoxide or other thi- 
"azides, unless the potential benefits outweigh the possible risks. 
_ Warnings Usagein E MDanAy: The safety of HYPERSTAT I.V. Injection in pregnancy 
— — has not yet been established. 
~~ . Information is not available concerning the passage of HYPERSTAT in breast milk. 
d - However, itis known that diazoxide crosses the placental barrier and appears in cord 
^. blood. Like other thiazides, the drug may produce fetal or neonatal hyperbilirubin- 
~= emia, thrombocytopenia, altered carbohydrate metabolism, and possibly other 
adverse reactions that have occurred in adults. 
J .  Usagei coca The safety of HYPERSTAT I.V. Injection in children has not yet 
5 ed. 
= .. Hypotension may occasionally result from the administration of HYPERSTAT I.V. 
t hypotension severe enough to require therapy occurs, it will usually respond to 
; — theadministration of sympathomimetic agents, such as norepinephrine. 
Je EU yperglycemia occurs in the majority of patients, but usually requires treatment 
only in patients with diabetes mellitus; it will respond to the usual management, in- 
pd UTR neun, Therefore, blood glucose levels should be monitored especially in 
——.. patients with diabetes or in those requiring multiple injections of diazoxide. Hyper- 
= glycemia and hyperosmolar coma associated with transient cataracts developed in 
- . one infant receiving repeated daily doses of oral diazoxide. The disturbed carbo- 
_ — hydrate metabolism was successfully treated with insulin. Cataracts have been ob- 
~ servedinafewanimalsreceiving repeated daily doses of intravenous or oral diazoxide. 
— Since diazoxide causes sodium retention, repeated injections may precipitate 
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E rend congestive heart failure. This retention responds characteristically to 

~ diuretic agents if adequate renal function exists. It should be noted that concurrently 

-. administered thiazides may potentiate the 3k. Cs adel hyperglycemic, and 

X. hyperuricemic actions of diazoxide (See Drug Interactions). ; 

- Since increased volume of extracellular fluid may be a cause of treatment failure in 

nonresponsive patients, it may be advisable to reduce this increased volume by 

~ means ofa uS agent. | 

~ Although no evidence of excessive anticoagulant effects has been reported, 

"patients, especially those who are hypoalbuminemic and receive HYPERSTAT I.V. 

— Injection and coumarin or its derivatives, may require reduction in dosage of the 

— . anticoagulant (See Drug Interactions). 

V. Precautions HYPERSTAT (diazoxide) |.V. Injection is a potent antihypertensive agent 
___ requiring close monitoring of the patient's blood pressure at frequent intervals. - 
_ Its administration may occasionally cause h potension requiring treatment with 
|... sympathomimetic drugs. Therefore, adequate facilities to treat such untoward 

-. reactions should be available when HYPERSTAT I.V. Injection is used. 
-n HYPERSTAT I.V. Injection should be administered only into a peripheral vein. 
E  Becausethe alkalinity of the solution is irritating to tissue, extravascular arton or 
.. leakage should be avoided; subcutaneous administration has produced inflammation 
= and pain without subsequent necrosis. If leakage into subcutaneous tissue occurs, 
^. thearea should be treated conservatively. : 

— Maximal antihypertensive effects occur after rapid administration (within 30 sec- 

be onds) into the vein; a slower injection may fail to reduce blood pressure or produce a 

E. 

" 
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very brief response. __ 
As with any potent antihypertensive agent, HYPERSTAT I.V. Injection should be used 
with care in patients who have impaired cerebral or cardiac circulation, that is, 

. . patients in whom abrupt and brief reductions in blood pressure might be detrimental. 
pue Special attention is required for patients with diabetes mellitus and those in whom 
= retention of salt and water may present serious problems (See Warnings). Nondiabetic 

atients may have a transient, reversible, and clinically insignificant increase in 
— . blood glucose following HYPERSTAT I.V. Injection. 
2 Since peritoneal dialysis or hemodialysis can reduce levels of diazoxide in the 
b blood, patients undergoing dialysis may require more than one injection. 
— . Adverse Reactions 
Frequent and serious adverse reactions: Sodium and water retention after repeated 
injections, especially important in patients with impaired cardiac reserve; hyper- 
—— glycemia frequently requiring treatment in diabetic patients, especially after 
K repeated injections. , | 
Infrequent but serious adverse reactions: rapes to shock levels; myocardial 
and/or cerebral ischemia, usually transient but possibly leading to thrombosis and 
manifested by angina, atrial and ventricular arrhythmias, and marked electrocardio- 
graphic changes; unconsciousness, convulsions, paralysis, or confusion; Poche 
retention of nitrogenous wastes after repeated injections; sensitivity reactions, such 
as rash, leukopenia, and fever. Rarely, acute pancreatitis has been reported. 
Other adverse reactions: Nausea, vomiting, and/or abdominal discomfort; vaso- 
dilative phenomena, such as flushing, generalized or localized sensations of warmth, 
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headache (sometimes throbbing), and sweating; orthostatic hypotension, light- 
headedness, and weakness of short duration; supraventricular tachycardia and 
palpitation; transient hyperglycemia in nondiabetic patients; transient retention of 
nitrogenous wastes; nonangina! “tightness in the chest"; warmth or pain along the 
injected vein; cellulitis without sloughing and/or phlebitis at the site of extravasa- 
tion; anorexia and alteration of taste; ileus; bradycardia; back pain; chest discomfort; 
dyspnea, choking sensation; apprehension or anxiety, malaise, and blurred vision 
occurred on single occasions; parotid swelling, salivation, lacrimation; ringing in 
nocturia; euphoria. 

Drug Interactions Since diazoxide is highly bound to serum protein, it may displace 
other substances or drugs which are also bound to protein, such as bilirubin or cou- 
marin and its derivatives. These potential interactions must be considered when 
administering HYPERSTAT LV. Injection. The concomitant administration of diazoxide 
with thiazides or other commonly used potent diuretics may potentiate the hyper- 
glycemic, hyperuricemic, and antihypertensive effects of diazoxide. 


Overdosage Overdosage of HYPERSTAT I.V. Injection may cause an undesirable 
hypotension. Usually, this can be controlled with sympathomimetic agents, such as 
norepinephrine; failure of the blood pressure to rise in response to such an agent 
suggests that the hypotension may have been caused by something other than diaz- 
ode. Excessive ey, ye sha resulting from overdosage will respond to 
conventional therapy yperglycemia. 

Diazoxide may be removed from the blood by peritoneal dialysis or hemodialysis. 


Animal Pharmacology and Toxicology In studies involving a number of species, 
including the rat, cat, dog, and monkey, diazoxide has been shown to exert significant 
antihypertensive actions through its direct effect on peripheral arterioles, which 
neither impairs cardiac function nor seriously diminishes perfusion of kidneys. 

In addition, in each species tested, including the rat, dog, and monkey, diazoxide 
elicits hyperglycemia, increased serum-free fatty acids and decreased plasma insulin 
levels by a mechanism thought to involve both suppression of insulin release and 
enhanced catecholamine action. 

Although the data are not conclusive, reproduction and teratology studies in 
several species of animals indicate that diazoxide, when administered during the 
critical period of embryo formation, may interfere with normal fetal development, 
possibly through altered glucose metabolism. Parturition was occasionally pro- 

onged in animals treated at term. ; fit 

Dosage and Administration HYPERSTAT I.V. Injection is administered undiluted and 
rapidly by intravenous perite It should only be given intoa peripheral vein. Do not 
administer it intramuscularly, subcutaneously, or into body cavities. Avoid extravasa- 
tion of the drug into subcutaneous tissues. 

Theresponse to HYPERSTAT I.V. Injection varies from patient to patient. Generally, 
blood pressure decreases within five minutes, often within oneto two minutes, to the 
lowest level achieved. The blood pressure increases relatively rapidly in the next 
ten to 30 minutes, and then more slowly over the following two to 12 hours, nearly 
reaching but rarely exceeding the pretreatment level. The response to successive 
injections is frequently better than that to the initial injection. | 

_ Treatment of hypertensive emergencies with HYPERSTAT I.V. Injection should be 
limited to a few days and a regimen of oral antihypertensive medications should be 
instituted as soon as possible. | fe 

With the pron recumbent, the contents of one 20 ml. ampule containing 300 mg. 
of HYPERSTAT I.V. Injection are administered intravenously in 30 seconds or less. - 
Slow intravenous injection may fail to reduce the blood pressure or may produce an 
exceedingly short response. ; 

Specific dosage is required in children or in unusually large or small patients. 
This dosage may be calculated on the basis of 5 mg./kg. body weight (0.3 ml./kg.) 
(See Warnings). | 


A second administration of HYPERSTAT (diazoxide) I.V. Injection may be required — 


for a satisfactory reduction in blood pressure, if the first injection fails to give an 
adequate response within 30 minutes. her 

Repeated administration of HYPERSTAT I.V. Injection at intervals of four to 24 hours 
usually will maintain the blood pressure below pretreatment levels until a regimen 
of ora! antihypertensive medication becomes effective. The interval between injec- 
tions may be adjusted by the duration of the response to each injection. It is usually 
unnecessary to continue treatment with HYPERSTAT I.V. Injection for more than 
four to five days. 

Following the use of HYPERSTAT I.V. Injection, the blood pressure should be mon- 
itored closely until it has stabilized. Thereafter, measurements taken hourly during 
the balance of the effect will indicate any unusual response. A further decrease in 
blood pressure at 30 minutes or more after injection should be investigated for 
causes other than the action of HYPERSTAT I.V. Injection. It is preferable that the 

tient remain recumbent for half an hour after injection. In ambulatory patients, the 

is pressure should be measured with the patient standing before surveillance is 
ended. 

Since repeated administration of HYPERSTAT I.V. Injection can lead to sodium and 
water retention, administration of a diuretic may be necessary both for maximal 
blood pressure reduction and to avoid congestive failure. 


How Supplied | HYPERSTAT I.V. Injection is supplied in a 20 ml. ampule containing 
diazoxide 300 mg. in a clear, colorless aqueous solution; box of one ampule. 
Protect from light and freezing. 
Store away from heat. 
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20 ml. | 
in 30 seconds or less 
for direct action. 
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Why do the majority or ICU/LCU'S 
depend on the American Long Term 
monitoring electrode system? 










Gel cup maintains a stable col- 
umn of electrolyte. Motion arti- 
fact is reduced; adhesion loss 
due to gel squeeze out is elimi- 
nated. 







Gel pad is saturated with the 
proper amount and type of low 
. impedance gel to deliver im- 
mediate base line stability and 
continued high performance. 







Aggressive 
adhesive and the gel ": 
retainer cup provide up to as 
seven days of reliable 
monitoring. 















4 
Fully shielded patient cables — | 
are available for most brands of ~ 
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ane rM ECG monitoring equipment. E 

Open cell foam contributes to nen prones a low not 2 
high levels of patient comfort. oe Sacre d 
: ^ 

This is the system that has established Open cell foam complements the elec- Please contact your American Hospital - A 
new standards for high performance in trode’s mild gel formulation and low Supply or NDM representative d 
long term ECG monitoring. profile to enhance patient comfort. and ask for: d 
Designed for single patient use, the When used as directed, American's = A demonstration of the system's | 
self-adhering silver/silver chloride Long Term Electrode provides from benefits. E 
é 


electrode is pregelled with the correct fve to seven days of Pig nie uad = A no obligation clinical trial. Ameri- | 
amount of proper electrolyte. Adhe- Tate monitoring... with no discomfort can will supply electrodes, leadwires 


sion loss and electrolyte evaporation t° the patient. and cables to adapt to your present — 
are virtually eliminated by the gel re- This advanced electrode, used with the monitoring equipment during the trial  . 
taining cup. The results: Immediate appropriate American leadwire and period. | 
base line stability and better long term cable, is fully compatible with your = A total inservice for your staff. 

4 performance than any other electrode present ECG equipment. 4 Information about our nationwide 

= reusable or disposable—is capable A clinical trial will show you why the — technical support program. 
of delivering. American Long Term Electrode system 


is the overwhelming choice of ICU/ 
D CCU’s throughout the country. 


rem Manufactured in U.S.A. by NDM Corporatio Dayton, Ohio 45439 


Available through 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION « General Offices. 1450 Waukegan Road, McGaw Park. Minois 60085 
The Long Term electrode is protected by NDM Corp. by the following U.S. Patents: 3,696,807 3,701,346; 3,713,435 
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araiobeeper: -FM pacer monitor ar 
unlike any heart monitoring instruments 
now in use. They re five ounces, pocket- 
sized and relatively inexpensive. Yet 
they are unparalleled in electronic so- 
phistication. The CardioBeeper monitors 
are engineered to permit your coronary 
patient, within seconds, to telephonically 
transmit his heart rate and rhythm or 
ECG. And to allow your pacemaker 
patient to transmit pacemaker rate in- 
terval and artifact, as well as confirma- 
tion of battery integrity and ventricular 
capture. At any time. From any conven- 
tional telephone. If indicated, you are 
then able to institute immediate, often 
life-sustaining action. 


Pacemaker tracing telephoned with 
CardioBeeper-PM. 


Normal ECG tracing telephoned with 
CardioBeeper. 

The CardioBeeper system is simple 
to use. Your patient need not undress. 
Or be bothered with paste, gels or straps. 
He simply places a reusable electrode 
in each bare armpit. And to transmit, 
he merely holds the CardioBeeper 


monitor next to the mouthpiece of the 
phone while touching a button. Physiciar 
and patient stay in constant voice 
contact while sending and receiving. 


You can immediately receive the 
telephoned data as a series of audible 
“beeps” indicating each QRS complex 
or pacemaker spike. To receive a per- 
manent record of ECG or pacemaker 
artifact, just connect a Cardio Beeper® 
ECG Decoder to your telephone and to 
any conventional ECG machine. Or 
instead, connect a CardioBeeper* 
Decodalyzer to your phone to obtain a 
visual readout of heart rate or pace- 
maker rate in BPM, interval count in 
msec. or a direct ECG tracing for your 
records. 

in life-threatening emergencies 
or routine checks, no remote cardiac 
monitoring instruments available today 
at any cost can rival the revolutionary 
CardioBeeper system. For further 
information, simply contact your Wyeth 
representative or Wyeth Laboratories, 
Box 8299, Philadelphia, Pa. 19101. 


Manufactured for Wyeth Laboratories 
by Survival Technology, Inc. 


CardioBeeperPfri 


pacer monitor 


CardioBeeper 


heart monitor 


Wyeth Laboratories 


P 
19101 


Survival Technology, Inc. 





Edwards Laboratories presents 
a whole new case for the STARR- 
EDWARDS™ Cardiac Pacer: the 
Model 8116 Hermetically Sealed 
Ventricular Tracking Pulse Generator. 

This second-generation pulse 
generator utilizes the same electronic 
circuit design of the Model 8114, which 
has attained a record of reliable clinical 
performance in more than 3,000 
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confirmed implants. 

Of most significance, the Model 
8116 features a hermetically sealed 
metal case to protect the entire elec- 
tronic circuit and power supply from 
body fluid infiltration. Critical com- 
ponents function in a totally dry 
environment, thereby contributing 
toward improved reliability and longer 
operating life. 


Further, the all-metal surface 
offers added external shielding against 
electromagnetic interference. Haynes 
Alloy 25, a biologically compatible 
material, covers the entire surface, 
obviating the need for an epoxy 
barrier. Case width is reduced 
to 2.0 cm., thereby contributing to an 
improved cosmetic appearance. 

Inside the pulse generator, 





improved RM-1 Mallory Mercury Cells 
are employed. Pacing rates of 70, 78 and 
85 BPM may be selected as standard. 
Fixed rate versions are also available. 

Because of these numerous 
improvements, and past record of 
extended longevity, the Model 8116 
carries a 48-month warranty and 
replacement allowance. 

For complete details, clinical 





data, and a description of Edwards’ 
complete Cardiac Pacer System, please 
contact Edwards Laboratories, 17221 
Red Hill Avenue, RO. Box 11150, Santa 
Ana, California 92711, 714/557-8910, 
Cable: EDSLAB, Telex: 68:5567. 


[ EDWARDS 
( LABORATORIES 
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Division of American Hospital Supply Corporation 








If psychic tension 
interferes with 
cardiac rehabilitation, 

heres how 
Valiumcan help. 


(diazepam) 








During hospitalization, Valium (diazepam) 
can relieve psychic tension that can disrupt 
bed rest and interfere with the rehabilita- 
|4| tion program. 
ZEN After the MI patient is stabilized, a certain 
2457 9 amount of psychic tension is to be expected. 
Sous reassurance, counseling and enlistment of family support can often minimize its 
effects. However, in some instances, the patient's thoughts may dwell constantly on his 
condition and how it will affect his life, thus producing excessive psychic tension that may 
present special problems. He may feel overwhelmed and be so burdened by these ten- 
sions that he is unable to rest and unable or unwilling to begin a program of rehabilitation. 
Under these circumstances, Valium? (diazepam) can often be a beneficial adjunct. 
Valium can calm the cardiac patient and help reduce his psychic tension to appropri- 
ate levels. Valium is used with most classes of primary medications such as cardiac glyco- 
sides, diuretics, vasodilators, anticoagulants, anticholinergics and antacids. Careful con- 
sideration should be given to the pharmacology of agents used with Valium, particularly 
those which may potentiate its action. 





During convalescence at home, Valium 
(diazepam) can reduce excessive anxiety that 
may hinder participation in active rehabilitation. 


Your counseling and the family’s support do 
much to control the anxieties that may interfere 
with this stage of convalescence — a time when 
you may wish to encourage a gradual increase in 
activity. But in some patients, excessive anxiety 
may retard general progress. For them, Valium 
can be beneficial during the post-hospital tran- 
sition to full ambulation. And, because the con- 

å valescent cardiac patient may be particularly prone to excessive tension and anxiety at 
bedtime, the addition of an A.s. dose of Valium to the 0.1.d. or t.i.d. schedule can reduce 
these symptoms and thus may encourage sleep. Therapy with Valium should be discon- 
unued when symptoms have been reduced to tolerable levels. | 





What an informed cardiac patient should know about Valium therapy. 

The cardiac patient should know that he can generally expect Valium to help relax and 
calm him so that he won't feel so overwhelmed by his tension and anxiety. An explanation 

of the importance of the dosage regimen you prescribe may go a long way to ensure his 

cooperation. As with all CNS-acting agents, the patient taking Valium should be cau- 

tioned against driving or operating dangerous machinery. 


Valium (diazepam) 
24mg, 5-mg, Io-mg tablets 
can relieve the cardiac patients. . 
undue psychic tension 


¢ 7 


For a summary of product information, see the following page. 


Valium (diazepam) 


2-mg, 5-mg, 10-mg tablets 


can relieve the cardiac patients 
undue psychic tension 


Prompt and Effective Response Valium acts promptly 
to help relieve psychic tension in the cardiac patient. 


Wide Margin of Safety At recommended dosages, oral 
Valium is generally well tolerated and does not significantly affect 
respiration, pulse or heart rate. 


Flexible Dosage Available as scored tablets, oral Valium 
allows dosage to be easily readjusted to suit patients’ changing needs. 


Predictable Pharmacokinetically Pharmacokinetic 
studies of Valium demonstrate a highly predictable pattern of absorp- 
tion, distribution, metabolism and excretion. 


Before prescribing, please consult com- 
plete product information, a summary of 
which follows: 


Indications: Tension and anxiety states; 
somatic complaints which are concomi- 
tants of emotional factors; psychoneurotic 
states manifested by tension, anxiety, ap- 
prehension, fatigue, depressive symptoms 
or agitation; symptomatic relief of acute 
agitation, tremor, delirium tremens and 
hallucinosis due to acute alcohol with- 
drawal; adjunctively in skeletal muscle 
spasm due to reflex spasm to local path- 
ology; spasticity caused by upper motor 
neuron disorders; athetosis; stiff-man 
syndrome; convulsive disorders (not for 
sole therapy). e 


Contraindicated: Known hypersensitivity 
to the drug. Children under 6 months of 
age. Acute narrow angle glaucoma; may 
be used in patients with open angle glau- 
coma who are receiving appropriate 
therapy. 


Warnings: Not of value in psychotic pa- 
tients. Caution against hazardous occupa- 
tions requiring complete mental alertness. 
When used adjunctively in convulsive dis- 
orders, possibility of increase in frequency 
and/ or severity of grand mal seizures may 
require increased dosage of standard anti- 
convulsant medication; abrupt withdrawal 
may be associated with temporary increase 
in frequency and/ or severity of seizures. 


Advise against simultaneous ingestion of 
alcohol and other CNS depressants. With- 
drawal symptoms (similar to those with 
barbiturates and alcohol) have occurred 
following abrupt discontinuance (convul- 
sions, tremor, abdominal and muscle 
cramps, vomiting and sweating). Keep 
addiction-prone individuals under careful 
surveillance because of their predisposi- 
tion to habituation and dependence. In 
pregnancy, lactation or women of child- 
bearing age, weigh potential benefit against 
possible hazard. 


Precautions: |f combined with other psy- 
chotropics or anticonvulsants, consider 
carefully pharmacology of agents em- 
ployed; drugs such as phenothiazines, 
narcotics, barbiturates; MAO inhibitors and 
other antidepressants may potentiate its 
action. Usual precautions indicated in pa- 
tients severely depressed, or with latent 
depression, or with suicidal tendencies. 
Observe usual precautions in impaired 
renal or hepatic function. Limit dosage to 
smallest effective amount in elderly and 
debilitated to preclude ataxia or overse- 
dation. 


Side Effects: Drowsiness, confusion, diplo- 
pia, hypotension, changes in libido, nausea, 
fatigue, depression, dysarthria, jaundice, 
skin rash, ataxia, constipation, headache, 
incontinence, changes in salivation, slurred 
speech, tremor, vertigo, urinary retention, 
blurred vision. Paradoxical reactions such 


as acute hyperexcited states, anxiety, hal- 
lucinations, increased muscle spasticity, 
insomnia, rage, sleep disturbances, stimu- 
lation have been reported; should these 
occur, discontinue drug. Isolated reports 
of neutropenia, jaundice; periodic blood 
counts and liver function tests advisable 
during long-term therapy. 


Dosage: Individualize for maximum bene- 
ficial effect. Adults: Tension, anxiety and 
psychoneurotic states, 2 to 10 mg b.i.d. to 
q.i.d.; alcoholism, 10 mg t.i.d. or q.i.d. in 
first 24 hours, then 5 mg t.i.d. or q.i.d. as 
needed; adjunctively in skeletal muscle 
spasm, 2 to 10 mg t.i.d. or q.i.d.; adjunc- 
tively in convulsive disorders, 2 to 10 mg 
b.i.d. to q.i.d. Geriatric or debilitated pa- 
tients: 2 to 2¥2 mg, 1 or 2 times daily ini- 
tially, increasing as needed and tolerated. 
(See Precautions.) Children: 1 to 2⁄2 mg 
t.i.d. or q.i.d. initially, increasing as needed 
and tolerated (not for use under 6 months). 


Supplied: Valium (diazepam) Tablets, 

2 mg, 5 mg and 10 mg-— bottles of 100 
and 500; Tel-E-Dose* packages of 100, 
available in trays of 4 reverse-numbered 
boxes of 25, and in boxes containing 10 
strips of 10; Prescription Paks of 50, avail- 
able singly and in trays of 10. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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A different kind of 
drug reference designed with 
your needs in mind 


The Modern Drug Encyclopedia is a compendium 
of over 3,000 pharmaceuticals, biologicals and al- 
lergens written, compiled and edited by an inde- 
pendent team of physicians and pharmacists. It is 
organized alphabetically by generic name with a 














General Index by brand and generic name. A 
Therapeutic Index pinpoints and locates which 
drugs are indicated, and, for even further flexibil- 
ity, a Manufacturers’ Index is also provided. The 
generic listing permits comparisons between drugs 
for the same indication and the free updating sup- 
plements insure that the information is the latest 
available. 


The Modern Drug Encyclopedia is not a bound 
set of package inserts. It is an editorial product 
responsibly written to meet the specific drug refer- 
encing needs of all healthcare professionals. 

The Modern Drug Encyclopedia presents basic 
drug information objectively, comparatively and 
with regular updating. 


But the proof of the pudding is in the eating. As 
a professional courtesy we would like to send you 
the new 1975 edition of the Modern Drug En- 
cyclopedia to use for a full month at our risk and 
expense. If at the end of the month it has not pro- 
vided you with an important and different source 
of drug information, simply return it and owe 
nothing. 


To order, complete and mail the reply coupon. 
To avoid disappointment, order now since our 
printing run is limited. 


The price of $33.00 includes MDE’s two year 
supplement service—Modern Drugs. 
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Yesterday he passed a resting ECG --- 
Xamination. Today he’s on his way to 


oe 


a coronary care unit. A stress test 
may have made it a different story. 





A Quinton Stress Test System may help you discover a cardio-vascular condition 
before serious symptoms are apparent. 


A Quinton system is designed for the practicing clinical physician. who 
needs a ruggedly durable, moderately priced unit that delivers all the information 
necessary for a complete evaluation. 

For complete details on all Quinton controlled exercise devices and 
ECG monitoring systems, talk to the specialists who helped pioneer stress testing 


equipment. Talk to Quinton Instruments, Dept. E-75, 2121 Terry Ave., Seattle, 
Washington 98121. Phone 206/223-7373. QUINTON 


Multi-lead exercise ECG eu Ven ahi 
system includes 2-channel isplays S-T depression, 
scope, recorder, and S-T slope and heartrate. 
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programmer 
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treadmill while 
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Treadmill control 
panel indicates 
speed and grade 
and provides manual 
control. 


400 watt-second D.C. 
Defibrillator. 


Seven models of clinical 
treadmills permit selection 
of the correct machine to 
match your requirements. 
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Complete lipid work-up should include both cholesterol 
and triglyceride determinations 

Testing for both lipids—rather than just for cholesterol alone—increases 
the chances of detecting hyperlipidemia from 60% to over 9596.2 


relatively rare Type I hyperlipoprotein- 
emia itis the only therapy since currently 
available drugs are ineffective. But in 
the drug-responsive types (Types IIa, 
IIb, III, IV and V) diet alone may fail to 
lower lipids adequately. 

Drug therapy is often 
necessary as an adjunct to diet 
Convincing the asymptomatic hyperlipi- 
demic patient to give up his favorite 
foods for benefits he may not feel is, at 


Lab results indicate pattem 
of lipid abnormality 


When initial determinations of fasting 
serum cholesterol and triglyceride levels 
indicate the presence of hyperlipidemia, 
the pattern of the lipid abnormality 
should also be determined.? 

When lipid elevations are confirmed, 
underlying disease states that may alter 
lipid metabolism should be ruled out 
through history, physical examination, 


~~ 





and appropriate laboratory tests. Effec- . best, a difficult task. Even under care- 

tive ja ai iy of these pathologic condi- Therapy begins- but does not fully monitored dietary regimens, lipid 
tions, if they exist, will often return the necessarily end-with specific reductions may be inadequate.‘ For these 
elevated lipids to anormal range. In the dietary recommendations reasons it is often necessary to add an 
absence of an underlying cause, elevated Diet (specific for the lipid abnormality) antilipemic agent to the dietary regimen 
lipid levels indicate a primary hyper- is the starting point in the management to produce a significant reduction in 
lipidemia. of primary hyperlipidemia, and in the serum lipids. ) 





AN IMPORTANT NOTE: It has not been established whether the drug-induced lowering of serum cholesterol or lipid 
levels has a detrimental, beneficial, or no effect on the morbidity or mortality due to atherosclerosis or coronary heart disease. 
Several years will be required before current investigations will yield an answer to this question. 
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" Along with early hypertension, excessive lowering effect is usually sustained as 
cigarette smoking and dietary indiscre- long as ArROMID-S treatment is uninter- 
tions, it is one of the few manifestations rupted. This ability to maintain control 
of modern society that an individual of serum lipids for extended periods is 
physician can attempt to control.” 1 of primary importance in treating a dis- 

This is how one clinician views hyper- order as persistent as hyperlipidemia. 
lipidemia—a condition widespread in ATROMID-S is effective in a simple, 
America today. The treatment he speaks well-accepted regimen that patients can 
of often calls for a dietary regimen spe- stay with. Initial and maintenance dos- 
cific for the lipid abnormality plus an age is 2 Gm. daily, in divided doses. 
antilipemic agent. And since many hy- Some patients may respond to a lower 
perlipidemic patients exhibit elevations dosage. To maintain continuous control 
of both cholesterol and triglycerides, of lipid levels, therapy should be un- 

they need a drug such as ArROMID-S interrupted. 
(clofibrate), which has the ability to The lipid-lowering effect of ArRoMID-S 
lower both lipids. is usually noted during the first month 


of therapy. The higher the initial level, 
the greater the lipid reduction likely to 
occur. 

If response is inadequate after three 
months of therapy, the drug should be 
discontinued. However, if xanthoma 
tuberosum is present, treatment should 
continue for longer periods (even up to 
one year) provided there is a reduction in 
the size and/or number of the xanthomas. 


_Atromid-S significantly reduces 

olesterol and triglycerides—often in 
patients unresponsive to diet í 

ATROMID-S as an adjunct to diet has 
a proven record of effectiveness in lower- 
ing serum elevations of both cholesterol 
and triglycerides.?"? 

Although most hyperlipidemic pa- 
tients are asymptomatic, a small number 





eid echo akin lesions or Xon MAD 10 years of successful overall clinical Periodic follow-up important 
egression of xanthomatous lesions with . ith A id-5 wi A 
ArgoMrp-S visually demonstrates the experience with Atromid- Once blood lipids have been stabilized 
S ANS Th hout more than ten years of t | level i f diet and 
eg £ this lipid-l yu roug y at normal levels on a regimen of diet an 
efficacy of this lipid-lowering agent. In id d A Sh h i ‘eta 
; h di widespread use, ATROMID-»5 has proven ATROMID-S, the patient shou e exam- 
some patients xanthomas disappear lo bb aetna nid Ver ll-tol d . ve 
y well-tolerate ined and his blood lipids tested every 
completely. In others the size and num- d H bef bi i i 
Deaf lesions aretoa. rug. However, before prescribing, you two to three months during the first year 
should be thoroughly familiar with the or so. If stabilization at such lower levels 
Continuous treatment, maintenance of possible adverse reactions as well as with is maintained over this period, the inter- 
daily dosage vital to long-term control the precautions and warnings described vals between measurements can be 
Reliable cholesterol- and triglyceride- on the last page of this advertisement. lengthened. 
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helps control the lipidfactor ` 
inyour patient's profile 


IF GIVEN IN CONJUNCTION WITH ANTICOAGULANTS 

WARNING: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS ARE GIVEN IN CONJUNCTION WITH ATROMID-S. THE DOS- 

AGE OF THE ANTICOAGULANT SHOULD BE REDUCED USUALLY BY ONE-HALF (DEPENDING ON THE INDIVIDUAL CASE) TO MAINTAIN 
e THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMI- 

NATIONS ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS BEEN STABILIZED. 











See last page of advertisement for prescribing information. 


Atromid-S (clofibrate) 

helps reduce elevated cholesterol 
and/or trigl ceride levels — 

not just cholesterol alone 


Initial and maintenance dosage: 
2 Gm. daily (four capsules), 


in divided doses. Some patients 
may respond to a lower dosage. 





BRIEF SUMMARY 

(For full prescribing information, see package circular.) 
ATROMID-S® (clofibrate) 

Antilipidemic agent for reduction of elevated serum lipids 


INDICATIONS: Arromip-S is indicated as adjunctive therapy to diet and 
other measures for the reduction of elevated serum cholesterol (especially the 
beta lipoprotein fraction) and/or triglycerides. Clofibrate appears to have a 
greater depressant effect on the very low density lipoproteins (Sr 20-400) 
rich in triglycerides than the low density lipoproteins (S¢ 0-20) rich in 
cholesterol. 

ATROMID-S is also indicated for treatment of patients with xanthoma tuberosum 
associated with hyperlipidemia. The skin lesions frequently regress with 
clofibrate. 

It has not been established whether the drug-induced lowering of serum 
cholesterol or lipid levels has a detrimental, beneficial, or no effect on the 
morbidity or mortality due to atherosclerosis or coronary heart disease. Sev- 
eral years will be required before current investigations wil! yield an answer 
to this question, 

CONTRAINDICATIONS: Clofibrate is contraindicated in pregnant women. 
While teratogenic studies have not demonstrated any effect attributable to 
clofibrate, it is known that serum of the rabbit fetus accumulates a higher 
concentration of clofibrate than that found in maternal serum, and it is pos- 
sible that the fetus may not have developed the enzyme system required for 
the excretion of clofibrate. 

It is contraindicated in lactating women since it is not known if clofibrate 
is secreted in the milk. 

It is contraindicated in patients with clinically significant hepatic or renal 
dysfunction. 

It is contraindicated in patients with primary biliary cirrhosis since it may 
raise the already elevated cholesterol in these cases. 

WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH ATROMID-S. THE DOSAGE 
OF THE ANTICOAGULANT SHOULD BE REDUCED USUALLY BY ONE- 
HALF (DEPENDING ON THE INDIVIDUAL CASE) TO MAINTAIN THE 
PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT BLEEDING 
COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS ARE 
ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE 
PROTHROMBIN LEVEL HAS BEEN STABILIZED. 

Strict birth control procedures must be exercised by women of childbearing 
potential. In patients who plan to become pregnant, clofibrate should be with- 
drawn several months before conception. Because of the possibility of preg- 
nancy occurring despite birth control precautions in patients taking clofibrate, 
the possible benefits of the drug to the patient must be weighed against pos- 
sible hazards to the fetus. 

PRECAUTIONS: Before instituting therapy with clofibrate, attempts should 
be made to control serum lipids with appropriate dietary regimens, weight 
loss in obese patients, gpntrol of diabetes mellitus, etc. j 

Because of the long term administration of a drug of this nature, adequate 
base line studies should be performed to determine that the patient has 
significantly elevated serum lipid levels. Frequent determinations of serum 
lipids should be obtained during the first few months of Atromip-S adminis- 
tration, and periodic determinations thereafter. The drug should be withdrawn 
after three months if response is inadequate. However, in the case of xanthoma 
tuberosum, the drug should be employed for longer periods (even up to one 
year) provided that there is a reduction in the size and/or number of the 
xanthomata. 

Subsequent serum lipid determinations should be done to detect a paradoxical 
rise in serum cholesterol or triglyceride levels. Clofibrate will not alter the 
seasonal variations of serum cholesterol peak elevations in midwinter and late 
summer and decreases in fall and spring. If the drug is discontinued, the pa- 
tient should be placed on an appropriate hypolipidemic diet, and his serum 
lipids should be monitored until stabilized, as a rise in these values to or 
above the original base line may occur. 

During clofibrate therapy, frequent serum transaminase determinations and 
other liver function tests should be performed since the drug may produce 
abnormalities in these parameters. These effects are usually reversible when 
the drug is discontinued. Hepatic biopsies are usually within normal limits. If 
the hepatic function tests steadily rise or show excessive abnormalities, the 


drug should be withdrawn. Therefore use with caution in those patients With 
a past history of jaundice or hepatic disease. 
Clofibrate may produce “flu like" symptoms (muscular aching, soreness, 
cramping). The physician should differentiate this from actual viral and/or 
bacterial disease. É 
Use with caution in patients with peptic ulcer since reactivation has been 
reported. Whether this is drug-related is unknown. 
Complete blood counts should be done periodically since anemia, and more 
frequently, leukopenia have been reported in patients who have been taking 
clofibrate. 
Various cardiac arrhythmias have been reported with the use of clofibrate. 
Several investigators have observed in their studies that clofibrate may pro- 
duce a decrease in cholesterol linoleate but an increase in palmitoleate and 
oleate, the latter being considered atherogenic in experimental animals. The 
significance of this finding is unknown at this time. 
ADVERSE REACTIONS: Of the pertinent reactions, the most common is 
nausea. Less frequently encountered gastrointestinal reactions are vomiting, 
loose stools, dyspepsia, flatulence, and abdominal distress. Reactions reported 
less often than gastrointestinal ones are headache, dizziness, and fatigue; mus- 
cle cramping, aching, and weakness; skin rash, urticaria, and pruritus; dry 
brittle hair, and alopecia. 
The following reported adverse reactions are listed alphabetically by systems: 
Cardiovascular 

Increased or decreased angina 

Cardiac arrhythmias 

Both swelling and phlebitis at site of xanthomas 
Dermatologic 

Skin rash 

Alopecia 

Allergic reaction including urticaria 

Dry skin and dry brittle hair 

Pruritus 
Gastrointestinal 

Nausea 

Diarrhea 

Gastrointestinal upset (bloating, flatulence, abdominal distress) 

Hepatomegaly (not associated with hepatotoxicity) 

Vomiting 

Stomatitis and gastritis 
Genitourinary 

Impotence and decreased libido 

Findings consistent with renal dysfunction as evidenced by dysuria, hema- 

turia, proteinuria, decreased urine output. One patient's renal biopsy 
suggested ‘allergic reaction.” 

Hematologic 

Leukopenia 

Potentiation of anticoagulant effect 

Anemia 

Eosinophilia 
Musculoskeletal 

Myalgia (muscle cramping, aching, weakness) 

“Flu like” symptoms 

Arthralgia 
Neurologic 

Fatigue, weakness, drowsiness * 

Dizziness 

Headache 
Miscellaneous 

Weight gain 

Polyphagia 
Laboratory Findings 

Abnormal liver function tests as evidenced by increased transaminase 

(SGOT and SGPT), BSP retention, and increased thymol turbidity 

Proteinuria 

Increased creatine phosphokinase 
Reported adverse reactions whose direct relationship with the drug has not 
been established: peptic ulcer, gastrointestinal hemorrhage, rheumatoid arthri- 
tis, tremors, increased perspiration, systemic lupus erythematosus, blurred 
vision, gynecomastia, thrombocytopenic purpura. 
DOSAGE AND ADMINISTRATION: Initial: The recommended dosage for 
adults is 2 Gm. daily, in divided doses. Some patients may respond to a lower 
dosage. Maintenance: Same as for initial dosage. Note: In children, insufficient 
studies have been done to show safety and efficacy. 
DRUG INTERACTIONS: Caution should be exercised when anticoagulants 
are given in conjunction with Atromip-S (clofibrate). The dosage of the antico- 
agulant should be reduced usually by one-half (depending on the individual 
case) to maintain the prothrombin time at the desired level to prevent bleeding 
complications. Frequent prothrombin determinations are advisable until it has 
been definitely determined that the prothrombin level has been stabilized. 
MANAGEMENT OF OVERDOSAGE: While there has been no reported case 
UM Da should it occur, symptomatic supportive measures should be 
taken. 
HOW SUPPLIED: Arromip-S—No. 243—Each capsule contains 500 mg. clofi- 
brate, in bottles of 100. 
References: 1. La Bree, J., M.D. (Director of Medical Education, St. Mary's 
Hosp., Minneapolis, Minn.): Unraveling the Metabolic Mysteries Affecting 
Diagnosis and Therapy, Ayerst Laboratories, 1972, p. 13. 2. Fredrickson, D. S., 
et al., in Holmes, W. L., Carlson, L. A., and Paoletti, R.: Drugs Affecting Lipid 
Metabolism, New York, Plenum Press, 1969, vol. 4, p. 314. 3. Levy, R. L, in 
Conn, H. F.: Current Therapy 1973, Philadelphia, Saunders, 1973, p. 267. 
4. Parsons, W. B., Jr.: Clin. Med. 78:15 (Nov.) 1971. 5. Gelfand, M. L., and 
Garber, M.: Exhibit, American College of Cardiology Meeting, New Orleans, 
La., Feb. 21-Mar. 1, 1970. 6. Berkowitz, D.: J.A.M.A. 218:1002 (Nov. 15) 1971. 
7. Zelis, R., et al.: J. Clin. Invest. 49:1007 (May) 1970. 8. Levy, R. I., and Fred- 
rickson, D. S.: Am. J. Cardiol. 22:576 (Oct.) 1968. 
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Charts, as provided by the instrument maker, 
afford this assurance to a maxima ... because 
= they are designed as an integral part 
Assurance that the recording is totally reliable of the instrüment: 

depends, in part, on the quality of the chart 
itself. 


The life's blood of an electrocardiograph is the 
chart that flows through it. 


Charts, as provided by others, are imitations at 
best. They may save a few pennies, but not 
without risk of shedding a "drop of reliability”. 
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e assured tablet content uniformity" 


predictable patient response... 
eproven biologic availability" 


Contraindications: There are no absolute contraindications to digitalis. However, in ventricular paroxysmal tachycardia or 
ventricular fibrillation, it should be used only in refractory cases not induced by digitalis intoxication and if heart failure 
has developed. 
Precautions: |f the patient has been given digoxin during the previous week or any other less rapidly excreted drug of 
the digitalis group during the previous two weeks, the dose of Lanoxin brand Digoxin must be reduced accordingly. 
Because of impaired renal function and excretion in elderly patients, they frequently require lower than recommended doses. 
Potassium loss in patients sensitizes the heart to digitalis intoxication even with recommended doses. The diuretic 
agents as well as electrolyte manipulations by the physician are major causes of potassium depletion in cardiac patients. 
Under these conditions, it may be necessary to reduce the usual dosages of Lanoxin brand Digoxin during digitalization 
and maintenance. 
Digoxin is usually ineffective in cases of cardiac failure due to mechanical causes which are independent of 
myocardial diseases, e.g., cardiac tamponade, or to disorders not primarily of cardiac origin, as severe anemia. Despite E 
a variable or poor response to digoxin in the presence of active rheumatic carditis, the development of cardiac failure 
Is an indication for its use. 
Effects of Overdosage and Treatment: The symptoms of overdosage with digoxin are quite similar to those:occurring 
with other digitalis preparations. The most common toxic manifestations are anorexia, nausea, vomiting and various 
cardiac arrhythmias, including ventricular extrasystoles and paroxysmal supraventricular tachycardia or fibrillation with 
A-V block. In general, the gastrointestinal manifestations of toxicity with digoxin precede the cardiac arrhythmias 
occurring from overdosage. Furthermore, because of the rapid dissipation of digoxin, manifestations of toxicity are of short 
duration, usually lasting from a few hours to one or two days. 
If necessary, potassium chloride may be administered as an intravenous infusion containing (adult dosage) 40 
milliequivalents ig 500 cc. of 596 dextrose in water, given over the course of 1 hour and repeated, if required, until a total 
of 120 milliequivalents have been given (1 mEq. KCI — 74.5 mg.). Electrocardiographic monitoring should be conducted 
and the infusion halted immediately upon the appearance of peaking of the T-waves. For children, the intravenous 
infusion dosage of potassium chloride would be 5 to 10 milliequivalents in 100 cc. of 595 dextrose in water given over the 
course of 1 hour, repeated if required, to a total of 15 to 30 milliequivalents. For more serious intoxication with abnormal 
cardiac rhythms, potassium chloride may be given orally in divided doses totalling 4 to 6 grams per day (adults) or 
1 to 2 grams (children) provided renal failure is not present. 
LANOXIN® digoxin TABLETS. 0.125 mg. (yellow) in bottles of 100 and 1,000. 0.25 mg. (white) scored, 
in bottles of 100, 500, 1,000 and 5,000; also Unit Dose Pack, strips of 10 tablets, 10 boxes of 100 tablets (1,000). 
0.5 mg. (green) scored, in bottles of 100 and 1,000. 
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Sixty-four patients with acute transmural myocardial infarction had - 
daily echocardiograms while in the coronary care unit. Patients with © 
previous infarction were excluded. The electrocardiographic site of in- 
farction was anterior wall in 28, inferior wall in 33 and both anterior 
and inferior wall in 3 patients. Echocardiograms satisfactory for inter- 

pretation were obtained in 92 percent of cases. Abnormal left ventricu- 

lar wall motion corresponding to the electrocardiographic site of infarc- 

tion was seen in the echocardiogram in 84 percent of cases. Exagger- - 
ated normal motion in noninfarcted areas was seen in 30 percent. The 

left ventricular internal dimension correlated with clinical heart failure 

(P «0.005) and was increased in 50 percent. Abnormal mitral valve 

closure, which reflects increased left ventricular end-diastolic pres- 

sure, was present in 33 percent. This finding did not correlate signifi- 

cantly with clinical heart failure. By combining the measurements of- 
left ventricular internal dimension and mitral valve closure, it was pos- 

sible to predict hospital mortality from the echocardiograms. The re- 

sults indicate that echocardiography is a useful technique in the study 

and management of patients with acute myocardial infarction. 


Although present echocardiographic techniques do not permit identi- 
fication of echoes from the coronary arteries and, therefore, direct as- 
sessment of the presence and severity of coronary artery disease, 
some of the important consequences of coronary artery disease may 
be indirectly evaluated by examination of the left ventricle.!-? Most 
previous studies have dealt with abnormalities of wall motion!-? and 
left ventricular volume^$ in patients with chronic coronary artery 
disease. Less information is available on the use of echocardiography 
in patients with acute infarction. Change in motion of the posterior 
left ventricular wall has been shown in animals with experimental in- 
farction of the posterior wall.^? These changes in posterior wall mo-, 
tion were presumed to be due to segmental left ventricular dysfunc- 
tion since they were not seen in dogs with apical infarction.? In addi- 
tion, decreased posterior wall velocity has been demonstrated in pa- 
tients with inferior as opposed to anterior infarction,? and abnormal 
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FIGURE t. "Normal left ventricular echonrath [ 5m Whare mea- 
surements were made. EN, = amplitude of endocardial echocardi- 
ographic motion; LS, = amplitude of left septal echocardiographic 
motion during ejection; LVID4 = left ventricular internal dimension at 
end-diastole. 
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anterior left ventricular wall motion has been demon- 
strated in patients with transmural anterior infarc- 
tion.? Good correlation has been reported!? between 
echocardiographic and dye-dilution methods of mea- 
suring cardiac output in nine patients with acute in- 
farction. 

Because of the noninvasive nature of echocardi- 
ography and its potential usefulness in assessing both 
segmental and generalized left ventricular function, 
investigation into its use in acute infarction is indi- 
cated. Among the many questions that need to be 
asked are: (1) How often can technically satisfactory 
echocardiograms be obtained in patients with acute 
myocardial infarction; (2) what are the incidence 
rates and sites of abnormal left ventricular echocar- 
diographic motion, and what is its relation to the 
electrocardiographic site of infarction; (3) how soon 
after infarction do abnormalities of echocardiograph- 
ic motion occur; (4) what is the relation of echocardi- 
ographic findings to clinical heart failure; and (5) are 
echocardiographic measurements helpful in predict- 
ing mortality in acute infarction? This report deals 
with these questions. 


Methods 


Patients: Clinical and echocardiographic data were col- 
lected from 64 consecutive patients with acute transmural 
myocardial infarction. Patients with a history of previous 
myocardial infarction were excluded. All patients were ex- 
amined daily by the same investigator and were included 
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FIGURE 2. Left ventricular echograms 
recorded with the transducer overlying 
the anterior left ventricular wall (ALV). A, 
normal subject. The motion is away from 
the chest wall (normal) during ejection. 
B, from a patient with acute anterior wall 
myocardial infarction. The anterior left 
ventricular wall motion during ejection is 
paradoxical. 


ur 


. only if diagnostic electrocardiographic changes (Q wave 


greater than 0.04 second) of transmural infarction plus typ- 
ical chest pain or a characteristic curve of serum enzyme 
activity, or both, was present. A diagnosis of congestive 
heart failure was made when the patient manifested bilat- 
eral basilar rales that did not clear with coughing or a third 
sound gallop, or both, consistent with the Killip classifica- 
tion. 

Echocardiograms: Echocardiograms were obtained at 
the bedside as often as possible—in most cases daily— 
while the patients were in the coronary care unit. A Smith- 
Kline echograph with a 2.25 megahertz transducer 1.25 cm 
in diameter and collimated at 7.5 cm was used to obtain 
echoes. M mode tracings were made with a portable Hon- 
eywell Model 1856 strip chart recorder. À simultaneous 
electrocardiographic monitoring lead was recorded on each 
tracing. 

Echoes were first recorded from the mitral valve. From 
that position a sector scan of the left ventricle from base to 
apex was recorded, as previously described,!! in more than 
one interspace when possible. The transducer was then 
moved laterally 5 to 7.5 cm across the chest to record 
echoes from the anterior left ventricular wall. Details of 
this technique have previously been described.? 

Echocardiographic measurements: The echocardio- 
grams were interpreted without knowledge of the clinical 
information. Figure 1 illustrates a normal left ventricular 
echogram and shows where the measurements used for 
analysis were made. The left ventricular internal dimension 
at end-diastole (LVID4) was taken at the peak of the R 
wave in the electrocardiogram at about the level of the pos- 
terior leaflet of the mitral valve. This was divided by the 
body surface area to obtain an LVIDg index. The normal 
LVIDg index in our laboratory is 3.2 cm/m? or less. The 
amplitude of left septal and left endocardial echocardio- 
graphic motion during ejection was measured at or just 
below the posterior mitral valve leaflet. Normal septal mo- 
tion in our laboratory ranges from 0.3 to 0.8 cm (mean 0.6) 


FIGURE 3. Mitral valve echograms showing abnormal 
mitral valve closure (P-R interval of electrocardiogram 
minus A-C interval — 0.06 second or less). The config- 
uration of the A-C echo is variable. A — point at which 
the mitral valve begins to close; C — point of complete 
closure of the mitral valve. 
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and normal endocardial amplitude ranges from 0.8 to 1.6 ; 
cm (mean 1.3). Paradoxical septal motion was given a value 
of 0. Motion of both the septum and endocardium at the 


apex was also observed. 


The anterior left ventricular wall echo was called normal - 
if it moved away from the transducer during ejection and : 
abnormal if it was flat or moved toward the transducer dur- . 


ing ejection. (Fig. 2, A and B) 


The period of mitral valve closure (A- C interval) was 
measured from the peak of the A wave in the mitral echo- - t 


gram to the point where the echoes from the anterior and - 
posterior mitral leaflets met (Fig. 3). Abnormal mitral — 
valve closure, which has been shown to be associated with | 
increased left ventricular end-diastolic pressure,!? was de- - 
fined as a P-R minus duration of mitral closure (PR- AC) © 
interval of 0.06 second or less. The duration of mitral valve - 


closure is subtracted from the P-R interval in the electro- . 


cardiogram since the time between atrial and ventricular - 


contraction also affects mitral valve closure.!?!^ As the mi- X 
tral valve closure time increases, presumably because of in- — 
creased left ventricular pressure, the PR-AC interval de- - 


creases if the P-R interval remains constant. 


Statistical analysis: Data were analyzed by the Student ' 


t test. Chi square analysis was used to find if there was a 
relation between the echocardiographic measurements and - 
congestive heart failure and to determine the ability of the 


following variables and combinations of variables to pre- - 


dict mortality on admission and at the time of the last - 
echocardiogram (excluding admission echocardiogram): (1) 
elevated LVIDg index; (2) abnormal mitral valve closure 
reflecting increased left ventricular end-diastolic pressure; 
(3) elevated LVIDg index plus abnormal mitral valve clo- 


sure; (4) LVIDg index/PR-AC ratio as a volume/pressure 


ratio; and (5) abnormal wall motion. 


Clinical variables analyzed by the same statistical meth- - 


ods were (1) age greater than 60 years; (2) sex; (3) serum 
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glutamic oxaloacetic transaminase level greater than 250 - 


units; (4) location of infarction; (5) third sound gallop; (6) 
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TABLE | 


Echocardiographic Data 


Electrocardiographic Site of 
Transmural Infarction 


Normal Anterior Inferior Both 
(17 cases) (28 cases) (33 cases) (3 cases) 
-Sa (cm) 
Measured (no.) 17 25 31 3 
Range 0.3-0.8 | 0-.6 0-2.0 0-1.1 
Mean 0.63 0.08 0.81 0.37 
P value «0.001 «0.025 NS 
no. abn («0.3) 20 (80%) 1(3%) 2 (66%) 
(>0.8) None 12 (39%) 1(33%) 
“Na (cm) 
Measured (no.) 17 25 28 3 
Range 0.8-1.6 0.8-2.1 0-1.7 0-1.3 
Mean 1.29 1.40 0.66 0.60 
P value NS <0.001 <0.001 
no. abn (<0.8) None 16 (57%) 2 (66%) 
(>1.6) 4 (16%) 2(7%) None 
\LV 
Recorded (no.) 17 21 3 
no. abn 13 (76%) 1(5%) 3 (100%) 
-ViDa index (cm /m?) 
~ Measured (no.) 17 27 3l 3 
Range 2.2-3.3 1.9-4.4 2.44.3 2.9-3.7 
Mean 2.8 3:3 3.0 3.4 
P value « 0.001 «0.05 «0.05 
‘no. abn (>3.2) 1 19(70%) 11(35%) 2 (66%) 
MV closure 
- Measured (no.) 22 22 3 
no. abn PR-AC 11 (50%) 9(41%)  1(3390) 


(<0.06 second) 





abn = abnormal; ALV = anterior left ventricular wall echo; 
ENa = amplitude of endocardial echocardiographic motion; 
LSa = amplitude of left septal echocardiographic motion dur- 
ng ejection; LVID, index = left ventricular internal dimension 
at end-diastole/body surface area; MV = mitral valve; P = prob- 
ability. PR-AC = P-R interval from the electrocardiogram minus 
the A-C interval from the mitral valve echogram. 


bilateral rales; and (7) presence of heart failure on the basis 
of the Killip classification. 


Results 
Clinical Data 


The 64 patients ganged in age from 31 to 85 years 
(mean 60) and included 36 men and 28 women. Con- 
zestive heart failure was present during the first 48 
hours in 58 percent (37 of 64), and 4 patients had pul- 
monary edema and 2 had shock on admission. The 
hospital mortality rate for the entire group was 23 
percent (15 of 64). The electrocardiographic site of 
infarction was anterior wall in 28, inferior wall in 33 
and both anterior and inferior wall in 3 patients. 

The group of 28 patients with anterior wall infarc- 
tion included 17 men and 11 women whose ages 
ranged from 40 to 82 years (mean 60). Congestive 
heart failure was present within 48 hours of admis- 
sion in 64 percent (18 of 28), and the hospital mortal- 


ity rate was 32 percent (9 of 28). The 33 patients with - 
inferior wall infarction included 16 men and 17 
women whose ages ranged from 31 to 85 years (mean 
59). Fifty-two percent of these patients (17 of 33) had 
congestive heart failure within 48 hours and the hos- 
pital mortality rate was 15 percent (5 of 33). The 
three patients with both anterior and inferior wall in- 
farction were men aged 51 to 66 years (mean 58). Two 
had congestive heart failure, and one died in the hos- 
pital. 


Echocardiographic Data 


Echocardiographic data for the three groups are 
presented in Table I. The most obvious echocardi- 
ographic abnormalities were those of left ventricular 
wall motion. Decreased or paradoxical echocardio- 
graphic motion was found on admission in 84 percent 
of patients (54 of 64) with acute transmural infarc- 
tion. The echocardiograms in Figures 4 and 5, ob- 
tained from two patients in this study, demonstrate, 
respectively, abnormal septal and posterior wall mo- 
tion. In 73 percent of patients (47 of 64) abnormal 
motion was seen at the “base” of the heart where the 
ultrasonic beam traverses the mitral valve and where 
standard left ventricular echocardiographic measure- 
ments are made. In four instances the abnormality 
was seen only at the apex, and in three cases only the 
anterior left ventricular wall was abnormal. ''Exag- 
gerated normal" motion in areas not involved electro- 
cardiographically was seen in 30 percent of this series 
of patients. The area of decreased or paradoxical mo- 
tion corresponded to the electrocardiographic site of 
infarction with two exceptions. One patient with in- 
ferior wall infarction had abnormal anterior left ven- 
tricular wall motion as well as decreased endocardial 
motion, and another with only inferior wall infarction 
electrocardiographically had absence of septal mo- 
tion at the base of the heart in addition to abnormal 
endocardial motion. 

'The abnormal motion associated with acute infarc- 
tion was nearly always seen in the admission echocar- 
diogram, and very little daily change was seen in sub- 
sequent tracings in the coronary care unit. Although 
it was not possible to quantitate the area of abnormal 
contraction, the changes appeared to be greater and 
more extensive than those we have observed in pa- 
tients with chronic coronary artery disease; prelimi- 
nary observations in follow-up tracings (3 to 6 
months) indicate that some improvement occurred 
later. 

Patients with anterior wall infarction: Left 
septal echoes were adequate for measuring amplitude 
of motion during ejection in 25 of the 28 patients 
with electrocardiographic evidence of anterior myo- 
cardial infarction. Eighty percent (20 of 25) had ab- 
normally decreased motion (less than 0.3 cm) with a 
mean of 0.08 cm (range 0 to 0.6) that was significant- 
ly different from normal (P «0.001). The endocardial 
amplitude was also measurable in 25 patients, and 
the group mean was not significantly different from 
normal. Four patients had endocardial amplitude 
values above the normal range (0.8 to 1.6 cm). Anteri- 
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FIGURE 4. Abnormal septal motion in two patients with acute anterior infarction. he 
A, left ventricular echocardiographic sector scan from an area near the apex (on IU wy 
the left) to an area at the base of the heart where the mitral valve was recorded. 
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During ejection the septal motion is paradoxical. The posterior wall motion is nor- $ 


mal. B, left ventricular echogram from an area below the mitral valve showing ab- 


sence of left septal echo motion. 


or left ventricular echocardiographic motion was ab- 
normal in 76 percent (13 of 17) of those in whom it 
was recorded. 

The left ventricular internal dimension at end- 
diastole (LVIDa) index was elevated in 70 percent (19 
of 27) of these patients, and 50 percent (11 of 22) of 
them had abnormal mitral valve closure. 

Patients with inferior wall infarction: Left sep- 
tal echoes could be measured in 31 of 33 patients 
with inferior wall infarction. Values ranged from 0 to 
2.0 cm (mean 0.81). The left septal amplitude was 
less than normal in only 1 patient and was greater 
than normal in 12 patients (P «0.025). Endocardial 
amplitude ranged from 0 to 1.7 cm (mean 0.7), with 2 
patients having values greater than normal and 16 
having values below the normal range (P «0.001). 
Anterior left ventricular wall motion was abnormal in 
1 of the 21 patients in whom it was recorded. The left 
ventricular internal dimension index was elevated in 
35 percent (11 of 31), and abnormal mitral valve clo- 
sure was present in 41 percent (9 of 22) of these pa- 
tients. 

Patients with both anterior and inferior wall 
infarction: Measurements in the three patients with 
both anterior and inferior electrocardiographic 
changes showed septal motion increased in one and 
decreased in two, endocardial motion decreased in 
two, anterior left ventricular echo motion abnormal 
in three, left ventricular internal dimension index el- 
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FIGURE 5. Left ventricular echogram from a patient with acute infe- 
rior wall infarction showing greatly decreased posterior wall motion 
and normal septal motion. 
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TABLE II 


| Analysis of Echocardiographic Measurements in Predicting Mortality in Acute Myocardial Infarction 








Patients in Whom Value 


Patients Could be Measured Patients with Normal Value ^ Patients With Abnormal Value 
FECHooSrdio- 2 EXAmIQUI S 7 0 ete XX Y Eua M Ctr. ELS ar HY Cua Yo SNP Re 
Measurement gram (no.) no. Mortality no. Mortality no. Mortality P Value 
LVID, index First 64 61 15/61 (25%) 29 4/29 (14%) 32 11/32 (34%) NS 
Last 40 40 7/40 (1896) 18 3/18 (17%) 22 4/22 (18%) NS 
MV closure First 64 47 9/47 (19%) 26 3/26 (12%) 21 6/21 (29%) NS 
(PR — AC) Last 40 35 7/35 (20%) 17 0/17 18 7/18 (39%) «0.005 
MV closure + First 64 46 9/46 (20%) 35* 3/35 (9%) 11* 6/11 (55%) <0.001 
LVID a index Last 40 35 7/35 (20%) 26 3/26 (12%) 9 4/9 (44%) <0.05 
- LVID, index/ First 64 46 9/46 (20%) 33 3/33 (9%) 13 6/13 (46%) «0.005 
PR-AC Last 40 35 7/35 (20%) 27 1/27 (4%) 8 6/8 (75%) «0.0001 
LSa First 64 59 15/59 (25%) 23 4/23 (17%) 36 11/36 (3190) NS 
Last 40 38 8/38 (21%) 17 2/17 (12%) 21 6/21 (29%) NS 
ENa First 64 56 14/56 (25%) 32 6/32 (19%) 24 8/24 (33%) NS 
Last 40 35 5/35 (14%) 25 2/25 (8%) 10 3/10 (30%) NS 
ALV First 64 41 10/41 (24%) 24 4/24 (17%) 17 6/17 (35%) NS 
Last 40 20 2/20 (10%) 11 2/11 (18%) 9 0/9 NS 





* Normal for this measurement refers to only one or neither value being abnormal; abnormal refers to both values being abnormal. 


NS = not significant; other abbreviations as in Table |. 
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FIGURE 6. Relation of the incidence of elevated LVID, index to clini- 
cal congestive heart failure in patients with acute myocardial infarc- 
tion. CHF = congestive heart failure; LVID4 = left ventricular internal 
dimension at end-diastole/body surface area. 


evated in two and abnormal mitral valve closure in 
one. 


Echocardiographic Measurements and Clinical Heart 
Failure 


Figure 6 shows the significant (P «0.005) correla- 
tion between echocardiographic left ventricular size 
on the admission echocardiogram and clinical heart 
failure based on the Killip classification. However, 38 
percent of patients (11 of 29) with a normal left ven- 
tricular internal dimension had clinical heart failure 
and 22 percent (7 of 32) with an elevated left ventric- 
ular internal dimension had no clinical evidence of 
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failure. There was also a significant correlation be- 
tween an echocardiographically dilated left ventricle 
and the presence of either bilateral rales (P <0.005) 
or a third sound gallop (P <0.025). 

There was no significant correlation between ab- 
normal mitral valve closure and clinical heart failure 
or the presence of rales in this series of patients. 
There was a significant correlation between the pres- 
ence of abnormal mitral valve closure and a third 
sound gallop (P <0.05). 


Echocardiographic Measurements and Mortality 


Results of the analysis of variables showing which 
echocardiographic findings might predict mortality 
are presented in Table II. 

First echocardiogram: Although an echocardi- 
ographically dilated left ventricle and abnormal mi- 
tral valve closure were more common on admission 
among those who subsequently died, neither finding 
alone was useful in predicting mortality. Only when 
these two abnormalities were combined were they of 
significant value in predicting death (Fig. 7A). The 
mortality rate for the group in which both measure- 
ments could be made was 20 percent (9 of 46). The 
mortality rate among those in whom both variables 
were abnormal was 55 percent (6 of 11), whereas only 
9 percent (3 of 35) of patients without this combina- 
tion died. This difference was significant (P <0.001). 
The LVIDg index/PR-AC ratio was also useful in 
predicting mortality (P <0.005) at the time of admis- 
sion (Fig. 7B). The presence of abnormal wall motion 
was not useful for this purpose. 

Last echocardiogram in the coronary care 
unit: Results of analyzing the same variables using 
each patient’s last echocardiogram obtained in the 


Both 
Abnormal 


or 
neither 
Abnormal 


Mitral ValveClosure + LVIDg index 


First Last 
Echocardiogram Echocardiogram 
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FIGURE 7. Correlation of incidence of hospital death in acute myo- 
cardial infarction patients with: (A) abnormal mitral valve closure (re- 
flecting an increased left ventricular end-diastolic pressure) plus an 
elevated LVID4 index on the echocardiogram; (B) volume/pressure 
ratio estimated from the LVID4 index and the PR-AC ratio; (C) the 
presence of normal or abnormal mitral valve closure. AC = mitral 
valve closure time interval from the echogram (seconds); LVID, 
index — left ventricular internal dimension at end-diastole/body sur- 
face area; PR = P-R interval from the electrocardiogram. 


coronary care unit were different. Patients who had 
only one echocardiogram were excluded from this 
analysis. When these later echocardiograms were 
used, the presence of abnormal mitral valve closure 
alone was significant (P «0.005) in predicting mor- 
tality (Fig. 7C). Most significant at this time was the 
LVID,4 index/PR-AC ratio (P <0.0001) (Fig. 7B). 
Only 1 of 27 patients who had a volume/pressure 
ratio of less than 65 on his last echocardiogram died 
in the hospital, whereas 6 of 8 patients with values 
greater than 65 died before hospital discharge. Figure 
8 shows the ratios for individual patients and indi- 
cates whether or not they died in the hospital. A 
value of 65 seemed to provide the separation of survi- 
vors and nonsurvivors. Abnormal wall motion was 
still not helpful in predicting mortality. 


Clinical Findings and Mortality 


Results of the analysis of clinical variables in pre- 
dicting mortality are presented in Table III. 'T'here 
was significantly increased mortality in patients more 
than 60 years of age (P «0.025) and in those with a 
third sound gallop (P «0.05), rales (P «0.05) or clini- 
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cal heart failure (Killip classification) on admission. 
(P <0.05). Forty-eight hours after admission a third 
sound gallop was a better predictor of mortality (P. 
«0.001) than either rales (P <0.01) or clinical heart - 
failure on the basis of the Killip classification (P 
<0.01). Mortality was significantly different between 
patients in Killip class I (no heart failure) and those - 
with class II heart failure (third sound gallop or bilat- 
eral rales, or both, without overt pulmonary edema or 
shock) at 48 hours (P <0.01) but not on admission. __ 
Sequential changes: Although some daily changes. 
in both the left ventricular internal diameter at end- 
diastole (LVIDa) index and the P-R minus mitral 
valve closure (PR-AC) interval were observed, the. 
most striking sequential changes related to mortality 
were in the LVID, index/PR-AC ratio as illustrated 
in Figure 9. For clarity, lines indicating change were 
drawn only for patients whose values went from the 
area of high mortality to that of low mortality or vice 
versa. The figure shows that abnormal echocardi- ' 
ographic findings preceded death by many hours or 
even days and were not due to sudden terminal 
events. There were three nonsurvivors with a “nor- 
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TABLE lil 


Analysis of Clinical Findings in Predicting Mortality in 
Acute Myocardial Infarction 


Patients Lived Died i 
(no) (no) (no) P Value 
— Complete clinical 64 49 15 
profile obtained 
— Location of infarction 
Anterior wall 28 19 9 
Inferior wall 33 28 5 NS 
Both 3 2 1 
tli 29 26 3| 
« 60 
E 00 NUM TOI. v0 
— Sex 
= Male 36 28 8 
^. Female doo E 5S 
— SGOT 
< 250 units db 6.29 8 ihe 
|. 2250 units 29 — 20 9| * 
-< On admission 
Killip class 
A | 27 24 3 
bees N 31 22 2 NS 20.05 
r nts 4 2 2 
1 IV 2 1 1 
— S; gallop present 20 12 8 «0.05 
= Bilateral rales present 364 24... 732 «0.05 
At 48 hours 
Killip class | 
| 21 21 0 
! dii cows Lapis S001 
Hl 0 
IV 0 
S; gallop present 15 7 8 <0.001 
Bilateral rales present 39 28 11 «0.01 
Killip class: | = no heart failure; II = third sound gallop or 
bilateral rales, or both; Ill = pulmonary edema; IV = shock; 


SGOT = serum glutamic oxaloacetic transaminase; S; = third 
heart sound. 


mal volume/pressure ratio" in the admission echocar- 
diogram whose ratio became abnormal before death 
and six of seven survivors with an abnormal ratio on 
admission whose ratio became normal while they 
were in the coronary care unit. 


Discussion 


= Technical feasfbility: This study demonstrates 
that technically adequate bedside echocardiograms 
can be obtained routinely in patients with acute myo- 
cardial infarction. Information about left ventricular 
wall motion and size was obtained on 59 of 64 pa- 
tients (92 percent). Although mitral valve echoes 
were recorded on 61 of 64 cases (95 percent), a P-R 
minus mitral valve closure interval could be mea- 
sured in only 47 of 61 patients (77 percent) because 
of atrial fibrillation, heart block and sinus tachycar- 
dia in some patients and difficulty in accurately mea- 
suring the onset of the electrocardiographic P wave 
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FIGURE 8. Individual values for the echocardiographic volume/pres- 
sure ratio in patients with acute myocardial infarction. Sixty-five is 
the value that best separates the survivors from the nonsurvivors. 
Abbreviations as in Figure 7. 


in others. With sinus tachycardia, the left ventricular 
filling period is often so short that the E and A points 
on the mitral valve echogram cannot be distin- 
guished. 

Left ventricular wall motion: Echocardiography 
was a sensitive indicator in the early detection of ab- 
normal areas of wall motion corresponding to the 
electrocardiographic site of transmural infarction in 
this study, but it is not possible to make a diagnosis 
of myocardial infarction from the echocardiogram. 
Abnormal motion is seen with chronic coronary ar- 
tery disease without evidence of infarction,'? and it 
may be seen transiently during stress in patients who 
have normal echocardiographic motion at rest.» We 
have observed the same changes in patients with a di- 
agnosis of preinfarction angina. The echocardio- 
graphic changes may be useful in determining wheth- 
er symptoms are cardiac in origin when infarction has 
not taken place or before diagnostic electrocardio- 
graphic changes are present. Other conditions, in- 
cluding cardiomyopathy,!® left bundle branch 
block,!7?:8 right ventricular volume overload,!9:2° left 
ventricular volume overload?! and prosthetic valve 
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Daily Changes In Non—Survivors 


FIGURE 9. Sequential changes in the echocardiographic volume/pressure ratio in survivors (A) and nonsurvivors (B). For clarity, lines were 
only drawn for patients who change from areas of high mortality to low mortality, or vice versa. Abbreviations as in Figure 7. 


surgery,?? affect echocardiographic motion and must 
also be considered. 

Left ventricular internal dimension: Because 
the left ventricle may be asymmetrical in coronary 
artery disease, especially during contraction, caution 
must be exercised in using echocardiographic left 
ventricular dimensions to estimate volumes. Studies 
comparing volumes derived from biplane angiograms 
with those derived from single echocardiographic di- 
mensions in patients with coronary artery disease 
support the use of a single left ventricular diastolic 
dimension for estimating diastolic volume.? Although 
we found significant correlation between an in- 
creased left ventricular internal dimension and con- 
gestive heart failure, some patients with heart failure 
had a normal index (Fig. 6). Other investigators have 
also found a normal value for this dimension in pa- 
tients with clinical signs of heart failure.?5?4 | 

Mitral valve closure: In a series of patients in 
whom the P-R minus mitral valve closure (PR-AC) 
interval was correlated with left ventricular pressure, 
it was found that when mitral valve closure was pro- 
longed enough to reduce the PR-AC interval to 0.06 


second or less the left ventricular end-diastolic pres- - 
sure was 20 mm Hg or greater with an “atrial kick" of - 
at least 8 mm Hg.!? It is not certain that the correla- - 
tion between valve motion and pressure demon- 
strated in patients with chronic disease is as reliable | 
in patients with acute myocardial infarction and a 
wide range of P-R intervals. 

We do not know how often decreased compliance 
was responsible for abnormal mitral valve closure. 
Presumably this was true in the patients with a left 
ventricle of normal size. There wae no significant cor- 
relation between abnormal mitral valve closure and 
either increased left ventricular size or clinical heart. 


` failure based on the presence of rales or a third sound 


gallop, or both. However, abnormal mitral valve clo- 
sure did correlate significantly with the presence of a 
third sound gallop. It is possible that increased left 
ventricular size with heart failure was also responsi- 
ble for increased pressures in many cases. 4 
Predicting mortality: Pulmonary arterial pres- 
sure, capillary wedge pressure and cardiac output 
have been useful in predicting mortality in patients 
with acute infarction.25-?7 Diamond and Forrester,?® 
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using left heart catheterization, have shown a high 


correlation between left ventricular compliance and 
. prognosis in such patients. Investigation of left ven- 


tricular pressure-volume relation in these patients 
has been limited by the lack of an acceptable means 


. of measuring left ventricular volume in acutely ill 


persons. Recently Smith et al.24 studied the volume- 


_ pressure relation (“compliance”) in 14 patients with 


acute myocardial infarction. They used the pulmo- 
nary arterial end-diastolic pressure as the left ven- 


tricular filling pressure and echocardiographic di- 


mensions to determine left ventricular volumes. 'The 


sequential compliance values were more useful than 


either left ventricular filling pressure or left ventricu- 
lar volume in predicting survival in that study. 

We do not know how well our echocardiographic 
volume/pressure ratio represents compliance but our 


results show that it may be useful in predicting mor- 


tality and in following a patient's clinical course. It is 
also unknown whether the combined presence of ab- 


normal mitral valve closure and an increased left . 


ventricular internal dimension at end-diastole on ad- 
mission, which was highly significant in predicting 
mortality, represents predominantly decreased com- 
pliance or heart failure. 

Clinical implications: This study does not prove 
that the echocardiogram accurately reflects left ven- 
tricular volume and end-diastolic pressure. These as- 
sumptions are based on previous studies in patients 
with chronic disease. This study does demonstrate: 
(1) technically adequate echocardiograms can be ob- 
tained in most patients with acute infarction. (2) 
Echocardiography is. a sensitive method of detecting 
abnormalities of left ventricular wall motion corre- 
sponding to the electrocardiographic site of infarc- 
tion. (3) An echocardiographically dilated left ventri- 
cle usually indicates congestive heart failure. (4) 
Echocardiographic measurements and their relation 
to each other are useful in determining prognosis in 
individual patients. 
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Six patients with aortic root dissection proved by angiography, surgery 
or autopsy, and six patients with aortic root dilatation were studied by © 
echocardiography. Echocardiography was diagnostic in five of six pa- 
tients with dissection and suggestive in the sixth, disclosing anterior - 
and posterior dissection in three, anterior dissection in one and posteri- — 
or dissection in one. The recording of a double echo in the aorta was ~ 
the diagnostic feature. Angiography was diagnostic in four of the six — 
patients, yielded a false negative result in one and was not performed 
in one. Six patients with dilatation had an enlarged aortic root by echo- 
cardiography. Left ventricular size, stroke volume, ejection fraction, | 
aortic regurgitant flow and velocity of circumferential fiber shortening | 
were calculated in 11 patients. Echocardiography was extremely help- 
ful in the diagnosis, management and follow-up in patients with aortic 

dissection or dilatation. à 


Echocardiography is a noninvasive harmless bedside diagnostic tech- 
nique. It is therefore especially helpful in the management of acutely 
ill patients and in following up those needing repeated examinations. 
This study reports the echocardiographic findings in 12 patients with 
aortic root dissection or dilatation and the associated abnormalities 
of aortic insufficiency, hemopericardium or abnormal ventricular — 
function. 


Material and Methods 


Twelve patients, six with aortic root dissection and six with aortic root di- 
latation, were studied by echocardiography using a Unirad echocardiograph 
with a 2.5 megacycle transducer. The transducer was located in the usual po- 
sition along the left sternal border and angulated to give four views: (1) the 
aortic root, (2) roll-off from aortic root to mitral valve, (3) the mitral valve, 
and (4) the left ventricular internal dimension. The study was recorded on 
Polaroid" prints or a strip chart recorder. The echocardiograms were evalu- 
ated by (1) examination of the echo patterns, and (2) measurements and cal- 
culations. Left ventricular volumes were calculated by tħe formula EDV = 59 
(LVD) — 153 and ESV = 47 (LVS) — 120,! where EDV = end-diastolic vol- 
ume, LVD = left ventricular diastolic diameter, ESV = end-systolic volume 
and LVS = left ventricular systolic diameter. Aortic regurgitant flow was cal- 
culated by the formula QAr = QAt — QM,” where QAr = aortic regurgitant 
flow, QAt = aortic valve total flow and QM = mitral valve flow. Velocity of 
circumferential fiber shortening was calculated by the formula (LVD-LVS)/ 
dt/LVD,* where dt = duration of minor axis shortening. 

Dissection was confirmed by autopsy (two cases). Angiograms were ob- 
tained in five patients at the time of the echocardiogram; in one (Case 5) an 1 
angiogram 3 months prior to the echocardiogram showed a normal ascending 
aorta. Three patients with dilatation had angiograms showing dilatation and 
aortic insufficiency. The clinical and echocardiographic data are summarized 
in Tables I and II. 
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Results 


Aortic dissection: We found that a double echo 


recorded from the anterior or posterior aortic 


»was diagnostic of aortic dissection. Three patients 
had double echoes both anteriorly and posteriorly 


suggesting circumferential dissection, which 


TABLE I 
| Aortic Root Abnormalities 


found at surgery or autopsy (Fig. 1 to 3). In one pa- , 
tient with a mid-aortic echo extending through sys- 


root tole, an anterior dissection was diagnosed angio- 


graphically and confirmed at surgery (Case 3). One 
patient had a posterior double echo and a posterior 


Was intimal flap by angiogram (Fig. 4). One patient with 


Surgery or 


Case no. Cause Autopsy 


1 Atherosclerosis Both 

2 Cystic medial necrosis Autopsy 
3 Marfan’s syndrome Surgery 
4 Unknown Neither 

5 Marfan’s syndrome Surgery 

6 Aortic stenosis and Neither 


hypertension 


Al Angiogram 
f 0 a a ee ee eee ee eee eee 
Aortic Root Dissection 

SS EET Sa A ee eee eed ty «ee OUI D TIS BOR APR) ee ae) e on PE a E 


1+ Positive 
4+ Negative 
3+ Positive 
0 Positive 
0 Negative 
0 Positive 


* 


Double Echo 


A,P 


Aortic Root 
Diameter 
(cm) 


Fl, AML 


LVE 


de 


me evi as C Mi disait "CR EQ A IP RERA QE NOEL LEO, t QS CERE GR REDI d Ee 
| Aortic Root Dilatation 
C Ma re USC CAE APRILE vae gio a UAE e EV O hoO VH EDRCI did E ee IUE sued qo P iode wr LUNAR S Me Oh 


34- Dilated 
a+ Dilated 
2+ 

0 zs 
4+ Dilated 
2+ Dilated 


6.2 
9:3 


L5] 


A = anterior; Al = clinical aortic insufficiency; AML = anterior mitral leaflet; Fl = flutter; LVE — left ventricular enlargement; P — 


7 Marfan's syndrome Autopsy 
8 Cystic medial necrosis Surgery 
9 Congenital Neither 
10 Marfan's syndrome Neither 
11 Cystic medial necrosis Surgery 
12 Syphilis Neither 
* See text. 
+ = present; — = absent. 
posterior. 
TABLE Il 


Echocardiographic Measurements and Calculations 














Aortic Root AML 
Case Diameter SV Closure ; : 
no. (cm) LVD LVS EDV ESV (QAt) EF Rate QM QAR Vcr Al 
Aortic Root Dissection 
1 4.5 Me At A a A. T" qo 0.40 43 ER 5 1+ 
2 4.2 5.0 3.3 142 38 104 0.73 0.76 62 42 1.14 4+ 
3 4.5 6.0 4.8 199 105 94 0.47 0.60 32 62 0.47 3+ 
4 4.7 4.8 3.8 127 58 69 0.54 0.76 55 14 0.84 0 
5 4.6 3.4 2.9 47 20 27 0.57 0.50 20 —7 0.97 0 
6 5.0 : 5.5 4.6 172 96 76 0.44 1.80 52 24 0.55 0 
Aortic Root Dilatation 
7 6.2 9.5 7.8 437 248 189 0.43 1.80 15 174 0.71 34- 
8 5.3 5.9 3.0 197 21 176 0.89 1.04 45 131 1.20 24- 
E 5.0 5.2 3.8 157 60 97 0.62 0.64 19 78 1.08 24- 
10 4.4 4.4 3.1 107 25 82 0.77 0.84 63 19 1.05 0 
11 4.5 "E 5.1 267 120 147 0.55 1.66 48 99 1.13 44- 
12 4.6 7.8 7.0 307 209 98 0.32 0.96 35 63 0.51 24- 





Al = clinical aortic insufficiency (grade 0 to 4+); AML 
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closure rate — closure rate of anterior leaflet of mitral valve (cm/sec); 
EDV — end-diastolic volume (cc); EF — ejection fraction; ESV — end-systolic volume (cc); LVD — left ventricular diastolic diameter (cm); 
LVS = left ventricular systolic diameter (cm); QAR = aortic regurgitant flow (cc); QAT = aortic valve total flow (cc); QM = mitral valve 
flow (cc); SV = stroke volume (cc); Vcr = velocity of circumferential fiber shortening (cm/sec). 
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aortic root dissection had an abnormal echo pattern 
with multiple echoes from the aorta suggesting thick- 
ening of the aortic wall and dilatation (Case 6). Dis- 
section was not interpreted prospectively from this 
patient’s echocardiogram because of the absence of a 
double echo, but it was confirmed by angiography 2 
weeks later. A subsequent echocardiogram was diag- 
nostic of pericardial effusion (hemopericardium 
found on pericardiocentesis). A later follow-up echo- 
cardiogram indicated healing with thickened aortic 
walls, confirmed by angiography. It is now clear that 
a thickened aortic wall is compatible with, but not di- 
agnostic of dissection. Thickening was seen in acute 
dissection (Case 3), healed dissection (Case 6) and di- 
latation without dissection (Case 7). 

Aortic dilatation: All six patients with dilatation 
had an enlarged aortic root diameter ranging from 4.4 
to 6.2 cm (normal 3.1 to 3.9)? measured between the 
outer margins of the anterior and posterior aortic 
walls. 

Aortic insufficiency: Five of the 12 patients had 
fluttering of the anterior leaflet of the mitral valve, 
and all 5 had aortic insufficiency. Three patients with 
aortic insufficiency did not have such fluttering. 
There was no correlation between the severity of the 
insufficiency and leaflet flutter. 

Table II lists the measurements and calculations 
made in these patients. Patients with aortic insuffi- 
ciency had an increased stroke volume and aortic re- 
gurgitant flow, but there was no correlation between 
aortic insufficiency and ejection fraction, closure rate 


FIGURE 1. Case 1. Aortic dissection. Echocardiogram 
demonstrates multiple parallel discrete echoes in the 
aorta (arrows). The posterior aortic wall (PAo) is dis- 
placed posteriorly into the left atrium (LA) on the roll- 
off view of the aorta to the anterior leaflet of the mitral 
valve (AML) and is not contiguous with this leaflet. 
AAO = anterior aortic wall; EKG = electrocardiogram; 
IVS = interventricular septum; PLV = posterior left 
ventricular wall. 









of the anterior mitral leaflet or velocity of circumfer 
ential fiber shortening. 


Discussion 


Dissecting hematomas occur most frequently 1 
the ascending aorta. More than half of the intim 
tears are located within 2 cm of the aortic valve, and 
mortality is greatest when the tear is in this area.97 
There is a 3 percent incidence rate of sudden death in 
dissecting hematoma and an 83 percent mortality 
rate in 1 month if the lesion is untreated. The dis- 
ease can be rapidly progressive, and up to 66 percent 
of these hematomas may rupture into the pericardial 
sac.’ Furthermore, the dissection may extend weeks 
to months after its onset. A diagnostic tool that can 
examine the aortic root repeatedly at the bedside 
without risk to the patient is therefore highly desir- 
able. Echocardiography of the aortic root fulfills 
these criteria and we found it to be extremely helpful 
in the diagnosis and management of patients with. 
aortic root abnormalities. 

Echocardiography can display the following in an. 
examination of the aortic root: (1) root diameter, (2) 
presence of one or more discrete walls anteriorly or 
posteriorly, (3) width of the aortic wall, (4) the aortic 
cusps. In addition, the echocardiogram visualizes 


changes in the anterior mitral leaflet secondary to 
aortic insufficiency, may demonstrate pericardial 
effusion and permit hemodynamic measurements to 
be performed to evaluate cardiac function. Our re- 
sults indicate that (1) a double echo recorded from 
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the aortic root indicates aortic dissection; (2) the di- 
ameter of the aortic root is accurately determined by 
echocardiography; and (3) patients with aortic insuf- 
ficiency will have increased stroke volume and aortic 
regurgitant flow as calculated from the echocardio- 
gram. 

Validation of method and clinical implications: 
The validity of demonstrating the aortic root and the 
aortic cusps by echocardiography was shown in 1968.8 
Several investigators?-!! have used A and B mode 
scanning to reveal thoracic aneurysms. Measure- 
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ments obtained from suprasternal echocardiography 
using both A and M modes showed excellent correla- 
tion between dimensions found on echocardiography 
and angiography.!? There are two reports of studies 
using the conventional left sternal border view of the 
aortic root. Millward et al.!? reported a case of dis- 
secting hematoma rupturing into the right atrium. 
The aortic root showed anterior and posterior e 
echoes, as seen in three of our cases. Nanda et al^ r 

ported six cases of aortic root dissection. They eta: 
lated three echocardiographic findings allowing de- 
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FIGURE 2. Case 2. Aortic dissection. A, chest film shows prominent ascending aorta. B, aortic angiogram shows dilated aortic root, aortic insuf- 
ficiency and no evidence of dissection. C, echocardiogram shows a double echo both anteriorly and posteriorly (arrows) and reveals an en- 
larged aortic root (6.2 cm). D, echocardiogram shows flutter of the descent slope (E-F) of the anterior mitral valve leaflet (AMVL), indicating aor- 
tic insufficiency. Abbreviations as in Figure 1. 
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finitive diagnosis of dissection: (1) enlargement of the 
aortic root, (2) widening of the anterior wall or sepa- 
ration of the posterior wall, and (3) maintenance of 
parallelism between the separated walls. 

Enlargement of the aortic root was seen in all six of 
our patients with dilatation without dissection; wid- 
ening of the aortic wall was seen in four of the six. Al- 
though parallelism of the double echoes was usually 
seen, it was not complete (Fig. 4). We found that only 
multiple discrete or double echoes arising from the 
anterior or posterior aortic wall, or both, are diag- 
nostic of dissection, particularly when the double 
echoes are not continuous with the septum anteriorly 
or the mitral leaflet posteriorly (Fig. 1, 3 and 4). Dou- 
ble echoes may be seen in calcific aortic stenosis; 
however, they are usually less discrete, and normal 
aortic leaflets are not seen. When dissection is pres- 
ent, normal leaflets may be seen (Fig. 3), thus differ- 
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FIGURE 3. Case 3. Aortic dissection. Echocar- 
diogram on admission. Strip chart record with 
roll-off from anterior mitral valve leaflet to 
aorta. The anterior aortic wall (AAo) is markedly 
thickened. The posterior aortic wall (PAo) is dis- 
placed into the left atrium (LA) with a discrete 
double echo not contiguous with the anterior mi- 
tral leaflet. The patient had circumferential dis- 
section at surgery. AL = aortic leaflets; Diss = 
dissection; NC = noncoronary cusp; PML = 
posterior mitral leaflet; other abbreviations as in 
Figure 1. 


FIGURE 4. Case 5. Aortic dissection. Echocar- 
diogram with roll-off from aorta to anterior mi- 
tral leaflet (AML). There is a double echo poste- 
riorly demonstrating dissection, and the posteri- 
or aortic wall (PAo) is displaced into the left atri- 
um and is not contiguous with the anterior mitral 
leaflet. Abbreviations as in Figures 1 and 3. 
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entiating dissection from calcific aortic stenosis. We 
suggest that all patients suspected of having a dis- 
secting hematoma have echocardiograms in addition 
to angiograms. With the increased risk of angiogra- 
phy (mortality 1.7 percent)!‘ in this disease, echocar- 
diography would be preferable for repeat evaluation 
of these patients. 

Anterior mitral leaflet echoes in aortic regur- 
gitation: As reported previously,! flutter of the an- 
terior leaflet of the mitral valve was diagnostic of aor- 
tic insufficiency (Fig. 2D). However, not all patients 
with aortic insufficiency had flutter of the anterior 
mitral leaflet. Other findings reported in aortic insuf- 
ficiency are an increased descent slope, premature 
closure and delayed opening of the anterior mitral 
leaflet. We found no correlation between descent 
slope and aortic insufficiency (Table II), and one pa- 
tient (Case 9) had premature closure and one (Case 
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10) had delayed opening. We did find a correlation 
between aortic insufficiency and aortic regurgitant 
flow (Table II), although the degree of clinical or an- 
giographic aortic insufficiency did not correlate with 
the magnitude of regurgitant flow. 

In conclusion, echocardiography was diagnostic of 
aortic root dissection in five of six patients and sug- 


gestive in one and thus had a diagnostic accuracy . 


equal to that of angiography. Echocardiography was 
diagnostic in the six patients with aortic root dilata- 
tion. It proved to be of great value in following up 
both groups of patients serially and in managing the 
associated conditions of aortic insufficiency, hemo- 
pericardium and cardiac enlargement. 
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Echocardiographic findings from 10 patients without clinical indications 


of aortic root dissection or aortic valve disease and from 1 patient with 
angiographic confirmation of aortic root dissection are reported and 


compared. Previously reported echocardiographic findings were con- 
firmed in the patient with aortic root dissection. These include (1) a 


widened posterior or anterior aortic wall, or both; (2) parallel motion of ; 
the separated margins of the aortic root walls; and (3) aortic root dila- — f 
tation (42 mm or more at end-systole). However, all three findings 


were also noted in 5 of the 10 patients without clinical indications of 
aortic root dissection or aortic valve disease, and at least two of the 


three findings were noted in the remaining 5 patients. Echocardio- — 


graphic detection of aortic root dissection appears to be most reliable 
when clinical indications of the anomaly are present. 


Echocardiography has proved useful in detecting aortic aneurysms — 


involving the aortic root in patients with clinical indications of this 
potentially lethal disease.'-? However, the echocardiographic pattern 
of aortic root dissection may be seen in patients without clinical evi- 


dence of dissection. This consideration illustrates the need for cau- : 
tion in diagnosing this anomaly by ultrasound unless the clinical . 


course of the patient is consistent with this disorder. 


Methods 


A clinical description of the patients in this study is found in Table I. 

The ultrasonic examinations were conducted utilizing either a Smith-Kline 
Ekoline 20 or a Picker Echoview 10 ultrasonoscope. 'The transducer used in 
all studies was an Aerotech 1.27 cm, 2.25 megacycle, 5 cm focused transducer. 
Continuous recordings were made on an Electronics for Medicine or Honey- 
well 1856 strip chart recorder. 

All measurements were made by the same technique previously reported in 
evaluation of patients with aortic root dissection.! Aortic root width was 
measured from the most anterior echo of the anterior aortic wall to the most 
posterior echo of the posterior aortic wall during systole. Wall thickness was 
measured from the outer limit of each wall to the inner limit of the lesser 
components during systole (Fig. 1). s 


Results 


Aortic root dissection: The single patient with dissection (‘Table 
II, Case 11) had aortic root dilatation (70 mm), increased posterior 
aortic wall thickness (15 mm) and maintenance of parallel motion be- 
tween the separated margins of the aortic walls as described by 
Nanda et al.! Motion of the aortic cusps was normal. The intensity of 
the echoes from the outer portion of the thickened wall was greater 
than those from the inner portion, with the space between the inner 
and outer limits of the thickened wall being filled with nondescript 
echoes. Changes in transducer angle produced variations in aortic 
root and aortic wall width. 
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Patients without dissection: Six of the 10 pa- 
tients without clinical indications of aortic root dis- 
section (Table II) had aortic root enlargement (42 
mm or more at end-systole!). Aortic root width 
ranged from 37 to 47 mm at end-systole. Marked 
thickening (10 mm or more)! of the posterior aortic 


wall at end-systole occurred in 9 of the 10 patients 
without dissection. Posterior aortic wall thickness at 
end-systole ranged from 8 to 11 mm. No patient had 
a thickened anterior aortic wall at end-systole, as 
previously defined in aortic root dissection (16 mm or 
more!) although in three this structure was consider- 


TABLE | 
Clinical Findings 





Case Age (yr) 








no. & Sex Primary Clinical Complaint Clinical Diagnosis Invasive Confirmation Comment 
A. Normal Patients 
1 24M None Normal member of family None No auscultatory 
with history of IHSS abnormalities 
2 71M Fatigue, chest pain CHF None S;, LSB sys M, 
ECG ischemia 
3 63F Fatigue MS None Diastolic rumble?, 
opening snap vs. S; 
4 66M Fatigue, chest pain CHF Cath, angio 3-4+ MR 
5 38M Fatigue Alcoholic myopathy None S, S4, NO murmurs 
6 43F Fatigue CHF None No murmurs, S; 
7 24F Fatigue MS, MR, AR Cath Trivial AR, mild MS, 
mild MR (rheumatic) 
8 58M Hernia Right inguinal hernia None II/IV SEM 
9 32M Fatigue with exercise ASD Cath Secundum ASD (2.5/1) 
10 42M Drug addiction Hypertension, LVF, None SEM, S; 
drug addiction 
B. Aortic Root Dissection 
11 56M Fatigue, back pain AR Cath, angio Rapid onset AR, 


at angio 4+ AR 


Angio = angiography; AR = aortic regurgitation; ASD = atrial septal defect; Cath = cardiac catheterization; CHF = congestive heart 
failure; ECG = electrocardiogram; IHSS = idiopathic hypertrophic subaortic stenosis; LSB = left sternal border; LVF = left ventricular 
failure; MR = mitral regurgitation; MS = mitral stenosis; SEM = systolic ejection murmur; S; = third heart sound; S, = fourth heart 
sound; Sys M = systolic murmur. 


TABLE Il 
Echocardiographic Findings* 





Aortic Root Dimensions (mm) 


Wall Thickness 
Case no. Width Anterior Posterior FDH 
A. Normal Patients 
1 37 5 10 
2 * 42 10 10 AoV 
3 45 3 10 
4 37 9 10 
5 39 12 11 
6 43 10 8 FDH 
7 43 4 10 
8 47 5 11 
9 39 9 11 
10 43 7 13 EcG A BE ears, x A 
ü p as enu 15 FIGURE 1. Schematic representation of an aortic root echogram in 


a patient with a “false dissecting hematoma” (FDH). The thin arrows 
indicate the thickness of the false hematoma, the thick arrows the 

* The echocardiogram revealed normal valve cusps in all width of the aortic root image measured at end-systole. AoV = aor- 
cases. tic valve; ECG — electrocardiogram. 
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„ably widened (10 mm or more*). Anterior aortic wall 
thickness at end-systole ranged from 3 to 12 mm. In 
all 10 patients parallelism was maintained between 
the inner and outer limits of the thickened wall 
throughout the cardiac cycle (Fig. 2). The outer por- 
tion of the thickened wall was more intense than the 
inner portion in all cases (Fig. 2). The space between 
the outer and inner limits of the thickened wall was 
echo-free in two cases. In the remaining eight pa- 
tients this space was filled with nondescript echoes. 
The appearance of the aortic valve cusps was normal 
in all patients, as previously reported,* with their mo- 
tion extending to the periphery of the inner lumen in 
systole (Fig. 2). Motion of at least one valve cusp was 
defined in all patients. 

Changes in transducer angle also produced varia- 
tions in aortic wall thickness in all 10 patients with- 
out clinical indication of aortic root dissection (Fig. 
3). These changes ranged from 3 to 6 mm, with the 
thickness usually decreasing as the transducer was 
directed more superiorly and medially toward the as- 
cending aorta. The width of the aortic root image also 
changed, but in more random fashion. These changes 
ranged from 5 to 11 mm. The more basal angulation 
of the transducer yielded a wider aortic root dimen- 
sion in 6 of the 10 patients; in the remaining 4 pa- 
tients the more basal angle produced little apprecia- 
ble change in aortic root dimension. 


Discussion 


Recently, Nanda et al.! described several echocar- 
diographic criteria for aortic root dissection including 
(1) enlargement of the aortic root (42 mm or more); 
(2) marked thickening (16 to 21 mm) of the anterior 
wall of the aorta at the root level or a wide separation 
of the posterior aortic wall (10 to 13 mm), or both; 
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and (3) maintenance of parallelism between the sepa- A 


rated margins of the walls. Normal motion of the aor- — 
tic valve cusps was also noted in most patients with ' 


aortic root dissection. 


1 


+ 
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The findings in our one patient with aortic root | 


dissection confirm the echocardiographic criteria for 
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FIGURE 2. Case 4. Aortic root echogram from a patient without aor- - 
tic root dissection illustrates two of the three previously reported cri- 


gram. 
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the aortic area. The wide dark arrows indicate aortic root width with the beam pointed more inferiorly. The wide light arrows indicate aortic root 
width with the beam rocked slowly in a superior and medial manner toward the ascending aorta. The thin double-headed arrows indicate aortic 
wall thickness. Note the variability in aortic root width and aortic wall thickness previously reported as consistent with a localized hematoma. 
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FIGURE 4. Schematic representation of theorized ultrasonic pene- 


. tration through the aortic root producing the echocardiographic fea- 


UB 
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tures of a false dissecting hematoma. The transducer position is 
more cephalad on the chest wall than usual. The beam passes 


_ through the fibrous aortic root-membraneous ventricular septum and 


fibrous aortic root-mitral (MV) junctures. Resulting echoes from the 


. anterior and posterior sides of each of these junctures may explain 


the “false dissecting hematomas” described in this report. Varia- 


. tions in the beam angle would result in variable aortic root width as 


the sinuses of Valsalva and other structures were examined. LA — 


. left atrium; LPA = left pulmonary artery; LV = left ventricle: RPA = 
tight pulmonary artery; RV = right ventricle. 
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this anomaly. However, the echocardiographic pat- 


- tern of aortic dissection was also noted in 5 of the 10 
patients with no clinical indication of aortic root dis- 


section. These five patients had (1) aortic root dilata- 


- tion (42 mm or more at end-systole); (2) a thickened 
posterior aortic wall (10 mm or more at end-systole); 
and (3) maintenance of parallel motion of the sepa- 


_ rated margins of the aortic walls. The remaining five 


patients in our series met at least two of the three cri- 
teria for aortic root dissection. Four had a thickened 


. posterior aortic wall and parallel motion of the sepa- 
. rated margins of the widened walls, and one had aor- 


tic root dilatation and parallel motion of a posterior 
aortic wall that was a borderline indication of en- 


largement (8 mm at end-systole). In addition, 3 of the 


10 patients studied had an abnormally thick anterior 


aortic wall (10 to 12 mm)‘ although in none was it as 
thick as in patients with aortic root dissection (16 to 
.21 mm)! (Fig. 2). As in aortic root dissection, the 


echocardiograms of all patients in this series revealed 
some variation in the width of the aortic root or aor- 


tic wall thickness, or both, with slight change in the 
direction of the transducer (Fig. 3). 

One possible explanation for our findings lies in 
the angle of beam penetration through the fibrous 
aortic ring. As seen in Figure 4, it is easy to theorize a 
path of penetration in which an echo is obtained from 
each side of the aortic-mitral junction. An echocardi- 
ogram from this region could demonstrate a false 
double lumen if the movement plane of the region 
were almost perpendicular to the sound beam so as to 
allow reflected echoes from it to return to the trans- 
ducer. This theory would offer some explanation for 
both the absence of these findings in the majority of 
patients and the change in aortic root width as the 
transducer angle is changed (Fig. 3). Angulation 
through various portions of the aortic ring and sinus- 
es of Valsalva might mimic variations in aortic root 
thickness that occur in patients with aortic root dis- 
section as a result of the nonuniform thickness of the 
dissecting hematoma. 

Clinical implications: Perhaps the most useful 
findings previously reported.in patients with aortic 
root dissection are a markedly thickened anterior 
wall (16 to 21 mm) and the presence of clinical indi- 
cations of the disorder. No patient in this series with- 
out aortic root dissection had an anterior aortic wall 
thickness as great as that found in aortic root dissec- 
tion, whereas 9 of the 10 patients without clinical in- 
dication of this disorder had a thickened posterior 
aortic wall. Echocardiographic patterns mimicking 
aortic root dissection were found in only 1 to 2 per- 
cent of the patients studied in this laboratory with- 
out clinical indication of the disorder. When there is 
a clinical indication of dissection, echocardiography 
is probably a very helpful means of detecting the aor- 
tic root dissection if (1) the anterior aortic wall is at 
least 16 mm thick, (2) parallel motion between the 
inner and outer borders of the thickened wall is 
maintained throughout the cardiac cycle, (3) the aor- 
tic root is dilated (42 mm or more), and (4) the clini- 
cal course of the patient is consistent with aortic root 
dissection. 

When aortic root dissection is present, we believe 
that echocardiography is a useful tool in detecting it. 
However, the echocardiographic pattern of aortic 
root dissection is sometimes seen when there is no 
clinical indication of the disorder. Therefore, those 
performing ultrasonic studies should be wary of mak- 
ing the diagnosis on the basis of the echocardiograph- 
ic pattern unless the clinical history is suggestive of 
dissection. This caution could prevent unnecessary 
invasive studies in some cases. 
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Echocardiographic tracings of the pulmonary valve were examined in | 


24 normal subjects, 16 patients with valvular pulmonary stenosis and 3 


patients with infundibular pulmonary stenosis. In normal subjects, atrial — 


contraction produced a slight posterior or opening motion of the pulmo- 
nary valve leaflet (a wave). This presystolic opening motion (a wave) 


varied with respiration, and maximal a wave depth recorded during 4 


quiet inspiration (Amax) averaged 3.7 + 1.2 (standard error of the 


mean) mm (range 2 to 7 mm). In the 10 cases with moderate or se- i 


vere valvular pulmonary stenosis, increased force of right atrial con- 
traction and elevated right ventricular end-diastolic pressure resulted 


in an increased posterior or opening motion of the pulmonary valve - 
leaflet, and Amax averaged 9.6 + 2.0 mm (range 8 to 13 mm, P. 


« 0.001 versus normal). When both anterior and posterior leaflets were 





recorded, presystolic opening or doming of the valve was observed. In — 


six cases of mild valvular pulmonary stenosis, Amax averaged 4 + 2.5 


mm (not significant). In patients with infundibular pulmonary stenosis, - 


marked chaotic systolic fluttering of the valve leaflet, which lies in the 


turbulent stream of blood distal to the obstruction, was recorded. This 


finding was never seen with valvular pulmonary stenosis. In two cases 
of mild infundibular pulmonary stenosis, the amplitude of presystolic 
opening motion was within the normal range of 3 and 7 mm. In one 
case of severe infundibular pulmonary stenosis, no presystolic opening 
motion was recorded, thus suggesting that the small pressure changes 
produced by atrial systole failed to reach the valve leaflets. Echocardi- 
ography, therefore, should be of use in differentiating valvular from in- 
fundibular pulmonary stenosis. 


Obstruction to right ventricular outflow may occur at the valvular, 
infundibular or subinfundibular level.! Valvular pulmonary stenosis 
is characterized by conical or dome-like fusion of the pulmonary 
valve cusps with a central perforation at the apex. Infundibular pul- 
monary stenosis may result from either a discrete fibrous band at the 


^^ 


entrance to the right ventricular outflow tract with post-stenotic dila- . 


tation of the infundibular chamber or more generalized hypertrophy 
of the infundibular musculature with resultant obstruction.? Subin- 
fundibular stenosis is a relatively rare variety of right ventricular out- 
flow obstruction caused by hypertrophic muscle bundles within the 
right ventricular cavity that tend to separate the inflow from the out- 
flow portions of the ventricle.?^ 

The diagnostic value of the echocardiographic motion of the pul- 
monary valve has been suggested in several recent reports.” We have 
been interested in examining the pulmonary valve for the diagnosis of 
valvular pulmonary stenosis.’ While examining a large group of pa- 
tients with clinically suspected pulmonary stenosis, we observed 
three in whom the pattern of pulmonary valve echocardiographic mo- 
tion differed markedly from that which we had previously observed 
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in valvular pulmonary stenosis. In each of these three 
cases the obstruction to right ventricular outflow was 
. determined to be at the infundibular level. This re- 
_ port describes the pattern of pulmonary valve motion 

seen with infundibular pulmonary stenosis and com- 
pares it with the pattern observed in valvular pulmo- 
nary stenosis. 


Materials and Methods 


Echocardiographic tracings of the pulmonary valve were 
examined in three female patients with infundibular pul- 
monary stenosis. Their ages were 10, 18 and 19 years, re- 
spectively. The diagnosis of infundibular pulmonary steno- 
sis was made on the basis of a pressure gradient across the 
right ventricular outflow tract with no gradient at the val- 
vular level and the typical appearance of the lesion on cine- 
angiograms. In Case 1, the peak systolic gradient was 48 
mm Hg. In this case the infundibular obstruction was asso- 
ciated with a small muscular ventricular septal defect with 
a 1.2:1 left to right shunt that was not considered hemody- 
namically significant. In Case 2, a catheter could not be 
passed beyond the infundibular obstruction and the diag- 
nosis was made on the basis of the angiographic demon- 
stration of an area of narrowing of the right ventricular 
outflow tract proximal to the pulmonary valve with normal 
mobility of the valve itself, and a right ventricular systolic 
pressure of 43 mm Hg. In Case 3, the peak systolic gradient 
was 113 mm Hg. In no case was associated valvular pulmo- 
nary stenosis believed to be present. The pattern of pulmo- 
nary valve motion observed in these 3 patients was then 
compared with the valve motion observed in 24 normal pa- 
tients and 16 patients with valvular pulmonary stenosis. Of 
the latter 16 patients, 6 had mild stenosis (gradient less 
than 50 mm Hg), 6 had moderate stenosis (gradient 50 to 
100 mm Hg) and 4 had severe stenosis (gradient more than 
100 mm Hg). 
_ The echocardiographic examination was performed 
with an Ekoline 20A echograph combined with either a 
Honeywell model 1856 fiberoptic strip chart recorder or an 
Electronics for Medicine recorder. A 2.25 megahertz trans- 
ducer with an outer diameter of 1.25 cm focused at 7.5 cm 
was used. Several techniques for examining the pulmonary 
valve have previously been described. The first approach, 
described by Gramiak et al.,° is to locate the aortic valve 
and then, either by angling the transducer cephalad or by 
moving the transducer one interspace higher, to locate the 
supravalvular portion of the aorta. From this high left 
parasternal position, the beam is angled in a lateral and 
cephalad direction. As the image of the aortic wall disap- 
pears, the pulmonary artery becomes visible as an echo-free 
space anterior to the aorta with its anterior border within 1 
to 2 cm of the lower margin of the chest. The posterior 
margin of the pulmonary artery is characteristically visual- 
ized as a wide band of echoes that may lie 2 to 4 cm behind 
the anterior margin of the artery. The pulmonary valve 
cusps appear as thin lines that move within the margin of 
the pulmonary artery. 

The second approach’ is to locate the mitral valve, then 
tilt the transducer superiorly and slightly toward the 
throat, but not far enough to record the aorta. As the ultra- 
sonic beam leaves the left ventricular cavity, a dense mass 
of echoes will be recorded from the region of the right ven- 
tricular outflow tract and the potential space between the 
pulmonary artery and the left atrium. Continuing cepha- 
lad, the echo-free pulmonary artery again will appear 1 to 2 
cm below the anterior chest wall. The valve leaflets are 
then located by gentle scanning within the pulmonary ar- 
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tery. Finally, we have noted that, in patients in whom a . 
pulmonary arterial impulse can be palpated along the left 
sternal border, placing the transducer directly over this im- 
pulse permits ready detection of the pulmonary valve.? In 
each of the three cases of infundibular stenosis a complete 
echocardiographic examination including a recording of the 
tricuspid valve was performed in addition to the pulmo- 
nary valve study. The posterior pulmonary and anterior 
tricuspid leaflets were clearly recorded in each case. Respi- 
ration was timed by an independent observer and the trac- 
ing marked for the duration of inspiration.? 

Because only one pulmonary valve leaflet is usually re- 
corded, the exact duration of right ventricular ejection can- 
not be determined from the pulmonary valve echo alone. 
Since tricuspid valve opening represents the onset of right 
ventricular diastole and follows the termination of right 
ventricular ejection and normal pulmonary valve closure, 
we attempted to relate the point of tricuspid valve opening 
to the pulmonary valve echo to determine the expected 
limit of right ventricular ejection. To do this, the duration 
from the onset of tricuspid valve opening to the Q wave of 
the following QRS complex of the electrocardiogram was 
measured. This measurement was then used to determine 
the point of tricuspid valve opening in pulmonary valve 
complexes of similar cycle length. This point slightly over- 
estimates the point of pulmonary valve closure since it fails 
to allow for isometric relaxation. However, any motion of 
the leaflet continuing beyond this point will obviously ex- 
tend into the diastolic period of the right ventricle. 


Results 
The Normal Pulmonary Valve 


Figure 1A illustrates a normal posterior pulmonary 
valve leaflet recorded throughout several cardiac cy- 
cles. Because of the position of the pulmonary valve 
in the chest and its plane of motion relative to the ul- 
trasonic beam, the echocardiogram usually records 
only one posterior pulmonary valve leaflet. The let- 
tering in this figure is similar to that previously de- 
scribed. The a wave that follows the P wave of the 
electrocardiogram reflects the effect of atrial contrac- 
tion on the pulmonary valve leaflet. That this wave is 
due to atrial contraction has been confirmed by its 
constant relation to the P wave in complete heart 
block and its disappearance with atrial fibrillation. In 
normal patients the a wave depth increases during 
inspiration. In 24 normal subjects, the maximal 
depth of the a wave recorded during quiet respiration 
(Amax) was 3.7 + 1.2 (standard error of the mean) 
mm (range 2 to 7 mm). 

After atrial contraction, the leaflet normally re- 
turns to an initial or closed position (point b) prior to 
the onset of ventricular ejection. In patients with 
deep inspiratory a waves, particularly when the P-R 
interval is short, ventricular ejection may occur with 
the leaflet still partially open. From point b, (the po- 
sition of the valve at the onset of ventricular ejec- 
tion), the leaflet moves rapidly to a fully open posi- 
tion (point c). 

During systole there is a gradual anterior move- 
ment of the leaflet (c-d) followed by rapid diastolic 
closure of the valve (d-e). During diastole, the leaflet 
moves gradually posteriorly to point f, which pre- 
cedes the onset of atrial systole. The anterior systolic 


FIGURE 1. Normal. A, a normal pos- 
terior pulmonary valve leaflet record- 
ed throughout several cardiac cycles. 
The a wave that follows the P wave 
of the electrocardiogram reflects the 
effect of atrial contraction of the pul- 
monary valve leaflet. Point b = the 
position of the leaflet at the onset of 
ventricular ejection; b-c = rapid sys- 
tolic opening of the leaflet; c-d = the 
leaflet in the open position during sys- 
tole; d-e = diastolic closure; e-f = 
leaflets in the closed position during 
diastole; e-e' is a variable finding and 
probably represents transmitted pul- 
sations from the aorta. B, a more 
characteristic normal recording. See 
text. PA — pulmonary artery. 


FIGURE 2. Case 1. Mild pulmonary 
infundibular stenosis. See text. 


(c-d) and posterior diastolic (e-f) slopes of the leaflet 
probably represent pulsatile movement of the pulmo- 
nary artery and valve apparatus. In Figure 1A there 
is further anterior motion from point e-e’. This is a 
variable finding and may represent transmitted pul- 
sations from the aorta. 

Whereas in Figure 1A the leaflet is recorded 
throughout the cardiac cycle, Figure 1B represents 
the more characteristic normal recording. In this 
tracing, the e-f slope, a wave and b point are clearly 
seen. However, as the leaflet approaches the fully 
open position (point c) it is lost in the dense mass of 
echoes recorded from behind the pulmonary artery. 
In these cases, point c, together with the c-d slope 
and diastolic closure (d-e), is not appreciated. When 
the leaflet is recorded during systole in normal 
subjects, the c-d segment is straight. In two of these 
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normal subjects, very fine fluttering of this segment 
was observed. 


Infundibular Pulmonary Stenosis 


In the three cases of infundibular pulmonary ste- 
nosis, a characteristic pattern of pulmonary valve 
motion was observed during systole. In each case, the 
posterior pulmonary valve leaflet opened normally 
with the onset of ventricular ejection. However, im- 
mediately upon reaching the fully open position, the 
leaflet began a gross high-frequency fluttering that 
continued throughout systole and into diastole. In 
each case, cycles occurred where this fluttering was 
interrupted only by the next atrial contraction. 

The magnitude of the a wave reflecting the effect 
of atrial systole on the pulmonary valve was also ex- 
amined in these cases. In Cases 1 and 2 (mild steno- 
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sis), Amax, or the maximal depth of the a wave re- 
corded during normal inspiration, was within the 
normal range of 2 to 7 mm (7 and 3 mm, respective- 
ly). In Case 3 (severe stenosis), no a wave was record- 


Figure 2 illustrates a posterior pulmonary valve 
leaflet recorded from Case 1 (mild infundibular pul- 
monary stenosis). On the left of the tracing a normal 
a wave (7 mm) is recorded. After the a wave, the 
valve opens rapidly with systolic ejection. Immedi- 


~ ately upon reaching a fully open position, the leaflet 


begins a high-frequency fluttering that continues 
throughout systole and into diastole, being terminat- 
ed only by the next a wave (atrial contraction). The 
duration of fluttering in relation to the electrocardio- 


gram is shown between the interrupted lines in the 


last complex. In this case, we were unable to record 
the leaflet throughout the cardiac cycle from one 
transducer position. In this figure, the duration and 
amplitude of the systolic fluttering are clearly seen; 
however, the a wave and systolic opening of the valve 


are poorly recorded. In Figure 3, from the same pa- 
. tient, the a wave and systolic opening of the leaflet 


can be clearly seen. In addition, the normal respirato- 
ry variation in a wave depth is apparent. However, in 
this recording, the leaflet is lost in the latter part of 
systole and the extension of the fluttering into dias- 
tole is not appreciated. 

Figure 4 is a recording from Case 2 (mild infundib- 
ular stenosis). À normal a wave (3 mm) and high-fre- 
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FIGURE 3. Case 1. In this tracing the a wave and systolic opening of 
the leaflet are more clearly seen and the normal respiratory variation 
in a wave depth is apparent. In the first complex on the left, obtained 
during inspiration, a 5 mm a wave is recorded. Fluttering of the leaf- 
let during atrial contraction is also apparent, implying turbulent flow 
of blood distal to the infundibular obstruction during atrial systole. 
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‘quency, very coarse fluttering of the posterior pulmo-. 


nary valve leaflet are again seen. 

Figure 5 is a recording from Case 3 (severe infun- 
dibular stenosis). No a wave is present and, again, 
coarse systolic fluttering extending well into diastole 
is observed. The fluttering in this case is of a similar 
amplitude, but lower frequency than that seen with 
mild stenosis. As in the other two cases, this flutter- 
ing was frequently observed to continue into diastole. 


Valvular Pulmonary Stenosis 


In the six cases with mild valvular pulmonary ste- 
nosis (gradient less than 50 mm Hg), Amax averaged 
4 mm (range 1 to 8 mm) (difference not significant 
from normal). In patients with moderate and severe 
pulmonary stenosis, a marked increase in a wave 
depth was observed. In these 10 cases Amax averaged 
9.6 + 2 mm (range 8 to 13 mm) (P <0.001). In none of 
these cases was the systolic c-d segment or diastolic 
closure (d-e) of the posterior leaflet recorded. 


Discussion 


Systolic fluttering of the pulmonary leaflet in 
infundibular stenosis: The characteristic finding in 
the three patients with infundibular pulmonary ste- 
nosis was a high-frequency, coarse systolic fluttering 
of the pulmonary valve leaflet. This fluttering very 
likely results from the turbulent stream of blood dis- 
tal to the infundibular obstruction striking the pul- 
monary valve. Whereas turbulence distal to a point of 
obstruction will induce vibration in any mobile struc- 
ture exposed to it, this vibration is especially promi- 
nent in poorly supported structures such as valve 
leaflets. In patients with discrete membranous 
subaortic stenosis a similar situation occurs. In these 
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.cases the aortic leaflets lie within the turbulent 
stream of blood distal to the area of obstruction, and 
systolic vibrations or fluttering of these leaflets has 
been described.!? In left-sided lesions this vibration 
or fluttering is limited to the period of systolic ejec- 
tion and terminates with valve closure.!? In each of 
the three cases of infundibular pulmonary stenosis, 
the fluttering appeared to extend well beyond the ex- 
pected end of ventricular ejection. Since both pulmo- 
nary valve leaflets are ordinarily not recorded, we 
were unable to determine the end of ventricular ejec- 
tion directly from the point of pulmonary valve clo- 
sure. However, by determining the point of tricuspid 
valve opening at similar cycle lengths, we were able to 
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FIGURE 5. Case 3. Severe infundibu- 
lar stenosis. See text. 


FIGURE 6. Case with valvular pulmo- 
nary stenosis. Large inspiratory a 
waves can be appreciated after atrial 
systole (solid vertical arrows) in the 
first, second and fourth complexes 
from the left. In these three com- 
plexes ventricular systole (interrupted 
line, fourth complex) occurs with the 
leaflets in an almost fully open posi- 
tion (point b). In addition, the anterior 
pulmonary valve leaflet (APV) can be 
seen to separate from the posterior 
leaflet and move anteriorly after a- 
trial systole, indicating that the large a 
waves do reflect opening or doming 
of the valve. In the third complex re- 
corded during expiration, a normal a 
wave is present, and ventricular sys- 
tole occurs with the valve in a closed 
position (point b). APV = anterior pul- 
monary valve; PPV = posterior pul- 
monary valve; point b = position of 
the valve at the onset of ventricular 
systole. 
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establish end-systole or beginning diastole in the 
right ventricular chamber. When this point was relat- - 
ed to the duration of fluttering, it was evident that - 
fluttering continued well into diastole in each case, | 
frequently being interrupted by the atrial contraction © 
of the next cycle. The exact duration of fluttering be- — 
yond the termination of right ventricular systole 
could not be determined because of the lack of a pre- 
cise point at which fluttering terminates and the fail- 
ure of our method to allow for isometric contraction — 
and relaxation. 

Hemodynamic basis for pulmonary leaflet flut- - 
tering: If fluttering is due to turbulent blood flow — 
and this fluttering continues into diastole, then con- — 
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tinued diastolic flow from the infundibular chamber 
into the pulmonary artery might be implied. In these 


€ cases, the leaflets did return to an initial and presum- 


ably closed or nearly closed position during diastole, 
thus suggesting that if there was continued flow 
across the valve it was of small volume. In addition, 
the amplitude of fluttering decreased during this pe- 


riod. Vogelpoel and Schrire!! demonstrated that pul- 


monary valve closure occurred later in patients with 
infundibular pulmonary stenosis than in patients 
with valvular pulmonary stenosis with similar gradi- 
ents. They recorded a duration from aortic to pulmo- 


— nary valve closure of up to 0.14 second in patients 


oS eT EIS - 
D - ld ap 
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with severe infundibular stenosis. By comparing 
pressure curves from the right ventricular and infun- 
dibular cavities in patients with tetralogy of Fallot, 
these authors!? also demonstrated that systole con- 
tinued for a longer period in the infundibular cham- 


_ber than in the body of the right ventricle. They pos- 


tulated that the prolongation of right ventricular sys- 


tole as measured by the delayed closure of the pul- 
. monary valve was in fact due to late contraction of 


the infundibular chamber. Since the infundibular 
chamber empties into the low pressure pulmonary ar- 
terial system, the occurrence of some diastolic flow 
with resultant fluttering or vibration of the leaflet 
would not be surprising. Alternatively it is possible 
that the high-frequency vibrations in the valve leaf- 
lets during systole are poorly damped by the low pul- 
monary arterial pressures distal to the valve and con- 


- tinue well into diastole. 


Differentiation from valvular pulmonary ste- 
nosis: The pattern of pulmonary valve motion ob- 
served in infundibular pulmonary stenosis is suffi- 
ciently different from that observed in valvular pul- 
monary stenosis to permit ready differentiation of 
the two lesions. In valvular pulmonary stenosis, the 
characteristic changes are related to the magnitude 
or depth of the a wave of the posterior pulmonary 
valve leaflet. The a wave has been shown to be 
caused by right atrial contraction, and its depth is 
thought to be related to. the simultaneous pressures 
existent across the pulmonary valve at peak right 
ventricular end-diastolic pressure after atrial con- 
traction. In mild valvular pulmonary stenosis, a nor- 
mal a wave has been observed (average 4 mm). In 
moderate and severe valvular pulmonary stenosis, 


the increased force of right atrial contraction and in. 
crease in right ventricular end-diastolic pressure oc- 
curring with a normal or low pulmonary arterial pres- 
sure frequently produce a positive end-diastolic gra- 
dient across the valve that results in marked augmen- 
tation in a wave depth (average 9.6 mm). When both 
anterior and posterior leaflets are recorded simulta- 
neously after atrial systole, the anterior leaflet sepa- 
rates from the posterior leaflet and moves anteriorly. 
This indicates that these large a waves represent 
presystolic opening or *doming" of the valve (Fig. 6). 
In addition, we have observed no fluttering of the 
leaflet during systole in patients with valvular pul- 
monary stenosis. This absence of fluttering is to be 
expected since in valvular pulmonary stenosis the 
turbulent stream occurs distal to the obstruction and 
should not affect the valve itself. 

A wave in infundibular versus valvular steno- 
sis: In the two cases of mild infundibular stenosis, a 
normal a wave was recorded. 'This is similar to our 
findings in mild valvular stenosis and we believe that 
it represents the lack of significant hemodynamic 
changes produced by mild lesions. However, in the 
case with severe infundibular stenosis, no a wave was 
recorded. This is the exact opposite of the situation 
with severe valvular stenosis and may imply that the 
severe obstruction below the valve prevents the rela- 
tively small pressure change caused by atrial contrac- 
tion from reaching the valve with enough force to 
produce movement of the leaflets. This suggests then 
that, whereas the a wave in valvular pulmonary ste- 
nosis grows increasingly larger as the lesion becomes 
more severe, the opposite may occur in infundibular 
stenosis, with the a wave becoming smaller and final- 
ly disappearing as the degree of obstruction in- 
creases. In addition, although normal a waves are 
seen in both mild valvular and mild infundibular ste- 
nosis, chaotic systolic fluttering of the valve leaflet 
extending into diastole is seen only with infundibular 
stenosis. Therefore, when pulmonary stenosis is sus- 
pected clinically, these echocardiographic findings 
should serve to distinguish the two lesions. 
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The posteroanterior and lateral chest X-ray films of 64 consecutive pa- — 
tients with an isolated systolic click (55 patients) or a systolic click 

with a late systolic murmur (9 patients) showed a striking frequency of — 
thoracic skeletal abnormalities. There were 50 female and 14 male 

subjects. The average age of the female subjects was 36.7 years . 
(range 13 to 67), that of the male subjects 39.7 years (range 17 to 
56). Seventy-two percent of the female and 78 percent of the male . 
subjects had an anteroposterior/transverse thoracic ratio less than the 
mean ratio in a normal population. Bony abnormalities such as pectus | 
excavatum, straight thoracic spine and scoliosis occurred alone or in — 

combination in 31 of the 50 female patients (62 percent) and in 8 of 
the 14 male patients (57 percent). Overall, 39 of the 64 patients (61 
percent) had at least one of the skeletal abnormalities. Scoliosis oc- 
curred in 25 subjects (39 percent) and was mild in 19. A “straight 
back" was found in 15 (23 percent) and pectus excavatum in 7 pa- — 
tients (11 percent). The explanation for these findings is not apparent. — 
Thoracic cage abnormalities should be included as one of the nonaus- — 
cultatory features of the systolic click-late systolic murmur syndrome. 


Patients with an apical isolated systolic click or a systolic click to- 
gether with a late systolic murmur have many clinical features in 
common. In addition to the auscultatory characteristics (clicks and 
murmurs), certain nonauscultatory features occur with such frequen- 
cy that they collectively constitute a distinct syndrome. These fea- 
tures are unusual forms of chest pain; palpitations; anxiety; light- 
headedness; dyspnea; atrial or ventricular arrhythmias, or both; elec- 
trocardiographic T wave changes and, occasionally, Q waves in the in- 
ferior leads; occasional familial incidence; and a tendency to occur 
more commonly in young women.!-!? We have observed!! still other 
common characteristics in this group: a tendency to narrow antero- 
posterior dimensions of the chest and a high frequency of mild tho- 
racic scoliosis, pectus excavatum or a loss of normal dorsal kyphosis 
of the thoracic spine. This study reports these patterns of chest con- 
figuration as seen in X-ray films of the chest. s 


Material 


Sixty-four consecutive outpatients, referred for evaluation of a systolic 
click or a click with a late systolic murmur, had a complete history, physical 
examination, 12 lead electrocardiogram, phonocardiogram and X-ray exami- 
nation of the chest in posteroanterior and lateral projections. 

The films were reviewed for the presence of thoracic scoliosis and pectus 
excavatum and for the decrease or absence of normal thoracic kyphosis 
("straight back"). Internal dimensions of the chest were recorded in the lat- 
eral view, from the anterior surface of the body of the eighth thoracic verte- 
bra along a perpendicular line to the posterior cortex of the sternum; in the 
posteroanterior view, the transthoracic diameter was measured at the level of 
the diaphragm. The ratio of the anteroposterior to the transthoracic dimen- 
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sion was obtained. Thoracic cage dimensions in 100 normal 
subjects, 50 men and 50 women of similar age, have pre- 
viously been reported and were used for comparison.!? 


Results 


Of the 64 subjects studied, 55 had an isolated sys- 
tolic click, and 9 had a click with a late systolic mur- 












FIGURE 2. Patient with mild thoracic scoliosis and late systolic click and murmur. A, chest X-ray film in posteroanterior and lateral projections. ‘ 


mur. In 24 (44 percent) of the 55 patients with an iso- , 
lated click, a late systolic apical murmur did develop 
with provocative maneuvers, such as standing erect, 
exercise, the Valsalva maneuver or the infusion of a 
vasopressor. There were 50 female and 14 male p" 
subjects. 

The 50 female subjects ranged in age from 13 to 67 


FIGURE 1. Patient with severe scoliosis of 

spine and mid-systolic click. A, chest X-ray film 

in posteroanterior and lateral projections. B, 3 
phonocardiogram. APEX = apex phonocardio- | 
gram; CAR. = carotid pulse tracing; EKG = 
electrocardiogram; sc — systolic click. 


| 


B, phonocardiogram. In most patients with scoliosis, the condition was mild. 4 LICS = fourth left intercostal space. 
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Thoracic Skeletal Abnormalities in Patients with a Systolic Click or a Systolic Click with a Late Systolic Murmur 
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Patients 
Female Male Total 
no. 06 no. 06 no. 06 
V BIR WSN E Cee MRP ot NR SED Ee OC ER Oe UIS IS Mee ILC Sc rM du EDESRC RED De ER nue ac E HIIS sis 

Number 50 14 64 
Age (yr) 

Range 13-67 17-56 13-67 

Average 36.7 39.7 37.4 
Scoliosis 20 40 5 36 25 39 
“Straight back’’ 11 22 4 29 15 23 
Pectus excavatum 7 14 0 0 7 11 
Any of above 31 62 8 57 39 61 


years (average 36.7) (Table I). In these subjects, the 
chest X-ray films revealed the following prevalence 
of the three specific chest configurations: scoliosis in 
20 subjects (40 percent), “straight back” in 11 (22 
percent) and pectus excavatum in 7 (14 percent). At 
least one of the three findings occurred in 31 of these 
subjects (62 percent). The average ratio of the an- 
teroposterior dimension to the transverse dimension 
of the chest was 43 percent. Thirty-six female 
subjects (72 percent) had a ratio less than the mean 
ratio for normal women (45.7 percent) (Table II). 

The 14 male patients ranged in age from 17 to 56 
years (average 39.7) (Table I). Scoliosis was present 
in 5 (36 percent), “straight back” in 4 (29 percent) 
and pectus excavatum in none. The average antero- 
posterior/transverse ratio was 43 percent, and in 11 
men (78 percent) this ratio was less than the mean 
ratio for normal men (47 percent) (Table II). 

In the entire group of 64 subjects, 39 (61 percent) 
had at least one of the thoracic skeletal abnormali- 
ties; scoliosis was the most common defect, occurring 
in 25 subjects (39 percent) (Table I). It was moderate 
to severe (Fig. 1) in 6, and mild (Fig. 2) in 19. 
“Straight back” was observed in 15 patients (23 per- 


i 


— second left intercostal space. 





TABLE Il 


Chest Configuration in 64 Patients with a Systolic Click or a - é 


Systolic Click with a Late Systolic Murmur 


Patients 


Female Male Total 


Mean anteroposterior/transverse 
thoracic ratio (%) 


Patients 43 43 
Normal population 45.7 47 
Patients with ratio less than the mean 
ratio in normal population 
Number 36 11 47 
Percent 72 78 73 


cent) (Fig. 3) and pectus excavatum in 7 (11 percent) 
(Fig. 4). Forty-seven subjects (73 percent) had an an- 
teroposterior/transverse ratio less than the normal 
mean ratio for persons of their sex (Table II). Eight 
of the 64 patients (12.5 percent) had two of the bony 
thoracic abnormalities. None had the musculoskele- 
tal or ocular manifestations typical of the Marfan 
syndrome. 
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5 s excavatum and multiple systolic clicks. A, chest X-ray film showing reduced ante- 
roposterior dimension of the chest, alth£ pace behind the heart excludes cardiac compression. B, phonocardiogram. 2 LICS 
cre 
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FIGURE 4. Patient with pectus excavatum and multiple systolic clicks. A, chest X-ray film in posteroanterior and lateral views. B, phonocardio- 


gram. 


Discussion 


T Prevalence of thoracic cage abnormalities: Ab- 
- normalities of the bony thorax are relatively common 
. in the adult population. Although their presence does 
— not imply associated cardiac disease,!?!4 some tho- 
racic abnormalities, notably scoliosis and kyphosis, 
have been associated with other congenital anoma- 
lies, such as hiatus hernia.!?16 

Narrow anteroposterior dimensions of the chest in 
mitral regurgitation have been previously noted, 
women with mild mitral regurgitation having been 
said to be “short, thin, and flat-chested.”!© The 73 
percent rate of reduced anteroposterior/transverse 
thoracic ratios in our cases substantiates the typical 
“flatness” of the thorax in this population. Although 
measurements of body height and weight were not 
made, it has been our distinct impression that young 
patients with a systolic click and late systolic mur- 
mur are usually of slender build. 

Thoracic abnormalities have been a point of inter- 
est in patients with a systolic click because these 
clicks were originally thought to be extracardiac in 
origin.!?-?? It was proposed that thoracic deformities 
might cause external compression of the heart, creat- 
ing a clicking sound as the heart contracted and ro- 
tated during systole. However, the mitral valve origin 
of the clicks has been convincingly demonstrated by 
angiography,?'?? echocardiography???^4 and intracar- 
diac phonocardiography,?»?6 and there is little evi- 
dence to substantiate their extracardiac origin. 

Our data indicate that certain patterns of thoracic 
configuration are commonly seen in the systolic click- 
late systolic murmur syndrome. T'wenty-five patients 
(39 percent) had scoliosis, and it was mild in 19. Fif- 
teen subjects (23 percent) had lost the normal dorsal 
kyphosis of the thoracic spine and were said to have a 
"straight back." Seven patients (11 percent) had a 
pectus excavatum. Thirty-nine (61 percent) had at 
least one of these defects, and eight (12.5 percent) 
had two of the defects. None had a severe thoracic le- 
sion. Despite the narrow internal anteroposterior di- 
mension of the thorax, the heart was not “trapped” 
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between the sternum and the spine in any case be- 
cause there was adequate space either anterior or 
posterior to the heart. In no case did the thoracic 
configuration appear to be causing an extracardiac 
click. 

'The patients in this study were taken consecutive- 
ly as they were referred for evaluation and thus rep- 
resent a random sample of patients with the systolic 
click-late systolic murmur syndrome. They were pre- 
dominantly voung and female, as has been reported 
by others.^6 However, the male patients manifested 
all the thoracic abnormalities of the female patients, 
with the exception of pectus excavatum. 

Embryologic basis for association of systolic 
click and thoracic abnormalities: The explanation 
for the correlation between the auscultatory findings 
in the syndrome and these types of thoracic configu- 
ration is not known. It has been suggested that pa- 
tients with myxomatous changes in the mitral valve, 
some of whom had pectus excavatum or scoliosis, ac- 
tually are manifesting a forme fruste of the Marfan 
syndrome, having a basic connective tissue disorder 
that leads to myxomatous changes in the mitral valve 
and skeletal abnormalities.?^?9 On the other hand, 
there may be an embryologic explanation for this co- 
incidence of findings because the primordia of the 
mitral valve undergoes differentiation to its final 
form between the 35th and 42nd day of fetal develop- 
ment, at the time that the vertebral column and tho- 
racic cage are beginning their chondrification and 
ossification.?5?9? Any influence on growth patterns at 
that stage of development might affect both the mi- 
tral valve and the bony thorax. 

'The nonauscultatory features that should be added 
to the findings commonly seen in the systolic click- 
late systolic murmur syndrome are a chest configura- 
tion with a narrowed anteroposterior dimension and 
the frequent occurrence of scoliosis, “straight back" 
and pectus excavatum. 
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Idiopathic prolapse of the mitral valve is a common disorder, but many 
cases are Clinically subtle. Thoracic skeletal abnormalities, reported 
recently to accompany the syndrome, may serve as an easily identifia- 
ble clinical indicator. The prevalence of these abnormalities was de- 
fined in 24 patients with proved prolapse of the mitral valve. The valvu- 
lar syndrome was defined clinically, by echocardiography and, in 
seven cases, by left ventricular angiography. The skeletal deformities 
were defined clinically and radiographically. Pectus excavatum was 
present in 62 percent of the patients, “straight back" in 17 percent 
and severe scoliosis in 8 percent. Eighteen of the 24 patients (75 per- 
cent) had a definite thoracic skeletal deformity. The association of id- 
iopathic prolapse of the mitral valve with these skeletal deformities 
may represent a forme fruste of Marfan's syndrome. Patients with 
"straight back" and pectus excavatum should be examined clinically 
and perhaps by echocardiography to exclude idiopathic prolapse of the 
mitral valve; when murmurs are present, a diagnosis of **pseudoheart 
disease" should not be made before mitral valve prolapse has been 
excluded. 


Since the earlier reports of Barlow et al. describing a new syndrome 
of prolapse of the mitral valve, numerous communications have de- 
scribed its clinical? pathologic,9" echocardiographic?? and angio- 
graphic’! characteristics. The syndrome is now recognized with in- 
creasing frequency and is probably a very common disorder. The 
classic case presenting with nonejection click and late systolic mur- 
mur is readily identified. However, many cases are more subtle, and a 
high level of suspicion and various clinical maneuvers? are required to 
detect the click and the murmur, which may be variable!? and evan- 
escent. An easily identifiable clinical indicator is needed to suggest 
which patients may have mitral valve prolapse so that a more careful 
and complete examination is conducted. Thoracic skeletal abnormali- 
ties, which were reported recently to accompany mitral valve pro- 
lapse,!^!5 can serve as such an indicator. This report defines the 
prevalence of these skeletal abnormalities in our patients with pro- 
lapse of the mitral valve. 


Material and Methods 


The records were reviewed of all patients in the cardiology units of Strong 
Memorial Hospital and Rochester General Hospital from 1970 through 1972 
who were found to have prolapse of the mitral valve. Patients with prolapse 
of known origin (Marfan's syndrome, rheumatic heart disease, coronary ar- 
tery disease and chest trauma) were excluded. Twenty-four patients were 
found to have idiopathic prolapse of the mitral valve. Fourteen patients were 
female and 10 were male. The average age was 34 years (range 6 to 72). Clini- 
cal evaluation included assessment of the thoracic habitus (pectus excav- 
atum, kyphoscoliosis, loss of the physiologic thoracic kyphosis, shallow chest) 
and auscultation in the supine and upright positions and during the Valsalva 
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maneuver. Phonocardiograms were recorded in 21 patients. or and transverse diameters was calculated. The presence 
` Standard posteroanterior and lateral chest X-ray films of pectus excavatum was determined from the chest X-ray 
were obtained in each case. Anteroposterior diameter of the films and the condition was quantitated as either mild or 
chest at the level of the eighth thoracic vertebra and severe. *Straight back" was defined by the following crite- 
transverse diameter at the level of the dome of the dia- ria: (1) loss of the physiologic thoracic kyphosis, and (2) an- 
phragm were measured, and the ratio of the anteroposteri- teroposterior diameter of the chest and anteroposterior 


fe 


+4 


TH ++- 


RS 


Lei 
‘ i deren +- 


| 


d 
1 | l 


MA T NE 
ETEHTBRTUTDIAT 111] 





+ s 
pm a +- 4 ; 
- m -—— * * * + 
tee , $ 
^ * * $ 

= CAROTID 
— . t T * $ 

4 + . , b: * $ t 

* * . $ t * $ * 

4—4 * $ $ + 
+ 


* * 
pr À ——9— +--+ E 
^ B $ 1 





FIGURE 1. Case 16. Left, lateral chest X-ray film demonstrates a short 
anteroposterior diameter and loss of the physiologic thoracic kyphosis, 
the characteristic stigmata of “straight back". Above, phonocardio- 
gram shows a nonejection click followed by a short late systolic mur- 
mur. 








FIGURE 2. Case 2. Above, lateral chest X-ray 
film shows prominent pectus excavatum. Right, 
echocardiogram of mitral valve shows a poste- 
rior “step” in late systole, characteristic of mi- 
tral valve prolapse. The arrow marks the onset 
of the posterior displacement. 
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TABLE | 
Clinical, Radiographic and Laboratory Data 


* 
- Case Age (yr) St. EMPTIS 
.. n0. & Sex Click Murmur Echo Angio Pectus Back cm 06 Comments 
1 44F + + MVP owe +S — 11.5/27 42 
er. 35F + -— MVP Ld +M — 13.5/29 46 
Bs ?3 40F + + MVP y +M + 8.5/32 26 
bs o4 46F + + MVP MVP +M — 10/25.5 39 
5 45F + + MVP MVP +M — 12.3/26.8 46 
6 35F — + MVP MVP — -+ 6.8/22.8 30 
7 18F + + MVP SA - —1 10.5/25.5 41 
8 18F -+ ES MVP "e = — 12.5/27.7 45 
9 40F + — MVP i. +M — 15.1/26 58 
10 26F +o ES MVP m +M —1 11/27.5 40 Loss of thoracic kyphosis 
11 35F -— -— A MVP +M — 8/24.6 32 
12 27F + ES MVP eu +S — 11.6/25.6 45 
13 6F e T MVP iue — — Na 7 Severe scoliosis 
14 27F + c MVP je. +S -— 11/29.2 38 
15 24M + + MVP MVP — —T1 13.6/32.6 42 Anterior flaring of lower 
thoracic cage 
16 19M + + MVP MVP +S 4 9/32 28 
17 17M — zz MVP eo — — 14.7/33.5 44 
18 17M -— + MVP ri +S EH 7/24 29 
19 45M + + ee At +S = 14.5/32.5 45 
20 43M + ES Yi MVP — = 16/29 55 
21 54M p +- MVP Ps. — — 15/32.5 46 
22 51M 4 + MVP Ps +S =- 12/29.5 41 
23 32M + + MVP a +S -— 12/31 39 
24 72M + + MVP LA — -— verd od Severe scoliosis 


*Not determined in Cases 13 and 24 because of severe scoliosis. 


+ These patients had clinical features of ‘‘straight back," but their condition did not fulfill the strict radiographic criteria. 


— = absent; + = present; +M = marked; +S = slight. 


Angio = angiocardiography; AP/Trans. = ratio of anteroposterior to transverse diameter of the chest as measured on chest X-ray 
film; Echo = echocardiography; MVP = mitral valve prolapse; Pectus = pectus excavatum; St. Back = ''straight back."' 


transverse diameter ratio smaller than 2 standard devia- 
tions from the normal mean as reported by Twigg et al.!6 
Echocardiograms, recorded in 21 patients, were reviewed 
for mitral valve prolapse, utilizing previously published cri- 
teria. Left ventricular angiography was performed in the 
right anterior oblique projection in seven patients, and the 
description of prolapse of the mitral valve as discussed by 
Jeresaty!! and Ranganathan et al.!? was used to define this 
abnormality. 


Results 


All 24 patients had the characteristic auscultatory 
features of mitral valve prolapse—mid-late systolic 
click or late systolic apical murmur, or both—and the 
findings were confirmed by phonocardiography in 21 
(Fig. 1). Echocardiographic confirmation was ob- 
tained in all 21 patients studied by this technique 
(Fig. 2). Prolapse of the mitral valve with mild to 
moderate mitral regurgitation was demonstrated by 
left ventricular angiography in all seven patients who 
underwent cardiac catheterization (Table I, Fig. 3). 

Pectus excavatum (Fig. 2 and 3) was observed ra- 
diographically in 15 of 24 patients (62 percent). 
“Straight back” (Fig. 1) was present in four patients 
(17 percent). Two additional patients (8 percent) had 
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severe scoliosis. Three patients had a combination of 
two abnormalities. Six patients (25 percent) had no 
definite chest deformity; two of these and a third pa- 
tient with pectus excavatum had clinical features of 
“straight back,” but their condition did not meet the 
strict radiographic criteria. Therefore, 18 of the 24 
patients (75 percent) manifested a definite thoracic 
skeletal deformity and 2 had a probable deformity 
(Table II). The mean anteroposterior diameter of the 
chest and the mean anteroposterior transverse diam- 
eter ratio of these 24 patients were decreased as com- 
pared with normal standards (Table III), but the dif- 
ferences were not statistically significant. 


Discussion 


At least 75 percent of the patients in our series had 
skeletal thoracic deformities, thereby confirming the 
initial observations of DeLeon and Ronan,'* who re- 
ported a similar prevalence rate of 78 percent. A 
more recent communication mentioned a lower 
though still significant prevalence rate of 47 per- 
cent.^ We found pectus excavatum to be the most 
common deformity (62 percent) followed by “straight 
back" (17 percent) and scoliosis (8 percent). There 


— 


`- 


FIGURE 3. Case 4. Left, lateral chest 
X-ray film demonstrates marked pec- 
tus excavatum. Right, frame from the 
left ventricular angiogram shows the 
ventricle in late systole in the right an- 
terior oblique view. The scalloped ap- 
pearance of the mitral valve prolaps- 
ing into the left atrium is readily seen. 


TABLE II 


Prevalence of Thoracic Skeletal Abnormalities 


Patients 














All Patients 
no X A,A no. % 


Females Males 








Total patients 14 100 10 100 24 100 
Pectus excavatum 10 71 5 50 15 62 
"Straight back" 2 14 2 20 4* 17 
Scoliosis 1 7 1 10 2 8 
Any deformity 12 86 6 60 18 75 





* Three additional patients had clinical features of ''straight 
back," but their condition did not meet the radiographic criteria. 


was no significant difference between the female and 
male patients. 

Even though mitral valve prolapse occurs in pa- 
tients with normal body build, it seems to be more 
frequently associated with asthenic habitus, pectus 
excavatum, “straight back" and, occasionally, ky- 
phoscoliosis. These skeletal deformities may provide 
the easily identifiable clinical indicator that is neces- 
sary to arouse suspicion of mitral valve deformity 
and lead to more accurate definition of the disease. 

These abnormalities are reminiscent of Marfan’s 
syndrome, in which there is frequently prolapse of 
the mitral valve!’:!® as well as pectus excavatum and 
kyphoscoliosis.!9 Moreover, the mucoid degenerative 
changes described in patients with mitral valve pro- 
lapse and Marfan's syndrome are very similar.9/^?0 
One is tempted to postulate that the same mesenchy- 
mal heredity that determines the skeletal habitus 
also affects the mitral valve, resulting in weakening 
and stretching of the chordae tendineae, loss of leaf- 
let support and eventual development of prolapse of 
the valve leaflets. 

Patients with pectus excavatum or “straight back” 
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TABLE Ill 


Radiographic Diameters of the Thorax (mean + 1 
standard deviation) 


AP AP/Trans 
(cm) (96) 
Female subjects 
Present series 10.94 + 2.26 40.61 + 8.22 
Normal* 11.96 + 1.62 45.7 + 6.67 
NS NS 
Male subjects 
Present series 12.64 + 2.98 41.00 + 8.39 
Normal* 14.20 + 1.69 47.0 + 5.15 
NS NS 





* Normal standards as reported by Twigg et al." 

AP — mean anteroposterior diameter of the chest; AP/Trans 
— mean ratio of anteroposterior to transverse diameter of the 
chest; NS — no significant difference between data in present 
series and normal standards. 


occasionally manifest right ventricular hemodynamic 
restrictive phenomena,?'?? probably as a result of 
*pancaking" of the heart within the shallow chest. 
Mechanical pressure on the heart could account for 
mitral valve distortion in only a small number of pa- 
tients with an extremely shallow chest and is proba- 
bly not a significant factor in the etiology of mitral 
valve prolapse. 

Both “straight back" and pectüs excavatum have 
been shown to be associated with *pseudoheart dis- 
ease." The murmurs of the "straight back" syndrome 
are of basal and pulmonary location,?? whereas in 
pectus excavatum murmurs can also be heard at the 
apex?! and could be confused with those of mitral 
valve prolapse. Since these rather rare skeletal ab- 
normalities are very prevalent in patients with pro- 
lapse of the mitral valve, patients should not be diag- 
nosed as having "pseudoheart disease" until valve 
prolapse has been excluded. 
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Clinical implications: It is apparent that many 
patients (75 percent in our series) with mitral valve 
prolapse have easily recognizable chest wall and tho- 
racic spine abnormalities that should alert the physi- 
cian to consider mitral valve disease. Careful auscul- 
tation of the heart will almost invariably reveal the 


` 


correct diagnosis, which can be substantiated by pho- . 
nocardiography, echocardiography and, in selected 
cases, angiocardiography. The identification of these 
patients is extremely important since they tend to 
have potentially fatal ventricular arrhythmias?3-25 
and are predisposed to bacterial endocarditis.2®27 
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The role of a critical myocardial mass required to maintain ventricular | 
fibrillation initiated by rapid ventricular pacing was studied by two . 
methods in dogs placed on total cardiopulmonary bypass. In the first 
method, depolarization of a limited myocardial mass was accom- 
plished by injecting potassium chloride into one or two coronary arte- — 
ries. Injection of potassium chloride simultaneously into the left circum- — 
flex and left anterior descending coronary arteries abolished ventricu- 
lar fibrillation more often than did injection into any other single or — 
combination of two coronary arteries (P <0.0001). Ventricular fibrilla- - 
tion could not be reinitiated as long as the left ventricle remained inex- 
citable. Immersing the heart in a solution of potassium chloride or in- - 
jecting the solution into the right and left ventricular cavities failed to — 
terminate ventricular fibrillation. The second method evaluated the . 
amount of current necessary to terminate ventricular fibrillation when — 
the current was passed between two right ventricular electrodes, be- 
tween two left ventricular electrodes and between one right ventricular - 
and one left ventricular electrode. Electrical shocks of equal magni- ; 
tude terminated ventricular fibrillation most often when those shocks . 
were delivered between an electrode located at the right ventricular | 
apex and an electrode located at the posterior base of the left ventri- 
cle, and least often when the shock was delivered between two right 
ventricular electrodes. Successful defibrillation results when a critical 
amount of myocardium becomes depolarized by either potassium chlo- 
ride or electrical discharge; depolarization of every cell in both ventri- 
cles is not necessary to terminate ventricular fibrillation in the entire 
heart. 


Although the explanation for the pathogenesis of self-sustained fi- 
brillation remains divided between the ectopic focus and reentry 
theories,!-? much evidence exists to substantiate the need for a criti- 
cal myocardial mass to maintain self-sustained fibrillation. A critical 
mass represents the amount of myocardium that must be present and 
excitable for fibrillation to continue spontaneously. In the late 1800's, 
McWilliam‘ and Porter? noted that ventricular fikrillation was more 
easily supported in larger hearts and, in 1914, Garrey? demonstrated 
that when pieces of ventricular muscle with a surface area of less than: 
4 cm? were shaved from the wall of the fibrillating left ventricle, these 
pieces stopped fibrillating. The remaining portion of the ventricle 
continued to fibrillate until three fourths of the ventricular mass had 
been removed. In other experiments, after appropriate cuts divided 
the fibrillating heart into the right ventricle, interventricular septum 
and left ventricle, the right ventricle stopped fibrillating while fibril- 
lation in the larger masses continued. 

'The purpose of this study was to test whether ventricular fibrilla- 
tion can be terminated in the intact heart in situ by depolarizing only 
a limited population of cells. If ventricular fibrillation can be termi- 
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nated in such a fashion, it indicates that the remain- 
ing excitable cells represent a critical mass that is in- 


- sufficient to maintain self-supported ventricular fi- 


ha 
E 


brillation. Such a concept has been suggested to ex- 
plain observations recorded during defibrillation 
studies in dogs using an intracavitary catheter elec- 
trode.’ The results of our study provide direct proof 
in support of this concept. 

Two types of experiments were devised. In one 
group of dogs we employed a solution of potassium 
chloride to depolarize a limited mass of myocardium 
by bolus injection of the solution into the right, left 
anterior descending or circumflex coronary artery. In 
the second group of dogs, we determined the amount 
of current and voltage necessary to terminate ven- 
tricular fibrillation in the entire heart when the cur- 
rent was passed in the form of a trapezoidal wave be- 
tween two electrodes sewn on the right ventricle, be- 


. tween two electrodes sewn on the left ventricle and 


between various combinations of one right ventricu- 
lar and one left ventricular electrode. 


Methods 


Healthy mongrel dogs of either sex weighing 15 to 30 kg 
were anesthetized with secobarbital (30 mg/kg body 
weight), intubated and ventilated with a Harvard respira- 
tor at a rate and tidal volume predicted from a nomogram. 
The chest was opened in the midline, and the pericardium 


. was incised and retracted to cradle the heart. 


Total cardiopulmonary bypass was achieved in both 
groups of animals. After ligation of the azygous vein and 
administration of heparin (3 mg/kg intravenously), large 
bore catheters to collect venous blood were inserted into 
the superior and inferior venae cavae through a right atri- 
otomy and secured by purse-string sutures. Umbilical 
tapes, placed loosely around the venae cavae, were later 
tightened to direct all venous blood returning in the venae 
cavae into the venous catheters. Blood was also collected 
from a suction catheter placed in the chest cavity and from 
a left ventricular vent catheter and pumped (Sigma motor 
model T65, Leland Electric) into a filtered cardiotomy res- 
ervoir (model Q120, Bentley Laboratory) that emptied into 
the venous return line. Venous blood was drained by gravi- 
ty into a disposable blood oxygenator (pediatric size Temp- 
trol, model Q110, Bentley Laboratory), primed with saline 
and Ringer's lactate solution through which 100 percent 
oxygen was bubbled. The blood, warmed and oxygenated in 
the Temptrol oxygenator, was pumped by a finger pump 
(Sigma motor model TMI, Leland Electric) into a large ar- 
terial perfusion catheter that had been placed in the ab- 
dominal aorta by way of the femoral artery. Arterial flow 
rates were kept between 2 and 3 liters/min. 

Systemic blood pressure was monitored on an oscillo- 


scope by means of a strain gauge transducer (Statham 


23BD) that was connected to an indwelling catheter placed 
in the carotid artery. Mean systolic blood pressure was 
maintained between 45 and 65 mm Hg by adjusting venous 
return, altering arterial flow rate or by infusing normal sa- 
line solution; vasopressors were not used. The body tem- 
perature of the dogs was kept between 98 and 101? F. Peri- 
odic blood gas and electrolyte determinations during the 
experiments revealed that partial pressure of oxygen was 
always greater than 100 mm Hg. Initial hypokalemia in 
some animals, possibly related to hyperventilation before 
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institution of cardiopulmonary bypass, was gradually cor- : 


rected. In the group of dogs that received intraarterial in- 
jections of potassium chloride, serum potassium concentra- 
tions slowly rose and reached levels of 5 to 7 mEg/liter by 
the end of the experiment. In the second group of animals, 
serum potassium levels gradually rose toward normal but 
rarely exceeded 4 mEq/liter. Plasma levels of sodium and 
chloride became elevated as a result of saline infusion. Ar- 
terial pH was kept above 7.25 with periodic infusion of so- 
dium bicarbonate. The hematocrit level fell in most dogs as 
a result of blood loss, pump-induced hemolysis and dilu- 
tion with saline infusion. However, the experimental re- 
sults we obtained cannot be ascribed to metabolic or hema- 
tologic imbalances since comparisons were made between 
interventions performed in the same animal within limited 
time periods, during which abnormal metabolic or hemato- 
logic status would be expected to affect the entire heart 
more or less equally. 

Electrical activity was recorded with bipolar J-shaped 
electrodes that were hooked into the epicardium of the 
right or left atrium, or both, and in the following epicardial 
ventricular sites: high right ventricle near the outflow tract, 
low right ventricle along the inferior border, posterobasal 
left ventricle, in the lateral free wall of the left ventricle ad- 
jacent to the interventricular septum, and apex of the left 
ventricle. The latter two left ventricular electrodes were 
placed to reflect distribution of the left anterior descending 
coronary artery, whereas the posterobasal electrode reflect- 
ed distribution of the circumflex artery. Bipolar electrical 
activity was filtered between 40 and 500 hertz, displayed 
along with lead II of the electrocardiogram on a switched 
beam oscilloscope (DR8, Electronics for Medicine), and re- 
corded on photographic paper at speeds of 50 and 100 
mm/sec. 

After the animal was placed on total cardiopulmonary 
bypass, we initiated ventricular fibrillation by rapidly stim- 
ulating either the right or left ventricle at rates of 20 to 100 
times/sec for 5 to 30 seconds. Stimuli, obtained from a 
pulse generator through an isolation transformer (Digipul- 
ser, model 830; Isopulser, model 850, WP Instrument, Inc.), 
were rectangular pulses of 2 msec duration delivered over 
bipolar electrodes at an intensity of 1 1/2 to 2 times the di- 
astolic threshold. In the potassium studies, stimuli of 30 
volts and 5 milliamperes were sometimes used. 

Ventricular fibrillation was considered present when to- 
tally disorganized ventricular activity continued sponta- 
neously for a minimum of 15 to 30 seconds after cessation 
of ventricular stimulation. Ventricular fibrillation was con- 
sidered terminated when either organized electrical activity 
or complete absence of all electrical activity replaced ven- 
tricular fibrillation for more than 5 seconds, simultaneous- 
ly in all five of the epicardial ventricular leads and lead II. 


Potassium Studies 


In the initial group of eight dogs treated with potassium 
chloride infusion, polyethylene tubing (22 gauge, Deseret) 
was inserted by way of a small arteriotomy into the right 
coronary artery near its origin and into the midportion of 
the left anterior descending coronary artery. The tip of the 
tubing in the latter vessel was advanced in retrograde man- 
ner to the bifurcation of the main left coronary artery, 
where a single potassium chloride injection depolarized 
ventricular muscle located in areas perfused by both the 
circumflex and left anterior descending coronary arteries. 
Brief occlusion at the origin of the right coronary artery 
during retrograde infusion into the left anterior descending 


E 


' artery prevented reflux of potassium chloride into the for- 


mer vessel, so that the solution perfused primarily the left 
ventricle. If only the anterior or posterior left ventricular 
recording, but not both, was affected by the potassium 
chloride, the infusion was considered a single vessel infu- 
sion made into either the left anterior descending or cir- 
cumflex coronary artery, respectively. In order to perfuse 
these vessels separately, in the final group of six animals 
subjected to potassium chloride infusion, the origins of the 
right, left anterior descending and circumflex coronary ar- 
teries were dissected free from the epicardium and each 
vessel was cannulated individually. The tips of the tubing, 
located within 1 to 2 cm of the origin of each coronary ar- 
tery, were directed “downstream” and secured in place 
with epicardial or purse-string sutures. The small diameter 
of the polyethylene tubing allowed unimpeded coronary 
blood flow. 

To determine whether depolarization of a limited myo- 
cardial mass could result in termination of ventricular fi- 
brillation in the remaining myocardium, a fixed total 
amount of potassium chloride was injected into a single 
coronary artery, or equal portions of the total amount of 
potassium chloride were injected into two coronary arteries 
simultaneously. Thus, the distribution of the particular 
coronary artery or combination of coronary arteries per- 
fused with potassium chloride determined the amount of 
myocardium that was depolarized. Although anastomoses 
between coronary arteries permitted a certain amount of 
cross circulation, the major portion of the ventricle not di- 
rectly perfused remained unaffected by infusion of potassi- 
um chloride into the contralateral side, as judged by the 
epicardial recordings. In each experiment, we compared the 
efficacy of equal total amounts of potassium chloride in 
terminating fibrillation when the solution was injected into 
one or two coronary arteries. 

Finally, in another group of animals, potassium chloride 
(25 to 50 ml, 1 mEq/ml) was injected into the cavity of the 
left or right ventricle, or both, or the entire heart in situ 
was immersed in a polyethylene “bag” filled with 160 ml of 
potassium chloride (1 mEq/ml) for 30 seconds. 


Electrical Defibrillation Studies 


In the group of 11 animals electrically shocked, pairs of 
circular electrodes (3.14 cm?) were sewn on the right and 
left ventricular epicardium, in a plane parallel to the inter- 
ventricular septum. The electrodes were cut from copper 
sheets and coated with a layer of solder; the copper did not 
come into direct contact with the myocardium. On the 
right ventricle, the electrodes were sewn close to the atrial 
border near the outflow tract (RVBase, RVp) and near the 
inferior margin of the right ventricular apex (RV Apex, 
RV). On the left ventricle, they were sewn in the postero- 
basal area between the origins of the left anterior descend- 
ing and circumflex coronary arteries (LVBase, LVB), and 
near the left ventricular apex (LV Apex, LVA). The current 
and voltage wave forms were recorded on a calibrated stor- 
age beam oscilloscope (Tektronix model D11) from which 
the amplitude was measured. All electrical grounds, includ- 
ing the right leg electrode for the electrocardiogram, were 
removed from the animal. The shock was delivered after 
ventricular fibrillation had been initiated and was present 
spontaneously for at least 30 seconds. We determined the 
current and voltage required to terminate ventricular fi- 
brillation in the entire heart when the shock was delivered 
between the following pairs of electrode combinations: 
RVp-RVa, LVp-LVa, RVp-LVp, RVA-LVA, RVp-LVa and 
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POTASSIUM 


RCA = Right Coronary Artery 
LAD = Left Anterior Descending 


LC = Left Circumflex 
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FIGURE 1. Graph indicating the percent of potassium chloride injec- 


tions that successfully terminated ventricular fibrillation (Y axis) ac- 
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cording to the single or combination of coronary arteries into which 


the solution was injected (X axis). Figures above the bars show the 
number of injections that terminated ventricular fibrillation (numera- 
tor) and the number of total injections (denominator). VF — ventricu- 
lar fibrillation. 


RVA4-LVg. In addition, each electrode of each pair served 
as the “hot” electrode; that is, the current and voltage re- 
quired to terminate fibrillation was determined separately 
for current flowing in each direction between two elec- 
trodes. The distance between each of the electrode pairs 
was measured and, at the conclusion of each experiment, 
the heart was removed and weighed. 

The electrical impulse used was a truncated exponential 
(“trapezoidal pulse") impulse delivered from a capacitor 
(800 ufarad at 600 volts direct current) that had been 
charged to a selected voltage with a variable regulated 
power supply. The length of the pulse (24 msec) was con- 
trolled by a variable integrated circuit timer that operated 
a silicon-controlled rectifier circuit.* 


Results 
Potassium Studies 


'The results from the entire group of 14 dogs were 
combined and are presented in Figure 1. Injections 
into the right coronary artery resulted in significantly 
fewer terminations than injections at any other site 
(P «0.04), whereas the 72 percent rate of termination 
during simultaneous injection into the left anterior 
descending and circumflex coronary arteries was sig- 








* The electrical circuitry was designed and built by Medical Elec- 
tronics Consulting Associates, Indianapolis, Ind. 
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FIGURE 2. Termination of ventricular fibrillation by selective potassium chloride infusion. A, potassium chloride (1/2 mEq) injected simultaneous- 
dy into both the right (RCA) and left anterior descending (LAD) coronary arteries at arrow. Electrical activity recorded at the LRV, ALV and LLV 
electrodes became suppressed. Ventricular fibrillation continued. B, potassium chloride injected simultaneously into both the right and circumflex 
coronary arteries. Electrical activity recorded at the LRV and PLV electrodes became suppressed. Ventricular fibrillation was terminated. C, po- 
_tassium chloride injected simultaneously into both the left anterior and circumflex coronary arteries. Electrical activity recorded at the ALV, LLV 
and PLV electrodes became suppressed. Ventricular fibrillation terminated. LA = left atrium; HRV = high right ventricle near outflow tract; LRV 
-= low right ventricle along the inferior border; ALV = apex of left ventricle reflecting distribution of left anterior descending artery; LLV = free 
wall of the lateral left ventricle adjacent to the interventricular septum, reflecting distribution of the left anterior descending artery; PLV — poste- 
rior left ventricle reflecting distribution of the circumflex coronary artery. ll = lead Il of the electrocardiogram. Time lines 1 second. Paper speed 


50 mm/sec. 


nificantly greater than terminations produced by any 
other injections (P «0.0001). Simultaneous infusion 
of potassium chloride into the left anterior descend- 
ing and circumflex coronary arteries naturally repre- 
sents perfusion of the largest amount of ventricular 
myocardial mass. The success rate for defibrillation 
diminished in the other combinations, approximately 
in direct relation to the amount of ventricular myo- 
cardial mass perfused. Anastomotic circulation may 
have minimized these differences to a degree. 

An example illustrating the termination of ventric- 
ular fibrillation by selective potassium chloride infu- 
sion is displayed in Figure 2. Potassium chloride in- 
jections (1 ml, 1 mEq/ml) into the right, left anterior 
descending or circumflex coronary artery, individual- 
ly, depolarized limited portions of the ventricle sup- 
plied by these vessels but did not terminate ventricu- 
lar fibrillation (not shown). Selective potassium chlo- 
ride infusions terminated ventricular fibrillation 
within 5 to 6 seconds (Fig. 2, B and C) when the po- 
tassium chloride was injected simultaneously into ei- 
ther the right plus the circumflex coronary artery or 
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the left anterior descending plus the circumflex coro- 
nary artery. Therefore, the remaining number of ex- 
citable cells represented a critical mass insufficient to 
maintain fibrillation. Infusion of potassium chloride 
into only one coronary artery or simultaneously into 
the right and left anterior descending coronary arte- 
ries failed to terminate ventricular fibrillation, pre- 
sumably because the remaining excitable mass was 
large enough to support continued fibrillation. In this 
particular example, the high right ventricle and left 
atrium were not affected by infusions of potassium 
chloride into the right and circumflex coronary ar- 
tery, respectively, because these areas were supplied 
by branches close to the origin of each coronary ar- 
tery and were not perfused by the potassium chloride 
solution. 

When ventricular fibrillation terminated after 
infusion of potassium chloride into the left coronary 
artery, the refractory period and diastolic stimulation 
threshold for the right ventricle remained at prefi- 
brillation control values. However, rapid right ven- 
tricular stimulation failed to initiate ventricular fi- 


. brillation as long as the left ventricle remained depo- 
larized by the effects of the potassium chloride (Fig. 
3, A and B). After the return of left ventricular activi- 
ty, fibrillation could be promptly restarted (Fig. 3C). 
Right ventricular inexcitability after infusion of po- 
tassium into the right coronary artery did not pre- 
vent precipitation of left ventricular fibrillation (not 
shown). 

Ventricular fibrillation could not be terminated 
when potassium chloride (25 to 50 ml, 1 mEq/ml) was 
injected into the cavity of the right or left ventricle 
and confined there for 15 to 30 seconds. Similarly, 


ventricular fibrillation could not be terminated by . 


immersing the entire heart into a plastic bag with a 
potassium chloride solution (160 ml, 1 mEq/ml) (not 
shown). 


Electrical Defibrillation Studies 


The combination of electrodes, the distance be- 
tween electrodes and the heart weight were all major 
factors affecting the ability of the electroshock to de- 
fibrillate. The percent termination of ventricular fi- 
brillation in 1,170 shocks for three current and volt- 
age ranges is presented in Figure 4, in which each 
curve represents one of the electrode combinations. 
The rate of termination of ventricular fibrillation is 
significantly different among the six electrode combi- 
nations at each range for both voltage and amperes 
(overall P value «0.001 for each voltage and amper- 
age range). Termination of ventricular fibrillation 
also occurred at less than 100 volts and less than 1.00 
amperes, but the incidence was not large enough to 
analyze. The direction of current flow did not statis- 
tically influence the rate of termination. 

Curves (Fig. 4) that decrease at 3.00 to 3.99 am- 
peres and 300 to 399 volts can be explained by trials 
in which only one or two shocks were attempted at 
the lower two energy levels because the shocks failed 
to defibrillate the myocardium, and a large number 
of shocks—also unsuccessful—were attempted at the 
highest settings. This naturally reduced the percent 
of successful shocks at 3.00 to 3.99 amperes and 300 
to 399 volts, while only minimally affecting the per- 
centages at the lower two energy levels. 

Heart weight was an important variable; it re- 
quired significantly more volts (P «0.001) and am- 
peres (P «0.001) to terminate ventricular fibrillation 
in heavier hearts, whether weights were analyzed for 
the right ventricle alone, the left ventricle alone (free 
wall of the left ventricle plus the interventricular sep- 
tum) or total ventricular weight. 

Increasing the distance between the LVg and LV, 
electrodes from 3 to 5 cm increased the rate of termi- 
nation of ventricular fibrillation from 38.9 to 65 per- 
cent (P «0.05). However, increasing the distance be- 
tween the RVp and RV, electrodes from 3 to 5 cm 
did not significantly increase the termination rate. 

The relative importance of distance versus elec- 
trode combination could be assessed for two combi- 
nations by analyzing the data obtained with the 
RVp-RVa and LVp-LV4A electrodes. In each experi- 
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ment, the distance between RVg and RV, equaled 
the distance between LVp and LV (3 to 5 cm). How- : 
ever, the LVpg-LVA electrode combination yielded a . 
higher percent of defibrillations for electroshocks of - 
equal magnitude than did the RVp-RVa combination - 
(P «0.001 except at 200 to 299 volts and 3.0 to 3.99 
amperes). We conclude that, at least for these two - 
electrode combinations, electrode position rather 
than interelectrode distance, was more important. 

Subthreshold shocks were often followed by tran- . 
sient organization of recorded ventricular activity? | 
but, presumably because an insufficient amount of- 
myocardium was depolarized, fibrillation continued — 
(Fig. 5A). Threshold shocks sometimes evoked short : 
bursts of repetitive ventricular discharge (Fig. 5B) - 
but were most often followed by abrupt termination 
of fibrillation. 


Discussion 


Critical ventricular mass required to maintain 3 
ventricular fibrillation: The data from the potassi- - 
um infusion studies clearly establish for the intact — 
dog heart in situ the importance of a critical ventric- - 
ular mass to maintain self-supported ventricular fi- - 
brillation, which was initiated by rapid electrical . 
stimulation. Ventricular fibrillation was terminated - 
when potassium infusion reduced the remaining | 
amount of excitable myocardium to a value less than - 
that of the critical mass. Therefore, depolarization of — 
every cell in both ventricles is not necessary to termi- . 
nate ventricular fibrillation in the entire heart. The . 
amount of this critical mass cannot be accurately 
quantified from our protocol, since we did not corre- - 
late combinations of potassium chloride injections — 
that terminated fibrillation with the exact amount of : 
myocardial mass perfused. This might be accom- . 
plished by injecting different dye markers into the ~- 
right, left anterior descending and circumflex coro- — 
nary arteries after completion of the potassium infu- — 
sions. However, if we assume from Figure 1 that the - 
entire left ventricle and interventricular septum, or a 
comparable amount of myocardium, must be depo- - 
larized to reduce the remaining excitable myocar- . 
dium to a value insufficient to maintain ventricular 
fibrillation, then the critical mass necessary for ven- . 
tricular fibrillation to continue in 13 dogs studied 
represents 28 percent of the total ventricular myocar- - 
dium, a percentage remarkably similar to that found . 
by Garrey.9 This value is at best only an estimate for 
the dog heart because of the problems generated by - 
cross circulation, our inability to perfuse branches 
arising very close to the origin of the coronary artery, 
and the fact the potassium chloride very probably . 
did not uniformly depolarize the entire ventricular 
mass with which it made contact. This percentage 
may not necessarily be extrapolated directly to the 
patient with heart disease because the tendency to 
perpetuate fibrillation in the latter situation might 
be affected by many variables. 

Support of concept of critical myocardial mass: 
'The data from the electroshock studies provide indi- 
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FIGURE 4. Percent of electroshocks that suc- 
cessfully terminated ventricular fibrillation (Y 
axis) for three voltage and current ranges (X 
axis), according to the electrode combination 
used. A, amperes; B, voltage. VF = ventricular 
fibrillation. 


FIGURE 5. Electroshock termination of ventric- 
ular fibrillation with electrode combination RV a- 
LV, (right and left ventricular apex). Top trac- 
ings, subthreshold shock (arrow) caused tran- 
sient regularization of recorded ventricular ac- 
tivity but ventricular fibrillation continued. Bot- 
tom tracings, threshold shock (arrow) termi- 
nated ventricular fibrillation after a brief burst of 
repetitive ventricular activity. Atrial fibrillation 
was also terminated. Paper speed 50 mm/sec. 
Horizontal line = 200 msec. A = amperes; V = 
volts; other abbreviations as in Figure 2. 
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RELATIONSHIP BETWEEN 
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rect evidence supporting the concept of a critical 
myocardial mass. Those data indicate that electrical 
shocks of equal magnitude terminated ventricular fi- 
brillation most often when the shocks were delivered 
between the RVaA-LVp electrodes and least often 
when they were delivered between the RVp-RVA 
electrodes. LVg-LV4 and the remaining electrode 
combinations resulted in intermediate values. If 
these observations are explained in terms of the criti- 
cal myocardial mass concept, then we would postu- 
late that current flowing between two right ventricu- 
lar electrodes (RVg-RV A) encountered, and therefore 
 depolarized, the least number of cells, and resulted in 
the lowest rate of cardioversions. Current traveling 
between the right ventricular apex and posterobasal 
left ventricle (RVA-LVg) encountered, and therefore 
depolarized, the largest number of cells and resulted 
in the highest rate of cardioversions. Differences be- 
tween the remaining electrode combinations may 
have been less great in terms of mass bounded by the 
two electrodes and resulted in intermediate values 
with a fair amount of overlap. 

Distance between electrodes played a role in termi- 
nating fibrillation because interelectrode distance in- 
fluenced the amount of mass through which the cur- 
rent flowed. However, the electrode combination 
seemed more important. The distance between 
RVp-RV4 and LVg-LV4 was equal in each experi- 
ment. Nevertheless, a higher percentage of termina- 
tions occurred with the LVg-LV4 combination, pre- 
sumably because of the larger mass bounded by the 
two left ventricular electrodes. The RVA-LVg elec- 
trode combination most successfully terminated ven- 
tricular fibrillation for two reasons. First, the combi- 
nation spanned virtually the entire left ventricle and, 
second, its interelectrode distance was generally the 
largest. 

Clinical implications: Speculations about the 
events that occur during clinical direct-current elec- 
troshock are consistent with the concepts advanced 


in this report. For example, during electrical defibril- . 


lation, the shock cannot discharge many cells that 
have just been depolarized spontaneously (by the fi- 
brillating rhythm) and are absolutely refractory at 
the moment the shock is delivered. These cells natu- 
rally repolarize in advance of cells that are dis- 
charged at a slightly later time by electroshock, but, 
during a successful cardioversion, they represent a 
mass of cells insufficient to perpetuate the fibrilla- 
tion. Continued fibrillation indicates failure to depo- 
larize a sufficient number of cells. Administering a 
continuous series of shocks has been suggested to ter- 
minate refractory ventricular fibrillation.9? It is pos- 
sible that each successive shock depolarizes more 
muscle mass until finally a sufficient amount of myo- 
cardium becomes depolarized and fibrillation stops. 
Heart weight also has been important during defi- 
brillated studies performed in man. The heavier the 
heart, the greater the energy required for defibrilla- 
tion.!° 

This concept of critical mass may also explain the 
success of intracavitary catheter defibrillation in man 
and animals,^!? because depolarization of the entire 
heart is not necessary to terminate fibrillation. From 
our data, however, we would predict that energy re- 
quirements for defibrillation with a catheter elec- 
trode in or behind (coronary sinus) the left ventricle 
might be less than for a catheter electrode in the 
right ventricle. Such comparisons have not been per- 
formed by Mirowski and Mower.!? 
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The effects of increased and decreased cardiac sympathetic tone and 
coronary occlusion on ventricular fibrillation threshold were deter- 
mined in 14 open chest dogs anesthetized with sodium pentobarbital. 
Heart rate was kept constant by pacing the right atrium at cycle 
lengths of 500 msec. Ventricular fibrillation threshold was measured by 
delivering 350 msec trains of constant current stimuli with a frequency- 
of 100 hertz and 2 msec duration. The minimal current of the train that 
induced fibrillation was taken as the ventricular fibrillation threshold. In 
seven animals, the effects of stellate stimulation were studied. Ventric- 
ular fibrillation threshold was measured during control periods, after 2 
minutes of coronary occlusion, after 2 minutes of stellate stimulation 
and after 2 minutes of stellate stimulation and coronary occlusion. Cor- 
onary occlusion alone decreased ventricular fibrillation threshold an 
average of 35 percent of control values and stellate stimulation alone 
decreased the threshold an average of 42 percent of control values. 
The combination of both these interventions decreased ventricular fi- 
brillation threshold an average of 63 percent of control values. 

The effects of stellate ablation were studied in seven animals. Ven- 
tricular fibrillation threshold was measured during control periods, and 
during coronary occlusion before and after stellate ganglionectomy. 
Stellectomy increased the threshold an average of 31 percent above 
control values. After stellectomy, coronary occlusion decreased ven 
tricular fibrillation threshold by only 11 percent of control values, 
value 26 percent higher than the threshold during coronary occlusio 
before stellectomy. These findings may have therapeutic implication 
for the management of arrhythmias in patients with acute myocardi 
infarction or some forms of central nervous system disease. 


The high mortality rate during the early phases of acute myocar 
infarction is mainly due to the high incidence of ventricular arrhy 
mias during this period. The mechanism of these arrhythmias has 
been completely defined; they may be due to enhanced automatic 
a reentrant mechanism, or both. Whatever the mechanism of tł 
arrhythmias, many investigators have demonstrated that manip! 
tion of autonomic tone during experimental coronary occlusion in 
ences their incidence and severity.!-!? In previous studies heart 1 
has not been controlled, and it is therefore difficult to tell if the 
sults are due to the difference in heart rate before and after man 
lation of autonomic tone or to the level of autonomic tone itsel 
addition, previous studies have been concerned with the inciden 
arrhythmias rather than with a quantitative measure of vulnera 
to fibrillation independent of its initiating mechanism. 

This study was conducted to determine the influence of cc 
sympathetic stimulation or surgical removal of the stellate and. 
thoracic ganglia on fibrillation threshold during acute coronary : 
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sion. Heart rate was controlled, and fibrillation 
threshold was determined in dogs in a control state, 
during coronary occlusion, during stellate stimula- 
tion, during coronary occlusion and stellate ganglion 
stimulation, after surgical removal of the stellates 
and upper thoracic ganglia and during coronary oc- 
clusion after ganglionectomy. 


Methods 


Experiments were performed in 14 mongrel dogs anes- 
thetized with sodium pentobarbital (30 mg/kg body 
weight) and ventilated with a fixed volume pump respira- 
tor. The chest was opened with a sternal splitting incision 
and the heart suspended in a pericardial cradle. The vagi 
were divided in the neck. The sinus node was crushed, a bi- 
dolar electrode placed on the right atrial appendage, and 
.he heart paced at cycle lengths of 500 msec. The left ante- 
‘ior descending coronary artery or one of its major branch- 
's was isolated. Umbilical tape was passed around the ar- 
ery and subsequently used to occlude it temporarily. A 
vertical lead body surface electrocardiogram and a bipolar 
:lectrogram from the lateral surface of the right ventricle 
vere recorded. 

To measure fibrillation threshold, 350 msec trains of 
‘onstant current stimuli with a frequency of 100 hertz and 
ı duration of 2 msec were delivered to the ventricle after 
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every ninth basic driving cycle. The timing of the train with . 
respect to a body surface electrocardiogram and a right 
ventricular electrogram are shown in Figure 1. In panel A 
the train stimulus intensity is subthreshold, and in panel B 
the intensity has been increased sufficiently so that it pro- 
duces one propagated ventricular response. The trains of 
stimuli were delivered to two stainless steel hook elec- 
trodes. The anode was placed on the surface of the right 
ventricle in the region of the pulmonary conus, and the 
cathode was placed on the left ventricle near the border of 
the area that became cyanotic during temporary occlusion. 
The intensity of the train was increased in 0.5 milliampere 
increments until fibrillation was induced. The animals 
were defibrillated within 10 seconds of the onset of fibrilla- 
tion, and repeat measurements were not made for 5 to 10 
minutes after defibrillation. 

Fibrillation threshold was measured in a control state, 
within 2 to 5 minutes of acute coronary occlusion and dur- 
ing alteration of sympathetic tone before and during coro- 
nary occlusion. The occlusion of the coronary artery was re- 
leased as soon as fibrillation threshold was measured. In 
one dog repeated measurements of fibrillation threshold 
were made during control states and after 2 minutes of cor- 
onary occlusion. This was done to establish the reproduc- 
ibility of the method. In another animal, the effects of both 
stellate stimulation and stellectomy on fibrillation thresh- 
old before and during coronary occlusion were determined. 





FIGURE 1. Vertical lead body surface electro- 
cardiogram (ECG), a right ventricular (RV) elec- 
trogram, and stimulus pulses of the basic drive 
(S4) and of the train (T) used to induce ventricu- 
lar fibrillation. In A the intensity of the train is 
subthreshold and it does not induce a ventricu- 
lar response. In B the intensity of the train has 
been increased sufficiently to induce one ven- 
tricular response. 


FIGURE 2. Vertical lead electrocardiograms of 
a dog taken during a control period (top trac- 
ing), after left stellectomy (middle tracing) and 
during stimulation of the distal ends of the ansae 
subclaviae (bottom tracing). 


_ The results from this animal are included with the results 
from animals in which only the effects of stimulation or 
stellate ablation were studied. The effects of sympathetic 
stimulation were studied in six additional dogs. In these 
animals the left stellate ganglion or the left dorsal and ven- 
tral ansae were isolated and stimulated with trains of puls- 
es with a frequency of 12 hertz, a duration of 4 msec and an 
intensity of 5 to 16 volts. Change in T wave form in a verti- 
cal lead body surface electrocardiogram was taken as evi- 
dence of change in sympathetic tone. The effects of left 
stellate stimulation and removal on one dog's electrocardi- 
ogram are shown in Figure 2. Stimulation of the stellate 
ganglia was started 2 minutes before measurement of fibril- 
lation threshold and continued during coronary occlusion. 
Measurements of threshold during sympathetic stimula- 
tion alone were alternated with measurements of sympa- 
thetic stimulation during coronary occlusion. In each ani- 
mal 3 to 5 measurements were made under each condition. 
In six other dogs, the effects of sympathetic ablation were 
studied. Fibrillation thresholds were determined during a 
control state and after 2 minutes of coronary occlusion. Ei- 
ther the left stellate ganglion (two dogs) or both the left 
and right stellate ganglia (four dogs) were then excised to- 
gether with the upper three or four thoracic ganglia. After 
ganglionectomy, 30 minutes was allowed to elapse and fi- 
brillation threshold measurements with coronary occlusion 
were alternated with measurements without occlusion. In 
each animal two to five measurements were made under 
each of the two conditions. 


Results 


The ranges of time required to measure fibrillation 
threshold after 2 minutes of coronary occlusion alone 
were almost identical to those required to measure fi- 
brillation threshold after 2 minutes of coronary oc- 
clusion in animals with stellate stimulation or stellec- 
tomy. With coronary occlusion alone, measurement 
of fibrillation threshold was started 2 minutes after 
occlusion of the artery and was completed an average 
of 82 + 39 (standard deviation) seconds later. With 
stellate stimulation and coronary occlusion, measure- 
ment of fibrillation threshold was started 2 minutes 
after occlusion and the onset of stimulation and com- 
pleted an average of 78 + 47 seconds later. With stel- 
lectomy and coronary occlusion, measurement of fi- 
brillation threshold was started 2 minutes after oc- 
clusion and completed an average of 82 + 40 seconds 
later. Spontaneous arrhythmias rarely occurred and, 
if they did, a smaller vessel was occluded. If sponta- 
neous arrhythmias persisted, the animal was exclud- 
ed from the study. Fibrillation after release of the 
coronary artery did not occur in the animals studied. 

Figure 3 is a bar graph of repeated measurements 
of fibrillation threshold made in one dog during con- 
trol periods and after 2 minutes of coronary occlu- 
sion. In this animal, fibrillation threshold averaged 7 
+ 1 (standard deviation) milliamperes in the control 
periods and 4 + 1 milliamperes during coronary oc- 
clusion. Although the threshold in the control periods 
ranged from 6 to 9 milliamperes, there was no overlap 
in measurements made in control periods with those 
made during occlusion. 


VENTRICULAR FIBRILLATION THRESHOLD—KLIKS ET AL. 









The effects of both stellate stimulation and stellec- . 
tomy on fibrillation threshold before and during cor- 
onary occlusion usually could not be determined in 
the same animals because of the time required to. 
complete all measurements. The determination of. 
the effects of all these interventions in the same ani- 
mal was successfully carried out in one dog (Fig. 4). 
One hour after left stellectomy alone, fibrillation 
threshold increased. After stellectomy, threshold de- 
creased less during coronary occlusion than it had be- - 
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FIGURE 3. Bar graph of ventricular fibrillation thresholds measured 
during five control periods and five periods of temporary coronary - 
occlusion. Fibrillation threshold is shown in milliamperes (mA). The 
last two bars on the graph show the averages and standard devia- 
tions of the control and coronary occlusion thresholds. VFT = ven- — 
tricular fibrillation threshold. 
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FIGURE 4. Bar graphs of averages of fibrillation threshold measure 
in milliamperes of one dog during control periods (C), during temp 
rary coronary occlusion (CO), after left stellectomy (LSTX), duri 
coronary occlusion after stellectomy, during stimulation of the dis 
ends of the left stellate (LSS) and during coronary occlusion and | 
stellate stimulation. The numbers in parentheses indicate the num 
of measurements included in the averages. VFT = ventricular fit 
lation threshold. 
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FIGURE 5. Bar graph showing the effect of coronary occlusion, left 
stellate stimulation and left stellate stimulation and coronary occlu- 
-Sion on fibrillation threshold. Fibrillation threshold is expressed as a 
percent of control level, and the graph is compiled from the average 
findings in seven dogs. VFT = ventricular fibrillation threshold. 
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ire stellectomy. Stimulation of the distal ansae sub- 
claviae decreased fibrillation threshold more than 
coronary occlusion alone, and there was a further de- 
crease in the threshold when the coronary artery was 
occluded during stellate stimulation. After these 
measurements were made, 1 hour was allowed to 
elapse and threshold was again measured. This mea- 
surement is shown as the last bar on the graph and is 
only 1 milliampere higher than the measurements of 
fibrillation threshold made 1 hour after stellectomy. 
This indicates that the preparation was stable. The 
results from this dog are included in the results of ex- 
periments in animals in which only the effects of stel- 
late stimulation or stellectomy were studied. 
Sympathetic stimulation and coronary occlu- 
sion: The effect of sympathetic stimulation on fibril- 
lation threshold before and during coronary occlusion 
was studied in seven dogs, and the results of these ex- 
periments are summarized in Figure 5. In these ani- 
mals, after coronary occlusion alone, fibrillation 
threshold decreased by an average of 35 percent from 
control values. Stimulation of the left stellate gangli- 
on alone decreased fibrillation threshold by an aver- 
age of 42 percent from control values. This decrease 
was comparable to that seen with coronary occlusion 
alone. The combination of sympathetic stimulation 
and coronary occlusion produced a further decrease 
in fibrillation threshold. With the combination of 
these two interventions, threshold to fibrillation fell 
by an average of 63 percent of control values, a level 
7 percent lower than the threshold with coronary 
cclusion alone. 
Stellectomy and coronary occlusion: The effect 
f stellectomy on fibrillation threshold before and 
uring coronary occlusion was studied in seven dogs 
ig. 6). In these dogs, before stellectomy, coronary 
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FIGURE 6. Bar graph showing the effect of coronary occlusion, stel- 
lectomy and stellectomy and coronary occlusion on fibrillation 
threshold. Fibrillation threshold is expressed as a percent of control 
level, and the graph is compiled from the average findings in seven 
dogs. VFT = ventricular fibrillation threshold. 


occlusion decreased fibrillation threshold by an aver- 
age of 37 percent from control values. Stellectomy 
alone increased fibrillation threshold to an average of 
31 percent above control values. After stellectomy, 
coronary occlusion decreased fibrillation threshold 
but, when compared with levels before stellectomy, 
threshold was decreased by an average of only 11 per- 
cent from control levels, a level 26 percent higher 
than fibrillation threshold during coronary occlusion 
before stellectomy. 


Discussion 


As early as 1936 the study of Cox and Robertson! 
implicated an increase in sympathetic tone as a con- 
tributory factor in the occurrence of arrhythmias 
after coronary occlusion; they observed a lower mor- 
tality rate in dogs with acute coronary occlusion and 
prior ganglionectomy than in dogs with intact cardiac 
sympathetic nerves. Similar findings have been re- 
ported by others.?-? 

The study of Schaal et al.? was performed in unan- 
esthetized dogs with chronic cardiac denervation. 
Maling and Moran demonstrated an increased inci- 
dence of arrhythmias in unanesthetized dogs with 
coronary occlusion during infusion of catecholamines, 
and Harris et al.!° showed that stimulation of the 
cardiac sympathetic nerves in anesthetized dogs with 
coronary occlusion also increased ectopic ventricular 
activity. None of the previous studies measured fi- 
brillation threshold and none controlled heart rate. 
The failure to control heart rate in previous studies 
makes interpretation of results difficult. Han et al.!! 
reported that temporal dispersion of refractory peri- 
ods was greater and fibrillation threshold lower with 
slow than with fast heart rates. More recently, how- 


ever, Kent et al.!? found that in the setting of acute 
coronary occlusion, fibrillation threshold is reduced 
by tachycardia. 

Clinical implication: In our study, heart rate was 
maintained constant during all interventions and was 
therefore not a factor in the observed changes in vul- 
nerability to fibrillation. Stimulation of the left stel- 
late during acute coronary occlusion decreased fibril- 
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lation threshold more than either intervention alone, . 
and stellectomy had a protective effect. The results 
of this study indicate that, in addition to the role the - 
sympathetic nerves may have in the incidence of ar- — 
rhythmias in the setting of coronary occlusion, in- . 
creased levels of sympathetic tone may sometimes - 
lead to lethal arrhythmias in patients with some - 
forms of neurologic disease. 
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The effects of manganese chloride (MnCl;) and verapamil on automa- 
ticity of digitalized Purkinje fibers were studied using conventional mi- 
croelectrode techniques. The studies were made in isolated, sponta- 
neously beating Purkinje preparations. Ouabain alone consistently in- 
creased the automatic rate, whereas no such increase was observed 
when the preparations were superfused with a mixture of ouabain and 
MnCl;. MnCl; was also shown to be effective in suppressing the en- 
hanced automaticity induced by ouabain. MnCl, alone did not have a 
significant effect on the spontaneous rate of Purkinje fibers. The effect 
of verapamil was similar to that of MnCl; in preventing and suppressing 
the ouabain-induced increase in automaticity. MnCl, and verapamil 
have been shown to inhibit the slow inward calcium current of cardiac 
fibers. The results therefore suggest that an inward calcium ion current 
may play a role in the development of digitalis-induced increase in the 
slope of phase 4 depolarization in Purkinje fibers. 


Ventricular arrhythmias accompanying digitalis intoxication have 
usually been attributed to enhanced phase 4 depolarization of Pur- 
kinje fibers.'* Recently, Ferrier and Moe? examined the effects of 
calcium ions and acetylstrophanthidin on canine Purkinje fibers and 
observed the development of transient depolarization after a series of 


driven responses. Such transient depolarization could occasionally 


reach threshold potentials and cause spontaneous responses. They 
suggested that the transient depolarization rather than “true” phase 
4 depolarization is responsible for ventricular ectopic beats induced 
by digitalis. In their experiments the production of transient depolar- 
izations could be prevented by the addition of manganese chloride to 
the perfusing Tyrode solution. Since MnCl, has been shown to block 
a slow inward calcium ion current associated with cardiac action po- 
tentials,*-6 they concluded that the transient depolarization may be 
due to an influx of calcium ions. 

Many ventricular ectopic beats resulting from digitalis intoxication 
are still believed to be due to an increase in the slope of “true” phase 
4 depolarization of Purkinje fibers. This study was therefore under- 
taken to determine whether the ouabain-induced increase in the 
slope of phase 4 depolarization can also be prevented by manganese 
ions and verapamil. The enhanced automaticity could indeed be pre- 
vented by these agents, suggesting that an influx of calcium ion may 
also play a role in increasing the slope of phase 4 depolarization in di- 
gitalized Purkinje fibers. 


Methods 


Hearts were excised from dogs anesthetized with an intravenous injection 
of pentobarbital sodium, 30 mg/kg body weight. Papillary muscle with at- 
tached false tendon was dissected from the right or left ventricle and stored 
in oxygenated Tyrode solution. The preparation was then pinned under 
slight tension to a paraffin block in a tissue bath. Modified Tyrode solution 
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equilibrated in a reservoir with 95 percent oxygen and 5 
percent carbon dioxide was infused into the bath at a rate 
of 5 ml/min. The temperature in the bath was maintained 
at 37° to 38° C and remained constant during any experi- 
ment. The composition of the Tyrode solution in milli- 
moles was sodium chloride, 137; dextrose, 5.5; potassium 
chloride, 2.7; calcium chloride, 2.7; magnesium chloride, 
0.5; sodium phosphate, 0.9; and sodium bicarbonate, 24.0. 
Transmembrane potentials of Purkinje fibers were record- 
ed with conventional microelectrode techniques. Glass mi- 
croelectrodes were filled with 2.7 molar potassium chloride, 
and the resistance of these electrodes ranged from 20 to 30 
megohms. A silver wire indifferent electrode was in contact 
with the Tyrode solution in the bath. Action potentials 
were continuously monitored on an oscilloscope and photo- 
graphed using a Grass camera. A series of Tektronix wave 
form and pulse generators were used to deliver pacing stim- 
uli to a pair of bipolar electrodes attached to the prepara- 
tion. Some of the preparations were driven by applying su- 
prathreshold rectangular pulses at a cycle length of 630 
msec. 

Ouabain octahydrate was dissolved in 0.9 percent saline 
solution to make a stock solution in a concentration of 1 
mg/ml. The working solution in a concentration of 2.0 X 
10-7 M was prepared by diluting the stock solution with 
Tyrode solution. Manganese chloride (MnCl;) and verapa- 
mil were dissolved in distilled water to make stock solu- 
tions of 4 and 1 mg/ml, respectively. The working solutions 
of MnCl» in a concentration of 4.0 X 1074 M and verapamil 
in a concentration of 2.0 X 1079 M were then prepared by 
diluting the stock solutions with the Tyrode solution. In 
this study, the effects of ouabain and MnCls were analyzed 
from the results of those experiments in which the micro- 
electrodes remained in the same cell throughout the experi- 
ment. 


Results 


Effect of Ouabain Alone 


In these experiments only those preparations with 
a spontaneous rate of 15 to 75 beats/min were used. 
The effect of ouabain alone on the Purkinje fiber au- 
tomaticity was first studied in seven preparations. 
Ouabain consistently increased the rate of spontane- 
ous discharge in all seven preparations; the results of 
a typical experiment are depicted in Figure 1. Record 
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A shows transmembrane potentials of a spontaneous- 
ly beating Purkinje fiber at a rate of 18 beats/min. At 
the arrow labeled O, superfusion of the preparation 
with ouabain was begun. In records B to D, the rate 
increased steadily to 36, 72 and 140 beats/min at 15, 
24 and 31 minutes, respectively, after the start of 
ouabain superfusion. The increase in automaticity 
was largely due to an increase in the slope of phase 4 
depolarization. In four experiments the amplitude of 
the action potentials decreased with the increase in 
automaticity. In the remaining three experiments a 
biphasic change with an initial slight increase before 
the decrease in the action potential amplitude was 
observed. These variations were mainly due to corre- 
sponding changes in the maximal diastolic potential. 


Effect of MnCl. 


Ouabain plus MnCl»: The effect of MnClə on the 
spontaneous rate of digitalized Purkinje fibers was 
studied with two different types of experimental de- 
sign. In the first type of experiment, six preparations 
were superfused with Tyrode solution containing 
ouabain and MnCl, throughout the experiment. In 
all six preparations, a mild decrease in the spontane- 
ous rate occurred in the presence of MnClo. The im- 
portant observation was that no increase in the spon- 
taneous rate was observed in these preparations in 
contrast to findings in preparations treated with oua- 
bain alone. Figure 2 illustrates the results of one of 
these experiments. Record A shows transmembrane 
potentials of a spontaneously beating Purkinje fiber 
at a rate of 36 beats/min. At the arrow labeled O + 
MN, superfusion of the preparation with ouabain and 
MnCl, was begun. In record B, 15 minutes after the 
beginning of superfusion with the mixture, the spon- 
taneous rate of the preparation decreased to 26 
beats/min. In record C, 24 minutes after the start of 
superfusion, the spontaneous rate further slowed to 
20 beats/min. 

Ouabain followed by ouabain-MnCl; mixture: 
In the second type of experiment, four preparations 
were first superfused with ouabain until the sponta- 
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FIGURE 1. Effect of ouabain on the rate of a C 
spontaneously beating Purkinje fiber. O = oua- 

bain. The number at the top of each panel indi- 
cates the time in minutes after the beginning of 
superfusion of ouabain. Calibration: horizontal 
line = 1 second; vertical line = 50 mv. See 
text. 
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FIGURE 2. Effect of a mixture of ouabain and 
MnCi5 on the spontaneous rate of a Purkinje 
fiber. O + MN = ouabain + MnCl». Other con- 
ventions as in Figure 1. Calibration: horizontal 
line = 500 msec; vertical line = 50 mv. See 
text. 
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neous rate of the preparation was greatly increased, 
and the mixture of ouabain and MnClə was then su- 
perfused to the preparation. Manganese chloride was 
able to reverse the increased automaticity induced by 
;uabain in all four experiments, and the results of 
yne of these experiments are depicted in Figure 3. 
Record A shows transmembrane potentials of a spon- 
;aneously beating Purkinje fiber at a rate of 48 beats/ 
nin. At the arrow labeled O, ouabain was superfused 
-o the preparation. In record B, 25 minutes after the 
;eginning of ouabain superfusion, the spontaneous 
‘ate increased to 120 beats/min. At the arrow labeled 
J) + MN, the mixture of ouabain and MnCl» was su- 
»erfused to the preparation. In record C, 28 minutes 
ifter the beginning of ouabain superfusion and about 

minutes after the start of superfusion with the mix- 
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FIGURE 3. Inhibitory effect of MnCl. on the 
ouabain-induced increase in automaticity of a 
Purkinje fiber. Conventions as in Figures 1 and 
2. Calibration: horizontal line = 500 msec; verti- 
cal line = 50 mv. See text. 


ture of ouabain and MnCl», a further increase in the 
spontaneous rate was interrupted and the rate actu- 
ally began to decrease slightly. In record D, 1 minute 
later, the amplitude of the action potentials abruptly 
decreased, followed by cessation of the spontaneous 
activity. 

MnCl, alone: In six experiments MnCls; alone was 
superfused to the preparations. The results of five 
experiments showed a mild decrease in the spontane- 
ous rate 5 to 10 minutes after the beginning of the su- 
perfusion. Figure 4 illustrates the results of one of 
these experiments. Record A shows the transmem- 
brane potentials of a spontaneously beating Purkinje 
fiber at a rate of 18 beats/min. At the arrow labeled 
MN, MnCl was superfused to the preparation. As 
shown in records B and C, the spontaneous rate of 
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FIGURE 4. Effect of MnCl; alone on a sponta- 
neously beating Purkinje fiber. MN = MnClo; 
other conventions as in Figure 1. Calibration: 
horizontal line = 1 second; vertical line = 50 
mv. See text. 
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FIGURE 5. Comparison of various effects of MnCl? 
(MN) on the rate of spontaneously beating Purkinje fi- 
bers under different conditions. O — ouabain. See text. 


the preparation then decreased slightly to 12 beats/ 
min at 8 minutes and remained about the same for 
the remaining 25 minutes of the experiment. In the 
sixth experiment, a very slight increase in rate was 
observed during superfusion with MnCls alone. 
Figure 5 summarizes the effect of MnCl. on the 
spontaneous rates of Purkinje fibers under various 
conditions, presenting the results of a representative 
experiment of each of the four types. The Purkinje 
fiber preparation superfused with ouabain alone was 
characterized by a rapid and steady increase in the 
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spontaneous rate beginning about 10 minutes after 
start of the ouabain superfusion. In the preparation 
superfused with both ouabain and MnCl, a mild de- 
crease in the spontaneous rate was observed. In the 
experiment in which the spontaneous rate was first 
increased by ouabain, the addition of MnCl (indicat- 
ed by a solid arrow) prevented further increases in 
the rate, followed by arrest or cessation of spontane- 
ous activity. The spontaneous rate of Purkinje tissue 
exposed to MnCl alone showed no obvious change 
for the first 10 minutes and then decreased slightly. 
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Comparison of these results clearly indicates that 
MnCl, is effective in preventing the increase in auto- 
maticity of Purkinje fibers induced by ouabain. 


Effect of Verapamil 


The observed effect of MnClo suggested that the 
increase in phase 4 depolarization induced by oua- 
bain is related to an increase in calcium conductance. 
Since verapamil is also known to block a slow calcium 
current, some experiments were performed to test 
whether the effect of ouabain can be similarly pre- 
vented by verapamil. 

The effect of verapamil on automaticity of digi- 
talized Purkinje fibers was studied in six experiments 
in a manner similar to that of MnClo. All of these ex- 
periments demonstrated that verapamil, like MnClo, 
could prevent the enhanced automaticity induced by 
ouabain. Figure 6 shows the results of one of these 
experiments. Record A shows the control spontane- 
ous rate of the preparation at about 36 beats/min. At 
the arrow labeled O + V, the preparation was super- 
fused with a mixture of verapamil in a concentration 
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FIGURE 6. Effect of a mixture of ouabain 
and verapamil on the spontaneous rate of a 
Purkinje fiber. O + V = ouabain + verapa- 
mil. Other conventions as in Figure 1. Cali- 
bration: horizontal line = 500 msec; vertical 
line = 50 mv. See text. 


FIGURE 7. Inhibitory effect of verapamil on the 
ouabain-induced increase in automaticity of a 
Purkinje fiber. Conventions as in Figures 1 and 
6. Calibrations: horizontal line = 1 second; ver- 
tical line = 50 mv. See text. 


of 2.0 X 1075 M and ouabain in a concentration of 2.0 
X 1077 M. In the course of 25 minutes of superfusion, 
a slight decrease in the spontaneous rate (to about 24 
beats/min) and the amplitude of the action potential 
was observed. In three other experiments, verapamil 
was also able to reverse a ouabain-induced increase in 
automaticity. Figure 7 shows the results of a repre- 
sentative experiment. Record A shows the control 
spontaneous rate of the preparation at about 24 
beats/min. The preparation was first superfused with 
ouabain in a concentration of 2.0 X 10-7 M, and rec- 
ord B shows that the spontaneous rate increased to 
about 48 beats/min 38 minutes after the beginning of 
this superfusion. The preparation was then super- 
fused with the mixture of ouabain and verapamil. In 
record C, about 5 minutes after this superfusion, the 
spontaneous rate decreased to about 10 beats/min. 


Discussion 


In this study, the effect of MnCls on automaticity 
of digitalized Purkinje fibers was studied in sponta- 
neously beating preparations. Ouabain alone consis- 


- 


tently enhanced the spontaneous rate to four or more 
times its control value. This increase was primarily 
due to an increase in the slope of phase 4 depolariza- 
tion. These results are in accord with those obtained 
from earlier experiments by others’® in intact dog 
hearts. When MnCls was applied with ouabain to the 
preparation, the spontaneous rate was not generally 
altered except for a few preparations in which a slight 
decrease in the rate was observed. Manganese chlo- 
ride was also effective in suppressing the increased 
spontaneous activity induced by ouabain. Verapamil 
was similarly effective in preventing and reversing 
the ouabain-induced increase in automaticity of the 
Purkinje tissue. 

Manganese, verapamil and calcium currents: 
Ample evidence is available to support the view that 
manganese ions and verapamil inhibit the inward cal- 
cium current of cardiac cells.*9? Various studies 
with the voltage clamp technique!?-1? demonstrated 
that the slow inward current occurring during the 
plateau of cardiac action potentials is related to an 
influx of calcium ion. Manganese chloride and vera- 
pamil were shown to prevent such an inward current 
in cardiac fibers.^9? Our observations that MnCl» 
and verapamil prevent or reverse the ouabain-in- 
duced increase in automaticity suggest that the effect 
of ouabain on phase 4 depolarization is, in part, relat- 
ed to an influx of calcium ion. Manganese chloride 
alone had no appreciable effect on the automaticity 
of nondigitalized Purkinje fibers. This suggests that 
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calcium conductance plays an insignificant role dur- 
ing phase 4 of normal Purkinje fibers. This is in keep- 
ing with the well accepted view that phase 4 depolar- 
ization of normal Purkinje fibers is primarily due to a 
progressive decrease in potassium conductance and a 


gradual increase in sodium conductance during dias- — 


tole.1?.14 


Clinical implication: The slow calcium inward 
current that is present during the plateau of cardiac 
action potentials is speculated to be linked to the ex- 
citation-contraction coupling of cardiac fibers.!?!^ 
Therefore, an increase in calcium ion influx induced 


by digitalis in ventricular myocardial fibers could . 


possibly manifest itself as positive inotropism, 


whereas in Purkinje fibers it could result in an in- - 


crease in the slope of phase 4 depolarization and en- 
hanced automaticity. The ability of MnCl» and vera- 


pamil to prevent the development of enhanced auto- - i 


maticity in digitalized Purkinje fibers may imply that 
they could be used as antiarrhythmic agents for digi- 
talis-induced arrhythmias. However, their use in pa- 
tients with digitalis toxicity may not be practical be- 
cause they may inhibit the inward calcium current in 
myocardial fibers and decrease contractility of the 
ventricular myocardium. 
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A new balloon-tipped flotation catheter equipped with two pairs of 
electrodes has been developed for simultaneous monitoring of cardiac 
rhythm and hemodynamics as well as for temporary emergency atrial, 
ventricular and atrioventricular sequential pacing. Experience in 43 pa- 
tients demonstrates the following: (1) The catheter can be passed and 
positioned with the tip in the pulmonary artery or its branches at the 
bedside without the use of fluoroscopy as easily as the standard 
(Swan-Ganz) catheters. (2) With the catheter in the proper position 
and with the use of appropriate filters (proximal, 50 to 300 hertz; dis- 
tal, 15 to 300 hertz), the intracavitary electrograms recorded from the 
proximal and distal pair of electrodes provide characteristic high right 
atrial and right ventricular signals, virtually free of noise artifact, base- 
line drift and respiratory variation, that are particularly suitable for au- 
tomated on-line monitoring of cardiac rhythm. (3) When indicated, atri- 
al, ventricular or atrioventricular sequential pacing can be initiated 
without delay. (4) Large artifact-free right ventricular intracavitary sig- 
nals can be used for reliable and consistent operation of any device re- 
quiring QRS triggering mechanisms. (5) Monitoring of pulmonary arteri- 
al or pulmonary capillary wedge pressure and withdrawal of blood 
samples from the central circulation is possible. This device can be 
particularly useful in patients with hemodynamic difficulties as well as 
arrhythmias. 


Prompt recognition and early treatment of serious arrhythmias have 
significantly reduced the in-hospital mortality of patients with acute 
myocardial infarction? and improved the postoperative manage- 
ment of patients. The surface electrocardiograms commonly used for 
rhythm monitoring have the disadvantages of signal distortion by pa- 
tient movement and base-line drift, which make their use difficult for 
automated monitoring of arrhythmias. Furthermore, differentiation 
of complex arrhythmias with the use of surface electrograms may be 
difficult because of uncertainty in identification of the P wave. Direct 
recording of intraatrial and intraventricular electrograms, which pro- 
vide large atrial (P wave) and ventricular (QRS) signals, respectively, 
facilitates the diagnosis of complex arrhythmias.?-5 

In severely ill patients with heart disease and in patients after 
major surgery, arrhythmias commonly accompany circulatory prob- 
lems. Hemodynamic monitoring in such patients with the use of flow- 
directed balloon catheters is now widely practiced.9 This study re- 
ports the development of and initial clinical experience with a bal- 
loon flotation catheter used to monitor both cardiac arrhythmias and 
hemodynamic status.? 'This catheter can also be used for immediate 
temporary cardiac pacing in case of emergency. 
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FIGURE 1. Balloon flotation electrode 
catheter for cardiac monitoring and 
emergency pacing. The distance 
from the tip is marked in 10 cm inter- 
vals. The position of the proximal (25 
and 26 cm) and distal (17 and 18 cm) 
electrode pairs is indicated by ar- 
rows. The proximal end of the cathe- 
ter consists of the lumen for inflation 
of the balloon, distal lumen and the 
special adapter for the electrode ca- 
bles. 


Method 
Catheter Construction 


The basic device (Fig. 1) is essentially similar to the 
standard flow-directed (Swan-Ganz) catheter® but, in addi- 
tion, incorporates two pairs of electrodes. It is size 7F and 
extruded from polyvinylchloride with three parallel lu- 
mens. One lumen serves to inflate the flow guidance bal- 
loon with 1.5 to 2 ml of air. The bursting volume of the bal- 
loon is 3 ml. The second lumen opens at the tip and is used 
for recording of intravascular pressure and withdrawal of 
blood samples from the central circulation. The third 
lumen carries the leads from the electrodes, which are 
properly insulated to prevent current leakage and con- 
nected to an adapter proximally. For the average patient 
the electrodes are located on the shaft of the catheter, 17 
and 18 cm and 28 and 29 cm from the tip for the ventricu- 
lar and atrial electrodes, respectively. When the catheter 
tip is in the pulmonary artery or its main branches, the 
proximal (with reference to the catheter tip) electrodes lie 
in the upper part of the right atrium and the distal elec- 
trodes in the right ventricle. The electrical signals are am- 
plified and displayed on an oscilloscope and examples re- 
corded on the Brush recorder. 

The catheter shaft is stiffened up to the ventricular elec- 
trodes so that an acute angle forms at the site of the distal 
electrodes between the stiffer proximal and more flexible 
distal portion. This arrangement carries the electrodes 
toward the right ventricular endocardium and permits con- 
sistent right ventricular endocardial pacing (Fig. 2). 


Catheter Insertion 


The catheter is inserted at the bedside, usually into a 
median basilic or deep brachial vein by a cutdown proce- 
dure. When the catheter is inserted without fluoroscopic 
control, intracardiac pressure at the catheter tip and the 
bipolar electrogram from the proximal pair of electrodes 
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PROXIMAL ELECTRODES 


are monitored. The balloon is inflated when the catheter 
has been advanced 40 cm from the right arm or 50 cm from 
the left arm. We prefer insertion from the left arm, because 
passage of the catheter from the right arm is occasionally 
difficult because of the usual acute angle at the junction of 
the superior vena cava and the right subclavian vein. When 
the tip reaches the pulmonary artery, the proximal elec- 
trodes record characteristic intraatrial signals and the dis- 
tal electrodes ventricular signals. 

The ideal catheter position is such that the proximal 
electrodes record a high right atrial electrogram, that is, a 
large atrial complex (P wave) and a proportionately small 
ventricular complex (QRS). In this position a characteristic 
intraventricular electrogram, that is, large QRS complex 
and very small P wave, is recorded from the distal elec- 
trodes and pulmonary arterial pressure is recorded from 
the tip with the balloon deflated (Fig. 3). When portable 
fluoroscopic equipment is available in the cardiac care unit, 
such proper placement of the catheter can be facilitated. 


Initial Clinical Trials 


The new catheter has been evaluated in 43 patients 
with a wide variety of cardiac diagnoses, with and 
without cardiac arrhythmias. Preliminary observa- 
tions on its value and examples of its application fol- 
low. 

Ease of insertion: When the catheter was passed 
at the bedside without fluoroscopy, the passage time 
to the pulmonary artery was similar to that of the 
standard (Swan-Ganz) flotation catheters; serious 
ventricular arrhythmias during passage were uncom- 
mon. However, 2 to 11 premature ventricular con- 
tractions were observed during the passage of the 
catheter in 10 of 43 patients. 

Stability of intracardiac electrograms: When 
the catheter was properly positioned, that is, with the 
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FIGURE 2. Lateral chest X-ray film of a patient with the balloon flo- 
tation electrode catheter in position. When the catheter tip is in the 
pulmonary artery, an acute angle forms in the right ventricular cavity 
(arrow). The distal electrodes are situated at the peak of the angle 
and thus lie closer to the ventricular endocardium. 


proximal electrodes in the high right atrium and dis- 
tal electrodes in the right ventricle, signals recorded 
with appropriate filters (atrial, 50 to 300 hertz; ven- 
tricular, 15 to 300 hertz) were very stable. There was 
virtually no base-line drift and respiratory variation 
was slight. During movement of the patient, when the 
surface electrogram was distorted by artifacts, both 

















intraatrial and intraventricular electrograms re- 
mained free of artifacts (Fig. 4). 

Diagnosis of arrhythmias: Simultaneous record- 
ing of intraatrial and intraventricular signals facili- 
tates the diagnosis of arrhythmias (Fig. 5). Differen- 
tiation between supraventricular tachycardia with 
aberrant conduction and atrioventricular (A-V) dis- 
sociation was not possible from analvsis of the sur- 
face electrograms. The presence of independent atri- 
al and ventricular signals in the intracavitary electro- 
grams helped in the diagnosis of A-V dissociation. 

Emergency pacing: In addition to monitoring in- 
tracardiac pressures and cardiac rhythm, this cathe- 
ter allowed prompt initiation of atrial, ventricular or 
A-V sequential pacing. 

Atrial pacing: With the catheter in the appropri- 
ate position, atrial pacing was achieved in the majori- 
ty of patients (Fig. 6). In 39 of 43 patients, the atrial 
pacing threshold was less than 6 milliamperes. Tem- 
porary atrial pacing for more than 24 hours was per- 
formed in two patients. Phrenic nerve stimulation re- 
sulting in diaphragmatic contractions occasionally 
occurred; readjustment of the electrode position and 
use of minimal current usually resolved this problem. 
Atrial pacing was inconsistent in the remaining four 
patients, all of whom had a markedly dilated right 
atrium. For consistent atrial pacing, proper position- 
ing of the catheter as outlined earlier is essential. Use 
of fluoroscopy facilitates proper positioning of the 
proximal electrodes at the right atrial-superior vena 
caval junction. In patients with cardiomegaly, when 
the tip of the catheter was in the distant pulmonary 
arterial branches, the atrial electrodes tended to 
move into the right atrial cavity and atrial pacing 
could not be performed. In such circumstances, the 
catheter needed to be withdrawn to position the atri- 
al electrodes at the atrial-superior vena caval junc- 
tion to achieve atrial pacing. 


FIGURE 3. Simultaneous recordings of intraatrial and 
intraventricular electrograms as well as intracardiac 
pressure with the use of balloon flotation electrode 
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catheter. With the proximal electrodes positioned in 
the high right atrium, intraatrial electrograms (upper 
panel) demonstrate very large P waves and small QRS 
complexes. Intraventricular electrograms recorded 
from the distal electrodes (middle panel) show large 
QRS complexes and very small P waves. Pulmonary 
arterial pressure (balloon deflated) and pulmonary cap- 
illary wedge pressure (balloon inflated) are also record- 
ed (upper panel). Lack of base-line drift and noise arti- 
fact, despite small catheter movement during inflation 
of the balloon, is evident in the intracavitary electro- 
grams. ECG = electrocardiogram; RA = right atrium; 
RV = right ventricle. 


\ 


- Ventricular pacing: Bipolar ventricular pacing 
with the latest model of the electrode catheters (with 
greater shaft stiffness than previous models) was reli- 
able and consistent. Thus, satisfactory and uniform 
ventricular pacing with a threshold of 0.5 to 5 mil- 
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FIGURE 4. Lack of noise artifacts in prix 
intracavitary  electrograms during 
movement of the patient. Although 
recorded surface electrograms are | 
distorted by noise artifact, simulta- ECG 
neously recorded intracavitary elec- Leod II 


trograms are virtually noise-free. 
PULM. ART. = pulmonary arterial. 


FIGURE 5. Diagnosis of complex arrhythmias from 
analysis of simultaneously recorded intraatrial and in- 
traventricular signals with the use of balloon flotation 
electrode catheters. In this instance, differentiation be- 
tween supraventricular tachycardia with aberrant con- 
duction and ventricular tachycardia with A-V dissocia- 
tion was not apparent from the surface electrocardio- 
gram. However, the presence of independent atrial 
and ventricular signals in the intracavitary electro- 
grams establishes the diagnosis of A-V dissociation. 
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FIGURE 6. Atrial pacing with use of balloon flota- 
Lead II 


tion electrode catheters. Consistent atrial pacing 
could be achieved with a threshold of less than 2 
milliamperes. 
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liamperes could be achieved in 16 of the 17 patients . 
in whom the latest model of the electrode catheter 
was tested (Fig. 7). 

Sequential atrioventricular pacing: In the pres- 
ence of complete A-V block, A-V pacing could be per- 
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formed sequentially by using the proximal and distal 
electrodes for atrial and ventricular stimulation, re- 
spectively (Fig. 8). In four patients studied to date, 
the current needed for sequential pacing did not ex- 
. ceed 6 milliamperes. 

Reliable QRS signals for counterpulsation: The 
. distal electrodes can provide very large QRS com- 
plexes, virtually free of noise, that can be used for re- 
liable operation of any device requiring a QRS- 
triggering mechanism. An example is shown in Figure 
9. Consistent counterpulsation was achieved when 
the intraventricular QRS complex was used to trigger 
the external counterpulsation apparatus, in contrast 





to frequent misses observed when the surface electro- 
gram was used for triggering. 

Hemodynamic monitoring: Like other flow-di- 
rected balloon-tipped catheters, this catheter can be 
used for monitoring intracardiac pressures— pulmo- 
nary arterial pressure with the balloon deflated and 
pulmonary capillary wedge pressure with the balloon 
inflated. The lumen opening at the tip also permits 
the withdrawal of blood samples from the central cir- 
culation. 

Discussion 

Intracavitary electrograms from the right atrium 

and right ventricle have been obtained with ease by 
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FIGURE 8. Sequential A-V pacing with 
use of balloon flotation electrode cathe- 
ters in a patient with acute myocardial in- 
farction complicated by third degree A-V 
block. Sequential pacing could be 
achieved with a threshold of 6 milliam- 
peres. Hemodynamics were significantly 
better during sequential pacing (Panel B) 
than in the presence of complete A-V 
block (Panel A). CI = cardiac index. 


PANEL B 


RV ECG TRIGGER 


FIGURE 9. Consistent triggering 
of the external counterpulsation 
apparatus with the use of large 
QRS complexes in the right intra- 
ventricular (RV) electrogram 
(Panel B) in contrast to frequent 
misses observed (arrows) when 
the surface electrogram was used 
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for triggering (Panel A). 


the incorporation of suitable electrodes on the flow- 
directed (Swan-Ganz) catheter. They offer potential 
diagnostic advances and provide stabilized signals 
suitable for computerized monitoring of cardiac rate 
and rhythm. In our brief clinical experience, no 
greater difficulty was encountered in insertion than 
with other Swan-Ganz catheters, and no significant 
complications were encountered. 

Bedside applications: When the catheter was 
properly positioned, ventricular pacing could be 
achieved reliably and consistently. In addition, atrial 
or atrioventricular pacing was usually possible. Sev- 
eral options relative to extended application of bed- 
side catheterization present themselves. First, the 
technique permits cardiac monitoring without sur- 
face leads in cardiac or postoperative patients who 
require hemodynamic monitoring of ventricular func- 
tion for which a Swan-Ganz catheter would be insert- 
ed. In such patients, reliance on a rate meter to indi- 
cate serious arrhythmias would appear feasible. 

Because of the increasing number of patients being 
simultaneously monitored in critical care areas, use 
of automated on-line computer monitoring of cardiac 
rhythm is becoming more and more necessary. Bipo- 
lar intraatrial and intraventricular electrograms re- 
corded from the proximal and distal pairs of elec- 
trodes with appropriate filters provide large atrial (P 
wave) and ventricular (QRS) signals. In addition, 
there is no base-line drift and very little respiratory 
variation, and both atrial and ventricular signals are 
virtually artifact-free. These characteristics of intra- 
cavitary electrograms are particularly suitable for on- 
line computer monitoring of cardiac rhythm. Admit- 
tedly, excessive arm movement may cause displace- 
ment of the electrodes and thereby variation in the 
amplitude of the intracavitary signals. Moderate re- 
straint in the arm movement or subclavian approach 
of catheter insertion will prevent gross catheter 
movements. 

In patients with complex cardiac arrhythmias, atri- 
al electrograms are not commonly obtained. Use of 
the present electrode catheter is rapid and safe. The 
additional availability of simultaneous right ventric- 
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ular electrograms should considerably strengthen the 


diagnostic possibilities of such studies. Furthermore, 
the long-term stability (6 to 24 hours) of such elec- 
trodes may allow for therapeutic evaluation of antiar- 
rhythmic agents to be carried out in selected in- 
stances, with rational selection of therapy based on 
more objective data than has been the case. Such 
data may be recorded and analyzed by portable tape 
equipment (Avionics). 


Both intraatrial and intraventricular electrograms | 
recorded with the use of this catheter are bipolar — 
electrograms; therefore, proper orientation of P and - 


QRS vectors cannot be identified. However, the capa- 


bility of simultaneously recording clear atrial and — 
ventricular signals may substantially aid in the diag- : 
nosis of potentially malignant arrhythmias and con- : 


duction disturbances such as ventricular and supra- 


ventricular premature beats, tachycardia, atrioven- — 


tricular dissociation and atrioventricular block. 
Prophylactic placement of pacemaker catheters is 


sometimes indicated in patients with atrioventricular 1 
or intraventricular conduction abnormalities. This — 
flotation catheter provides standby pacing ability in | 


addition to hemodynamic monitoring and the benefit 


of sequential ventricular pacing after spontaneous or 


induced atrial activation. 

Finally, the availability of atrial pacing may permit 
optimization of the heart rate in a routine manner to 
achieve the most favorable hemodynamic response. 
For this purpose, atrial and ventricular electrodes 
will also be incorporated in certain models of the 
thermodilution catheter. 

Problems: Among the major problems associated 
with application of balloon-tipped electrode cathe- 
ters is the need for several catheters with differences 
in distance between the electrodes and the catheter 
tip and between electrodes to accommodate heart 
chambers and great vessels of various sizes. Also, iso- 
lated amplifiers of high reliability suitable for these 
applications are costly at present. Nevertheless, our 
preliminary experience indicates that important in- 
terpretive and practical benefits can be achieved by 
application of this device. 
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Retrograde catheterization of the left atrium utilizing the Shirey tech- 
nique was successfully performed in four patients with idiopathic hy- 
pertrophic subaortic stenosis. By traversing the inflow tract of the left 
ventricle on pullback from the left atrium to the aorta, this method 
served to separate definitively true hypertrophic subaortic stenosis 
from cavity obliteration. It was accomplished with relative ease and no 
complications. In patients with suspected idiopathic hypertrophic 
subaortic stenosis who are to have retrograde left heart catheteriza- 
tion, this approach to the left atrium is recommended as an alternative 
to the transseptal technique. 


In recent years many noninvasive methods have been developed that 
greatly assist in the recognition and diagnosis of idiopathic hypertro- 
phic subaortic stenosis. At cardiac catheterization the definitive diag- 
nosis of this condition depends on the hemodynamic demonstration 
of a dynamic subvalvular obstruction to left ventricular outflow and 
the angiographic demonstration of narrowing of the left ventricular 
outflow tract during systole by abnormal anterior motion of the ante- 
rior mitral valve leaflet and asymmetric septal hypertrophy.!? Accu- 
rate assessment of the subvalvular obstruction is essential for diagno- 
sis and for meaningful evaluation of subsequent therapy. However, 
intraventricular pressure differences simulating obstruction have 
been shown to occur with cavity obliteration, producing entrapment 
and compression of the catheter by cardiac muscle.*:4 

It is possible to distinguish an intraventricular pressure gradient 
representing true outflow obstruction from one indicating catheter 
entrapment by demonstrating that the catheter lies in the inflow 
tract of the left ventricle at the time that a gradient is recorded. This 
area, just below the mitral valve, never completely empties in systole 
and is proximal to the obstructing muscular septum.?? Catheter 
placement at this site has been accomplished by utilizing the trans- 
septal technique to place a catheter in the left ventricle by way of the 
left atrium. Simultaneous left ventricular and brachial arterial re- 
cordings are obtained to measure the outflow tract gradient as the 
catheter is drawn back through the left ventricular inflow tract and 
across the mitral valve. An alternative method of entering the left 
atrium—retrograde catheterization of the left atrium from the left 
ventricle, as described by Shirey and Sones5— has received little at- 
tention. To our knowledge this retrograde method has not been spe- 
cifically applied for the purpose of validating the intraventricular 


‘gradient in patients with suspected idiopathic hypertrophic subaortic 


stenosis. 

We have studied four consecutive patients with hypertrophic 
subaortic stenosis by retrograde catheterization of the left atrium. 
Left ventricular outflow tract obstruction was evaluated in each case 
by recording pressures while withdrawing the catheter from the left 
atrium to the aorta. Subvalvular left ventricular outflow tract ob- 
struction was documented in each case. 
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TABLE | 
Clinical Data 


IDIOPATHIC HYPERTROPHIC SUBAORTIC STENOSIS—WONG ET AL. 








Age Murmur with LVET Chest 
Case (yr) Valsalva with AN X-ray 
no. & Sex Symptoms Maneuver (% Predicted) ECG Film 
1 39M Chest pain, Increased Left axis devia- Normal 
dyspnea tion 
2 34M Chest pain No change Increased WPW type A LVH 
(148%) 
3 32M None Increased Increased Q waves in leads Normal 
(128%) Il, HH, aVF 
4 19M Chest pain Increased Increased Axis = —120° LVH 
(125%) 





AN = amyl nitrite inhalation; ECG = electrocardiogram; LVET = left ventricular ejection time; LVH = left ventricular hypertrophy; 


WPW = Wolff-Parkinson-White syndrome. 


TABLE Il 
Cardiac Catheterization Data 





Pressures (mm Hg) 





Left 
Case LA E Ventricular 
no. State Mean Inflow Outflow Ao CO Angiogram 
1 Rest 8 145/6 120/6 120/70 5.9 ASH, SAM 
2 Rest 10 220/20 120/20 120/85 4.0 ASH, SAM 
3 Amyl nitrite 5 190/15 110/15 110/80 4.6 ASH, SAM 
4 Amyl nitrite 20 150/20 70/20 70/45 5.0 ASH, SAM 





Ao — aortic pressure (systolic/diastolic); ASH — asymmetric septal hypertrophy; CO — systemic cardiac output (liters/min); LA — 
left atrial; LV = left ventricular (systolic peak/end-diastolic); SAM = systolic anterior motion of the anterior leaflet of the mitral 


valve. 


Material and Methods 


Four consecutive patients with idiopathic hypertrophic 
subaortic stenosis underwent diagnostic cardiac catheter- 
ization. The clinical, hemodynamic and angiographic fea- 
tures of these patients are presented in Tables I and II. All 
patients had documented physical, hemodynamic and angi- 
ographic findings of idiopathic hypertrophic subaortic ste- 
nosis. 

Phonocardiograms and systolic time interval measure- 
ments were made according to the methods of Weissler et 
al.,’ using a four channel direct-writing ink jet recorder 
(Elema Schonander, Mingograf 34). A high impedance mi- 
crophone (EMT25C) was used for heart sounds and an 
EMT510C pressure transducer was utilized for recording 
the carotid arterial tracing. All recordings were obtained si- 
multaneously with electrocardiographic lead II at a paper 
speed of 100 mm/sec. 

Cardiac catheterization was performed with the patient 
in the postabsorptive state after sedation with intramuscu- 
larly administered diazepam or meperidine, or both. Under 
local anesthesia, the brachial artery and vein were isolated 
in the right antecubital fossa. With use of the Seldinger 
technique, a no. 6 Cook multipurpose catheter was intro- 
duced into-the left brachial artery and advanced into the 
aorta for pressure monitoring. Left heart catheterization 
was performed through a brachial arteriotomy with a no. 8 
Shirey catheter. Under fluoroscopic observation, the left 


atrium was entered retrograde with the Shirey catheter 
with use of the following technique: With continuous pres- 
sure monitoring, a large loop was formed in the aorta and 


prolapsed into the left ventricle; the loop was then rotated- 


to point the tip posteriorly until it crossed the mitral valve 
and entered the left atrium. A pullback pressure recording 
was then obtained together with simultaneous aortic pres- 
sure tracings (Fig. 1). If no resting gradient was demon- 
strated, pullback pressure recordings across the mitral 
valve were obtained after administration of amyl nitrite 
(Fig. 2). Cardiac output was determined by the Fick meth- 
od. Left ventricular cineangiography was then performed 
in the 30? right and 60? left anterior oblique projections. 


Results 


Clinical features: All four patients had a subval- 
vular left ventricular outflow gradient documented at 
the time of cardiac catheterization, and all four had 
asymmetric septal hypertrophy and abnormal systol- 
ic anterior motion of the anterior leaflet of the mitral 
valve demonstrated by left ventricular angiography 
(Fig. 3). Three of the patients had chest pain with 
exertion and one was asymptomatic. The physical ex- 
amination of all four patients revealed a systolic ejec- 
tion murmur at the left sternal border. The electro- 
cardiogram was abnormal in each patient. Chest 
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FIGURE 1. Case 2. Continuous retrograde pullback from the left atri- 
um (LA) to the left ventricular (LV) inflow tract (A), the left ventricu- 
lar inflow tract to the left ventricular outflow tract (B) and the left 
ventricular outflow tract to the aorta (C), with simultaneous record- 
ings of aortic pressure. EKG = electrocardiogram. 


roentgenograms revealed left ventricular hypertro- 
phy in two patients and normal findings in two pa- 
tients. 

Intraventricular pressure gradients: Two pa- 
tients had a resting gradient of 25 and 100 mm Hg, 
respectively. The third and fourth patients had no 
gradient at rest but had a gradient of 80 mm Hg after 


ae RARE 
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FIGURE 2. Case 3. Continuous retrograde pullback from the left atri- 
um to the left ventricular inflow tract with simultaneous recording of 
aortic pressure. Tracings recorded during amyl nitrite inhalation. 
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amyl nitrite inhalation (Table II). In each case pur- 
poseful catheterization of the left atrium was accom- 
plished without complication. Catheter-induced ex- 
trasystoles were frequently encountered but were 
easily abolished by adjustment of catheter position. 
There were no episodes of ventricular tachycardia or 
ventricular fibrillation. The procedure required 15 to 
30 minutes from the time the catheter was intro- 
duced into the artery until the left atrium was en- 
tered. Withdrawal of the Shirey catheter from the 
left atrium to the left ventricle, with simultaneous re- 
cording of aortic pressures, revealed a gradient be- 
tween the ventricle and the aorta on the first beat re- 
corded from the left ventricle. Pullback to the aorta 
disclosed the gradient to be subvalvular in all in- 
stances. 

In one instance (Case 4), the pullback was inadver- 
tently abrupt and the catheter loop was observed to 
"flip" with a rotary motion from the inflow to the 
outflow tract of the left ventricle. No gradient was re- 
corded with respect to the aorta on the first intraven- 
tricular pressure tracings (Fig. 4, top). On a second 
withdrawal from the left atrium (Fig. 4, bottom), con- 
trolled withdrawal was achieved, and an immediate 
gradient was documented. 


Discussion 


Since its description by Ross?? in 1958 the trans- 
septal technique of left heart catheterization has 
gained wide acceptance. However, it is not a benign 





procedure, being associated with a small but signifi- 
cant incidence of complications including inadver- 
tent puncture of the aorta, ventricle and pericardium, 
pericardial tamponade, retroperitoneal hemorrhage 
and pulmonary embolism. In 5 to 25 percent of pa- 
tients the technique is unsuccessful.!%!! Occasionally 
physical conditions such as kyphoscoliosis or throm- 
bophlebitis preclude the use of the transseptal ap- 
proach and an alternative method is required. In re- 
cent years, especially since the development of coro- 
nary arteriography, retrograde arterial catheteriza- 
tion of the left side of the heart has become almost 
routine and has decreased the indications for trans- 
septal catheterization of the left heart chambers. In 
many centers transseptal catheterization of the left 
heart chambers is now limited to situations in which 
the pulmonary wedge pressure cannot be obtained 
(or is not a valid reflection of left atrial pressure), the 
aortic valve cannot be crossed retrograde, or idio- 
pathic hypertrophic subaortic stenosis is present. 
Patients with idiopathic hypertrophic subaortic 
stenosis must be distinguished from patients with 
spurious pressure gradients related to cavity oblitera- 
tion and catheter entrapment. This is of particular 
importance if surgery is contemplated since patients 
with cavity obliteration are usually not candidates for 
surgical intervention. Demonstration of an intraven- 
tricular pressure gradient with a high pressure zone 
on the immediate ventricular side of the mitral valve 
supports the diagnosis of true muscular obstruction. 
A catheter in this position cannot be entrapped in 
left ventricular muscle. One method of guaranteeing 
proper catheter position is to approach the left ven- 
tricle through the left atrium. During a pullback trac- 
ing from the left ventricular apex to the left atrium 
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FIGURE 3. Case 2. Left ventricular angiogram in 
the left anterior oblique position during systole 
(left) and diastole (above). Pointer indicates the 
anterior leaflet of the mitral valve (AML) obstructing 
the left ventricular outflow tract during systole. 
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FIGURE 4. Case 4. Two retrograde pullback recordings from the left 
atrium. In top panel, the catheter flipped from the left ventricular 
(LV) inflow tract to the outflow tract and was then advanced to the 
body of the left ventricle. In bottom panel, a controlled pullback into 
the inflow tract was observed fluoroscopically. 
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the catheter traverses the left ventricular inflow tract 
to distinguish true obstruction from catheter entrap- 
ment. Conversely, a catheter introduced in retro- 
grade fashion into the left atrium traverses the same 
zone when withdrawn from the left atrium to the 


aorta. 


In 1966, Shirey and Sones® first described their ex- 


_ perience with retrograde left heart catheterization 
_ utilizing the Shirey catheter. In their series of 315 pa- 
tients, the left atrium was successfully entered in 90 


percent of cases. The success rate was 85 percent in 
patients with mitral stenosis and 97 percent in pa- 
tients with mitral regurgitation. The complications 
encountered were five episodes of ventricular fibrilla- 
tion and one episode of ventricular tachycardia, all 
successfully treated. There were two episodes of he- 


 mopericardium related to catheter puncture of the 


left ventricular myocardium. 
The retrograde approach for catheterization of the 
left atrium in patients with idiopathic hypertrophic 


_subaortic stenosis has been previously mentioned.?.!? 


Both Ross et al? and Gault and Simon!” used the 


_transseptal approach as the method of choice, but in 
- both series there was one patient whose left atrium 


was entered retrograde. Ross et al. commented that 
this occurrence was not surprising since the anterior 


leaflet of the mitral valve was contiguous with the 


aorta and could be traversed in diastole. Moreover, 


because significant mitral regurgitation is present in 
50 percent of patients with idiopathic hypertrophic 


subaortic stenosis, one would not expect the retro- 


grade approach to be difficult in these patients. The. 


resting gradient in our four patients with idiopathic 
hypertrophic subaortic stenosis ranged from none to 
severe. Three of the four patients had mild mitral re- 
gurgitation. Retrograde catheterization of the left 
atrium was performed with relative ease and with no 
complications. Catheter-induced extrasystoles often 
occurred, but there were no episodes of ventricular 
tachycardia or fibrillation. Even though our laborato- 
ry does not use this procedure routinely, the time re- 
quired to perform it is comparable to that required 
for transseptal catheterization, and the risk of serious 
complications is less. 

A false negative result can occur, but can be antici- 
pated if the pullback is observed under fluoroscopy. 
If the catheter loop moves abruptly, with a rotary 
motion, it can move rapidly from the left ventricular 
inflow to the outflow tract, entering the infundibu- 
lum, and demonstrating no gradient. A slow, con- 
trolled withdrawal, without sudden changes in posi- 
tion, is unlikely to yield misleading results. 

Thus, if retrograde arterial catheterization of the 
left side of the heart is proposed for patients with 
suspected idiopathic hypertrophic subaortic stenosis, 
we would advocate use of retrograde catheterization 
of the left atrium. The technique would eliminate the 
need for transseptal catheterization, with its atten- 
dant risk of complications and requirement of a sepa- 
rate entry site. 
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and administration of an analeptic and vasopressor 
led to complete recovery within 24 hours. Tolazoline 
in intravenous doses of 10 mg at 30-minute intervals 
abolishes all effects of Catapres overdosage. 


Chlorthalidone: Symptoms of overdosage include 
nausea, weakness, dizziness, and disturbances of 
electrolyte balance. There is no specific antidote, but 
gastric lavage is recommended, followed by suppor- 
tive treatment. Where necessary, this may include 
intravenous dextrose and saline with potassium 
administered with caution. 


How Supplied: Combipres® 0.1 (Each tablet contains 
clonidine hydrochloride, 0.1 mg + chlorthalidone, 

15 mg). It is available as pink, oval, single-scored 
compressed tablets in bottles of 100. 


Combipres® 0.2 (Each tablet contains clonidine 
hydrochloride, 0.2 mg + chlorthalidone, 15 mg). It is 
available as blue, oval, single-scored compressed 
tablets in bottles of 100. 


For complete details, please see full prescribing 
information. 
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one way...With Philip 
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The patient remains stationary You can scan freely in any 
during catheterization. patient plane...with one hand. 


Why? Because the Cardio Why? Superb engineering. With 
Diagnost's U-arm rotates the one hand and virtually no effort, 
X-ray beam around the patient you can elevate, lower or rotate 
And the entire U-arm can be the U-arm to scan freely in any 
raised or lowered effortlessly. patient plane. The scanning 
An easier, more efficient exami- motion can be locked at right 
nation...a stationary, comfort- angles to the central ray and 
able, more cooperative patient scanning can be kept close to 
the chest wall. Your other hand 
is free for catheter control. 


PHILIPS 





TETEE 
Cardio Diagnost 


The finest image quality 
available...in fluoroscopy and 
35mm cine. 


Why? Philips 6’ Image intensi- 
fier provides the finest contrast 
and resolution available. The 

l.l. is close to the chest wall; the 
distance from tube to intensi- 
fier is fixed; beam collimation 

is precise. 





A built-in patient transfer 
system. 


Why? Because the Cardio’s 
examination table is actually a 
mobile cart. The patient can be 
prepped, examined and wheeled 
to a post-op room on the same 
table. Multiple carts make this 
feature extremely valuable 
wherever cardiac angiography 
is a routine procedure. 


Need more why’s? Ask any one 
of our many satisfied users. Or 
write us. We'll provide all you 
need...or show you the one way 
in a major institution near you. 


PHILIPS MEDICAL SYSTEMS, IN¢ 
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THE PRESENCI AMMASLE ANESTHETICS 


The Swan-Ganz* Catheter 
simplified monitoring. It took 
you out of the cath lab and into 
ICU/CCU. 

The Datascope Wedge 
Pressure Group can simplify 
your job at the bedside even 
more. 

First, we've simplified the 
job of passing the catheter. 
Ours is the only monitor made 
that has an electronic cursor, a 


unique movable reference trace. 


It makes reading the pressure 
changes much easier, much 


DAT, 
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faster, much more accurate. 

And once the catheter has 
been passed, we ve simplified 
the job of monitoring. In fact, 
we vetaken it to the point where 
the nursing staff can handle it 
without any assistance. 

If you've gotten used to big, 
bulky monitoring equipment, 
our wedge pressure group will 
come as a pleasant surprise. 

It's extremely light, and com- 
pact. It easily fits at bedside. 

And it's portable. You can 
move it where you need it, 





when you need it. 

50 you dont have to have 
a unit for every bed. 

Which not only makes life 
simpler for the people who use 
It, but also for the people who 
buy it. 

For more information on 
the Datascope Wedge Pressure 
Group, write: Datascope Corp., 
580 Winters Ave., Paramus, 
N.J. 07652. 


THE DATASCOPE 
MONTTOR GROUP 


Registered Trademark of Edwards Laboratories, Division of American Hospital Supply Corp. 
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THE 
AMERICAN JOURNAL 
OF CARDIOLOGY 


I YEAR 


CUMULATIVE 
INDEX 


Covers all material published in THE AMERICAN 
JOURNAL OF CARDIOLOGY from January 1968 
through December 1972. 





e CLINICAL STUDIES 

e EXPERIMENTAL STUDIES 

e SYMPOSIA 

e REPORTS ON THERAPY 

e REVIEWS 

e SEMINARS 

e CASE REPORTS 

e DIAGNOSTIC SHELF 

e HISTORICAL MILESTONES 

Includes Author Index—and— Subject Index 

All subjects are cross indexed for quick and easy reference 
*There is a limited supply of the 10 Year Cumulative Index 
available — January 1958 through December 1967 — Price 
$10.00. While supply lasts order both for only $15.00. 


Please use order form below. 


THE AMERICAN JOURNAL OF CARDIOLOGY 
P.O. Box 1172, Radio City Station, New York, N.Y. 10019 


Send me THE AMERICAN JOURNAL OF CARDIOLOGY 
Cumulative Index or Indexes as checked below. 


[] Enclosed is my check for $8 for 
5 YEAR CUMULATIVE INDEX 1968-1972 


[] Enclosed is my check for $10 for 
10 YEAR CUMULATIVE INDEX 1958-1967 


[] Enclosed is my check for $15 for both 
the 5 and 10 YEAR CUMULATIVE INDEXES 
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Peritrute SA Sustained Action 
. r 
(pentaerythritol tetranitrate) 80mg 
CAUTION: Federal law prohibits dispensing 
without prescription. 
Description: Each tablet of Peritrate SA 
Sustained Action contains: pentaerythritol 
tetranitrate 80 mg (20 mg in immediate 
release layer and 60 mg in sustained release 
base). Peritrate* (pentaerythritol tetrani- 
trate) isa nitric acid ester of a tetrahydric 
alcohol (pentaerythritol). 


Indications: Based on a review of this drug 
by the National Academy of Sciences — 
National Research Council and/or other 
information, FDA has classified the indica- 
tions as follows: 

"Possibly" effective: Peritrate (penta- 
erythritol tetranitrate), is indicated for the 
relief of angina pectoris (pain associated 
with coronary artery disease). It is not 
intended to abort the acute anginal 
episode but it is widely regarded as use- 
ful in the prophylactic treatment of angina 
pectoris. 

Final classification of the less-than- 
effective indications requires further 
investigation. 


Contraindications: Peritrate SA Sustained 
Action (pentaerythritol tetranitrate) 80 mg is 
contraindicated in patients who have a history 
of sensitivity to the drug. 

Warning: Data supporting the use of Peritrate 
(pentaerythritol tetranitrate) during the 

early days of the acute phase of myocardial 
infarction (the period during which clinical 
and laboratory findings are unstable) are 
insufficient to establish safety. 

This drug.can act as a physiological 
antagonist to norepinephrine, acetylcholine, 
histamine, and many other agents. 
Precautions: Should be used with caution in 
patients who have glaucoma. Tolerance to 
this drug, and cross-tolerance to other nitrites 
and nitrates may occur. 

Adverse Reactions: Side effects reported to 
date have been predominantly related to rash 
(which requires discontinuation of medication) 
and headache and gastrointestinal distress, 
which are usually mild and transient with con- 
tinuation of medication. In some cases severe 
persistent headaches may occur. 

In addition, the following adverse reactions 
to nitrates such as pentaerythritol tetranitrate 
have been reported in the literature: 

(a) Cutaneous vasodilatation with flushing. 

(b) Transient episodes of dizziness and 
weakness, as well as other signs of 
cerebral ischemia associated with 
postural hypotension, may occasionally 
develop. 

(c) An occasional individual exhibits marked 
sensitivity to the hypotensive effects of 
nitrite and severe responses (nausea, 
vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur, 
even with the usual therapeutic doses. 
Alcohol may enhance this effect. 

Dosage: Peritrate SA Sustained Action 
(pentaerythritol tetranitrate) 80 mg (b.i.d. on 
an empty stomach), | tablet immediately on 
arising and 1 tablet 12 hours later. Tablets 
should not be chewed. 

Supplied: Peritrate SA Sustained Action 
(pentaerythritol tetranitrate) 80 mg, double 
layer, biconvex, dark green/light green tablets 
in bottles of 100 (N 0047-0004-51) and 1000 

(N 0047-0004-60). Also in unit dose — package 
of 10 x 10 strips (N 0047-0004-11). 

Additional Dosage Forms: Peritrate 20 mg — 
light green, scored tablets in bottles of 100 

(N 0047-0001-51] and 1000 (N 0047-0001-60). 
Also in unit dose — package of 10 x 10 strips 

(N 0047-0001-11). Peritrate 10 mg —light green, 
unscored tablets in bottles of 100 (N 0047- 


0007-51) and 1000 (N 0047-0007-60). 


Please add appropriate sales tax if in New York State : : 1 t 
Full information is available on request. 





The Great Wall of China, an immense 
1,400-mile-long man made barrier 20 to 
30 feet high and 15 to 20 feet thick, 
helped defend China from the attack of 
Mongol hordes for more than 2,000 years. 


"The drug has been evaluated as possibly 
effective for this indication. 
See brief summary. 


For over 22 years, Peritrate” has been 
considered by many physicians as oñe 
of the top defensive measures for 
patients with angina pectoris. In many 
patients Peritrate used prophylactically 
helps decrease the frequency and sever- 
ity of angina attacks* With minimal 

side effects. 


Peritrate can also help reduce nitro- 
glycerin requirements and, therefore, 
nitroglycerin side effects. Is it any 
wonder so many physicians continue to 
prefer Peritrate prophylaxis for their 
angina patients? 


LONG-ACTING PROTECTION 
AGAINST ANGINA PAIN* 


Peritrate SA 


sustained Action 
(pentaerythritol tetranitrate) 80mg 


Warner/ Chilcott 


Div. Warner-Lambert Company 
Morris Plains, N.J. 07950 
PE-GP-51 
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antihypertensive action 
at the vasomotor centers 
in the brain 


Catapres 


(clonidine i 7 
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Central action 


Catapres appears to lower 
blood pressure through 
central alpha-adrenergic 
stimulation, as shown in 
animal studies. This results 
in diminution — but not 
blocking — of sympathetic 
outflow from cardioaccelera- 
tor and vasoconstrictor 
centers in the medulla. 


p 


Not a “depleter”, 


“blocker”, “inhibitor” or 
“false transmitter” 


Not a rauwolfia 


BOEHRINGER 
INGELHEIM 


Boehringer Ingelheim 





Boehringer Ingelheim Ltd. 


alida Ah dald- 


Effective in hypertension, 
mild to severe 





Mild and infrequent orthostatic hypotension 





Normal hemodynamic responses to exercise 


are unaffected 





Renal blood flow and glomerular filtration rate 


essentially unchanged 





Mild to moderate potency 





The most common side effects are dry mouth, drowsiness and 
sedation. These generally tend to diminish with continued therapy. 
Other potential adverse reactions are listed in the Brief Summary. 


Catapres? (clonidine hydrochloride) 
Tablets of 0.1 mg and 0.2 mg 


Indication: The drug is indicated in the 
treatment of hypertension. As an antihy- 
pertensive drug, Catapres (clonidine 
hydrochloride) is mild to moderate in 
potency. It may be employed in a general 
treatment program with a diuretic and/or 
other antihypertensive agents as needed 
for proper patient response. 


Warnings: Tolerance may develop in some 
patients necessitating a reevaluation of 
therapy. 

Usage in Pregnancy: In view of embryo- 
toxic findings in animals, and since infor- 
mation on possible adverse effects in 
pregnant women is limited to uncontrolled 
clinical data, the drug is not recommended 
in women who are or may become preg- 
nant unless the potential benefits outweigh 
the potential risk to mother and fetus. 
Usage in Children: No clinical experience 
is available with the use of Catapres 
(clonidine hydrochloride) in children. 


Precautions: When discontinuing Catapres 
(clonidine hydrochloride), reduce the dose 
gradually over 2 to 4 days to avoid a pos- 
sible rapid rise in blood pressure and 
associated subjective symptoms such as 
nervousness, agitation, and headache. 
Patients should be instructed not to dis- 
continue therapy without consulting their 
physician. Rare instances of hypertensive 
encephalopathy and death have been re- 
corded after cessation of clonidine hydro- 
chloride therapy. A causal relationship has 
not been established in these cases. It has 
been demonstrated that an excessive rise 
in blood pressure, should it occur, can be 
reversed by resumption of clonidine 
hydrochloride therapy or by intravenous 
phentolamine. Patients who engage in 
potentially hazardous activities, such as 
operating machinery or driving should be 
advised of the sedative effect. This drug 
may enhance the CNS-depressive effects 
of alcohol, barbiturates and other seda- 
tives. Like any other agent lowering blood 
pressure, clonidine hydrochloride should 
be used with caution in patients with severe 
coronary insufficiency, recent myocardial 
infarction, cerebrovascular disease or 
chronic renal failure. 

As an integral part of their overall long- 
term care, patients treated with Catapres 
(clonidine hydrochloride) should receive 
periodic eye examinations. While, except 
for some dryness of the eyes, no drug- 
related abnormal ophthalmologic findings 
have been recorded with Catapres. in 


several studies the drug produced a dose- 
dependent increase in the incidence and 
severity of spontaneously occurring retinal 
degeneration in albino rats treated for 

6 months or longer. 


Adverse Reactions: The most common 
reactions are dry mouth, drowsiness and 
sedation. Constipation, dizziness, head- 
ache, and fatigue have been reported. 
Generally these effects tend to diminish 
with continued therapy. The following re- 
actions have been associated with the drug, 
some of them rarely. (In some instances 
an exact causal relationship has not been 
established). These include: Anorexia, 
malaise, nausea, vomiting, parotid pain, 
mild transient abnormalities in liver func- 
tion tests; one report of possible drug- 
induced hepatitis without icterus and 
hyperbilirubinemia in a patient receiving 
clonidine hydrochloride, chlorthalidone 
and papaverine hydrochloride. 

Weight gain, transient elevation of blood 
glucose, or serum creatine phospho- 
kinase; congestive heart failure, Raynaud's 
phenomenon; vivid dreams or nightmares, 
insomnia, other behavioral changes, ner- 
vousness, restlessness, anxiety and mental 
depression. Also rash, angioneurotic 
edema, hives, urticaria, thinning of the 
hair, pruritus not associated with a rash, 
impotence, urinary retention, increased 
sensitivity to alcohol, dryness, itching or 
burning of the eyes, dryness of the nasal 
mucosa, pallor, gynecomastia, weakly 
positive Coombs' test, asymptomatic elec- 
trocardiographic abnormalities manifested 
as Wenckebach period or ventricular 
trigeminy. 


Overdosage: Profound hypotension, weak- 
ness, somnolence, diminished or absent 
reflexes and vomiting followed the acci- 
dental ingestion of Catapres (clonidine 
hydrochloride) by several children from 
19 months to 5 years of age. Gastric lavage 
and administration of an analeptic and 
vasopressor led to complete recovery 
within 24 hours. Tolazoline in intravenous 
doses of 10 mg at 30-minute intervals 
usually abolishes all effects of Catapres 
(clonidine hydrochloride) overdosage. 


How Supplied: Catapres, brand of cloni- 
dine hydrochloride, is available as 0.1 mg 
(tan) and 0.2 mg (orange) oval, single- 
scored tablets in bottles of 100. 


For complete details, please see full 
prescribing information. 
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Now theres anther way 


Emergency treatment forlife-threatening ventricular arrhythmias... 
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When an appropriate dose of Xylocaine is administered by 
the intramuscular (deltoid) route, effective antiarrhythmic 
blood levels are usually attained within 5-15 minutes and 

may persist for 60-90 minutes. Xylocaine Intramuscular is 3 


specifically indicated in the acute management of life- 


threatening ventricular arrhythmias when justified: 


* by a physician when ECG equipment is not available to 
verify diagnosis, but potential benefits may outweigh 


possible risks 


* by a physician when IV facilities are not available 


* by paramedical personnel in a mobile coronary care unit 
directed by a physician viewing a transmitted ECG 


New Xylocaine (lidocaine) HCI 
Intramuscular injection for cardiac arrhythmias 
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Before prescribing or administering, please 
consult complete product information, a 
summary of which follows: 
Contraindications: Patients with known 
hypersensitivity to local anesthetics of the 
amide type, and patients with Adams-Stokes 
syndrome or severe degrees of sinoatrial, 
atrioventricular or intraventricular block. 
Warnings: ASPIRATE FREQUENTLY TO 
AVOID INADVERTENT INTRAVAS- 
CULAR ADMINISTRATION. 

ECG monitoring is recommended. However, 
in emergency situations when a physician 
suspects ventricular arrhythmia and ECG 
equipment is not available, a single dose 

l- may be administered when the physician 
determines potential benefits outweigh possi- 
ble risks. If possible, have emergency resus- 
citative drugs and equipment immediately 
available to manage potential adverse re- 


Usual dosage: For the average 150 Ib man, 3 ml (300 mg) 
injected in deltoid muscle. See complete instructions in 
package insert. 
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actions involving cardiovascular, respiratory, 
or central nervous systems. 

Intramuscular use of Xylocaine* may result 
in increased creatine phosphokinase levels 
and compromise the use of this enzyme deter- 
mination, without isoenzyme separation, in 
diagnosing acute myocardial infarction. 
Pediatric use is not recommended. 
Precautions: Observe usual precautions in 
the presence of impaired renal or hepatic 
function, hypovolemia and shock, and all 
forms of heart block. 

Adverse Reactions: Although serious 
adverse reactions to Intramuscular Xylocaine 
have been rare, the following previously 
have been reported following lidocaine 
administration: 
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1. Central Nervous System—lightheadedness; 
drowsiness; dizziness; apprehension; eupho- 
ria; tinnitus; blurred or double vision; vomit- 
ing; sensations of heat, cold, or numbness; 
twitching; convulsions; unconsciousness; 
respiratory depression and arrest. 

2. Cardiovascular System—hypotension; 
cardiovascular collapse; bradycardia which 
may lead to cardiac arrest. 

Cross-sensitivity with procainamide or quini- 
dine has not been reported. 

Soreness at injection site, occasionally. 
Supplied in 5 ml ampules, in cartons of 10. 
Each ml contains 100 mg of Xylocaine HCl 
and sodium hydroxide to adjust pH. A 3 ml 
injection provides the recommended dose. 
FOR INTRAMUSCULAR USE ONLY. 


Astra Pharmaceutical Products, Inc. 
\Vorcester, Massachusetts 01606 
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"...improvements in the thermograms were 
attributed to an increase in cerebral blood flow 
due to the direct vasodilating effect of Cerespan 
(papaverine hydrochloride).’’* 


To help increase blood flow to the brain... 
to help lessen the impact of transient ischemic 
attacks 


Simple q. 12 h. dosage encourages adherence to 
the therapeutic regimen 


*Karpman, H. L. and Sheppard, J. J.: Effect of Papaverine 
Hydrochloride on Cerebral Blood Flow as Measured by 
Changes in Thermograms in Patients with Cerebrovascular 
Disease. Data on file, Department of Medical Research, 
USV Pharmaceutical Corp. 
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BRIEF SUMMARY: Each Cerespan capsule contains papaverine HCI 
150 mg. in micro-dialysis cells. 

Indications and Dosage: For relief of cerebral and peripheral ischemia 
associated with arterial spasm, 1 capsule q. 12 h. 

Precautions: Use with caution in glaucoma. Discontinue drug if hepatic 
hypersensitivity with gastrointestinal symptoms, jaundice, eosinophilia 
and altered liver function tests occur. 

Adverse reactions: Anorexia, nausea, abdominal distress, constipation 
or diarrnea, skin rash, malaise, drowsiness, vertigo, sweating and 
headache 

Supplied: Bottles of 100 and 1000; drums of 5000; single-dose blister 
pack, boxes of 500. 
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Methods for angiographic determination of right ventricular volume 
were compared in right ventricular cast studies and in vivo using a . 
semiautomated Simpson's rule, elliptical and rectangular cross sec- 
tions and a simple geometric model, a prism with a triangular base. In 
cast studies excellent correlation coefficients were obtained for all 
three methods (r — 0.97 to 0.98). In vivo, excellent linear correlation 
was obtained when the methods were compared (r — 0.98 to 0.99, P 
« 0.001). 

Normal mean right ventricular volumes (70 patients) in milliliters per 
square meter +1 standard deviation were: end-diastolic volume 64 + 
15, end-systolic volume 25 + 8 and stroke index 39 + 11; ejection 
fraction was 0.61 + 0.08. Normal mean left ventricular end-diastolic 
and end-systolic volumes (77 patients) were lower (59 and 19, re- 
spectively), and ejection fraction was higher (0.68). Stroke index was 
the same. Other results showed decreased mean end-diastolic and 
end-systolic volumes and stroke index, increased ejection fraction (P 
«0.001, «0.025, «0.025 and «0.005, respectively) in 34 patients with 
pulmonary stenosis, and increased mean end-diastolic and end-systol- 
ic volumes and stroke index (P «0.001, «0.050, «0.001, respectively) 
in 11 patients with an atrial left to right shunt. In both groups postoper- 
atively, as well as in patients with a ventricular septal defect, tetralogy 
of Fallot or myocardial disease, mean volumes and ejection fraction 
were normal. 

We conclude that a geometric model can be used to determine right 
ventricular volume with accuracy. In children, the right ventricle can 
adapt reversibly to chronic increases in afterload and preload; it is not 
necessarily overloaded by a ventricular septal defect or tetralogy of 
Fallot, and it is relatively unaffected by severe myocardial disease. 


Simpson's rule has been shown to be an accurate method for angio- 
graphic determination of right ventricular volume.'? This method 
has had limited clinical use and right ventricular volume data are 
scanty because of the time-consuming and tedious measurements and 
calculations required when the technique is performed manually. The 
purpose of this paper is threefold: (1) to describe a semiautomated 
system for right ventricular volume determination by Simpson's rule; 
(2) to compare this system with a simple geometric model used as a 
basis for simplified manual right ventricular volume determination; 
and (3) to present right ventricular volume data in a large group of 
infants and children, with both normal and abnormal right ventricles. 


Methods 


Ventricular Volume Determinations 


Right ventricular casts: Radiopaque plastic casts of dog, monkey, ba- 
boon and lamb hearts were made, utilizing Batson's no. 17 Anatomical Corro- 
sion Compound (Polysciences, Inc., Rydal, Pa.). Forty-eight casts with right 
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ventricles ranging in volume from 0.36 to 95.48 cc were pre- 
pared. The hearts were pressure-fixed? and injected with 
the partially polymerized liquid mixed with barium sulfate 
paste to make it radiopaque. After the casts hardened the 
heart tissue was dissected free, the residual tissue was di- 
gested with concentrated potassium hydroxide solution, 
and the respective chamber casts were cut apart. True vol- 
umes were determined by water displacement. Radiograph- 
ic volumes were determined from biplane frontal and later- 
al radiographs of the casts placed in anatomic position. The 
films were projected and the cast outlines traced by hand 
on paper. Plastic grids with 1 by 1 cm lead lines were radio- 
graphed at the center of each cast in both projections for 
purposes of correction for X-ray magnification. 

Simpson's rule: Volumes were calculated by Simpson's 


. rule, assuming the cross-sectional areas to be either ellipti- 


cal or rectangular. Manually, the drawings of the frontal 
and lateral projections were divided into 10 equally spaced 
sections by 11 horizontal lines. The volume of each section 
was 7 - X/2 - Y/2 - h for the elliptical cross section (where X 
is the frontal diameter and Y is the lateral diameter of the 
ellipse and h is the height of the section). For the rectangu- 
lar cross section, the volume of each section was X - Y-h 
(where X is the frontal length and Y the lateral length of 
the rectangle and h is the height of the section). The sec- 
tions were then summed to give the volume of the solid, as 
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for the elliptical cross-section and 
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for the rectangular cross section. 

By the semiautomated method, the drawings were 
traced with an electronic planimeter (Numonics Corpora- 
tion, electronic graphics calculator) linked to a program- 
ming calculator (Wang 700C series) and plotting output 
writer (Wang 702 series). Using the X, Y coordinates the 
calculator was programmed to automatically divide the 
drawings by horizontal lines spaced at 5 mm intervals and 
to calculate the volumes by the formulas given above. 

Prism method: By inspection of the casts it was consid- 
ered that a prism with a triangular base was the simple 
geometric solid that most closely corresponded to the shape 
of the right ventricular casts. The frontal and lateral pro- 
jections were assumed to be rectangular and to form the 
sides of a triangle in the horizontal plane. 

The model and derivation of the formula for its volume 
are shown in Figure 1A. Simplified, the formula is Aç- A;/ 


2L, where A; is the area of the frontal projection, A; is the 
area of the lateral projection and L is the average of the ' 
frontal and lateral lengths. Frontal length was measured as 
the length of a perpendicular drawn between two parallel 
lines that intersected the top and bottom of the frontal 
projection. Lateral length was measured from the top of the 
pulmonary valve to the apex of the lateral projection (Fig. 
1B). Areas were determined by planimetry. 

For each method, calculated volumes were plotted 
against true volumes and a linear regression analysis was 
made. 

In vivo volume determinations: Right and left ventric- 
ular volumes were determined from biplane cineangiocar- 
diograms performed as a part of routine diagnostic cardiac 
catheterization studies. All patients were studied in the 
postabsorptive state. Only patients older than age 6 
months were sedated with use of meperidine (Demerol®), 
promethazine (Phenergan®) and methazine (Sparine®) in 
intramuscular doses of 0.5 to 1 mg/kg, 0.25 to 0.5 mg/kg 
and 0.25 to 0.5 mg/kg, respectively. For patients older than 
age 2 years, additional sedation with droperidol-fentany] 
(Innovar®), 0.025 cc/kg up to 1 cc intravenously, was given 
if required. Biplane cineangiocardiograms were filmed at 
64 or 80 frames/sec after the high speed injection of 1 to 2 
cc/kg of contrast medium (Conray 4009) into the inferior 
vena cava or right atrium. Cycles with premature contrac- 
tions were not used. The earliest cardiac cycle with suffi- 
cient contrast to allow accurate tracing of chamber outlines 
was utilized, and in most cases right and left heart volumes 
could be determined from the same injection. Correction 
was made for X-ray magnification by a grid system as de- 
scribed earlier. 

Comparison of right and left ventricular volumes: 
Left ventricular volumes were determined by the standard 
Dodge biplane method,’ assuming the left ventricle to be 
an ellipse of revolution. The volume was calculated as 4z/ 
3-L/2-L2/2-L3/2, where L; = the longer of two lines drawn 
from the center of the aortic valve to the apex in the frontal 
and in the lateral projections, Lo = the short axis of the 
frontal projection and Ls = the short axis of the lateral pro- 
jection. Li was measured directly; Lo and La were calculat- 
ed by the formulas: Lo = 4A¢/xL and La = 4A;/xL1, where 
Ar and A, are the areas of the frontal and lateral projec- 
tions of the ventricle, respectively. Volumes were corrected 
by a regression equation determined from left ventricular 
cast studies: V’ — 0.85V, where V’ = corrected volume and 
V = calculated volume. 

As a test of the methods, angiographic stroke volumes of 
the right and left ventricles were compared in 91 infants 
and children with no shunts or valvular insufficiency. Right 
and left ventricular volumes and ejection fractions were 
also compared in two groups of patients believed to have 
normal right or left heart chambers (70 and 77 patients, re- 
spectively). 

Comparison of methods: Angiographic right ventricular 
volumes were determined by Simpson's rule (semiautomat- 
ed method), elliptical and rectangular cross sections and 
the prism method in 218 infants and children and the re- 
sults compared after correction with the appropriate re- 
gression equations obtained from the cast studies. 


Case Material 


Normal right ventricular volumes: Right ventricular 
volume was determined in 70 infants and children believed 
to have a normal right heart chamber. All patients in this 
group had a peak systolic pressure of less than 35 mm Hg 
and an end-diastolic pressure of less than 5 mm Hg in the 
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right ventricle. The group contained 31 patients with nor- 
mal hemodynamic status studied because of arrhythmias, 
pulmonary disease, mediastinal masses, abnormal electro- 
cardiograms or atypical murmurs. Nine patients had a 
small patent ductus arteriosus and five had undergone sur- 
gical closure of a patent ductus. Four patients had mild 
pulmonary stenosis (peak systolic gradient less than 15 mm 
Hg), 10 had mild to moderate aortic stenosis and 2 had un- 
dergone surgery for aortic stenosis. Five patients had mild 
to moderate mitral insufficiency, one mitral stenosis, one 
mild aortic insufficiency and two systemic hypertension. 
Their ages ranged from 0.5 to 21.75 years and body surface 
areas from 0.35 to 1.83 m°. 

Abnormal right ventricular volumes: Five groups of 
patients with an abnormal right ventricle were studied and 
the results compared with normal findings. 

Group 1 consisted of 44 patients with pulmonary steno- 
sis. Ten of these had undergone surgery at least 1 year pre- 
viously and had a residual peak systolic gradient from the 
pulmonary artery to the right ventricle of less than 20 mm 
Hg and a right ventricular peak systolic pressure less than 
40 percent of systemic peak systolic pressure. Only one pa- 
tient had radiographic cardiac enlargement postoperative- 
ly, and he had significant pulmonary insufficiency. The 
ages of the patients studied postoperatively ranged from 
1.75 to 16.5 years and body surface areas from 0.51 to 1.73 
m2. Of the 34 patients studied preoperatively, 20 had a 
pressure gradient of less than 50 mm Hg; the remainder (14 
patients) had a gradient of 50 mm Hg or more. In 8 pa- 
tients of this group peak right ventricular pressure was less 
than 40 percent of systemic, in 11 it was 40 to 60 percent, in 
7 it was 60 to 100 percent and in 8 it was 100 percent of sys- 
temic pressure or greater. The ages of the patients studied 
preoperatively ranged from 0.75 to 23.0 years and body sur- 
face areas from 0.36 to 1.72 m?. 

Group 2 contained 21 patients with a left to right shunt 
at the atrial level. Eleven of these were studied preopera- 
tively, nine with a secundum atrial septal defect, one with a 
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primum atrial septal defect and one with total anomalous 
pulmonary venous drainage. Their ages ranged from 0.83 to 
16.67 years and body surface areas from 0.31 to 1.60 m?. 
Ten patients of this group were studied postoperatively, 
two who had undergone correction of total anomalous pul- 
monary venous drainage, one with repair of a secundum 
atrial septal defect and seven with repair of a primum atri- 
al septal defect. They were studied 0.17 to 5.0 years postop- 
eratively, with seven studied 1 to 2 years postoperatively. 
Their ages ranged from 0.17 to 16.33 years and body sur- 
face areas from 0.34 to 1.70 m?. None had significant radio- 
graphic cardiac enlargement or residual lesions postopera- 
tively. 

Group 3 contained 49 patients with a ventricular septal 
defect. Sixteen had a moderate to large subaortic defect 
with a pulmonary to systemic blood flow ratio greater than 
1.5:1. Fifteen had a small shunt with a pulmonary to sys- 
temic flow ratio less than 1.5:1; two in this group had had a 
previous pulmonary arterial banding. The ages of these 31 
patients ranged from 0.04 to 23.42 years and body surface 
areas from 0.20 to 1.87 m?. The remaining 18 patients in 
this group had undergone operation at least 1 year pre- 
viously. Their ages ranged from 0.45 to 16.33 years and 
body surface areas from 0.45 to 1.60 m?. Only one had a 
large residual defect. 

Group 4 contained 22 patients with tetralogy of Fallot, 
11 studied preoperatively and 11 studied at least 1 year 
after operation. In the patients studied postoperatively, 
ages ranged from 4.67 to 17.42 years and body surface areas 
from 0.75 to 1.89 m?. Two had significant pulmonary insuf- 
ficiency, one manifesting radiographic cardiac enlarge- 
ment. One postoperative patient had a residual ventricular 
septal defect with small left to right shunt, and one had sig- 
nificant residual pulmonary stenosis. In the patients stud- 
ied preoperatively ages ranged from 0.17 to 5.33 years and 
body surface areas from 0.26 to 0.77 m?. Although one pa- 
tient had significant pulmonary insufficiency, his heart size 
was radiographically normal. 
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Regression Analysis of Right Ventricular Cast Studies 
Se EE eee Sls MT ee DRM 


r Regression 

Method value SEE Equation 
SS ee eee eS ee ee ee 
Simpson’s ellipse, manual 0.97 5.79 VW’ =0.77V — 2.92 
Simpson’s rectangle, manual 0.97 5.79 V’ =0.60V — 2.99 
Simpson's ellipse, auto 0.97 3.77 V'z0.7V— 1.15 
Simpson's rectangle, auto 0.97 3.76 V'z0.56V — 1.15 
Prism 0.98 2.94 V' =1.16V — 1.04 


o P P—ÀOXMC LAC ee ee ee A 
auto = semiautomated method; SEE = standard error of 
the estimate; V — calculated volume; V' — corrected volume. 


Group 5 contained 12 patients believed to have myocar- 
dial disease. Ten had endocardial fibroelastosis, three with 
an associated tiny ventricular septal defect. Two had a pri- 
mary cardiomyopathy (one due to Pompe's disease and one 
of unknown origin). All had an abnormal electrocardio- 
gram. Nine manifested left ventricular enlargement, one 
right ventricular enlargement, one combined ventricular 
enlargement and one Wolff-Parkinson-White syndrome, 
type B. Eight had radiographic cardiac enlargement, and 
six had hepatomegaly at the time of study. Eight had a his- 
tory of congestive heart failure, but only three had failure at 
the time of study. Eight patients were receiving digoxin. 
At cardiac catheterization all standard hemodynamic mea- 
surements were normal in seven patients; four had elevated 
left ventricular end-diastolic pressure, one had elevated 
right ventricular end-diastolic pressure and one had elevat- 
ed right and left ventricular end-diastolic pressures. Cardi- 
ac output, measured by the Fick method in only four pa- 
tients, was normal. These patients’ ages ranged from 0.08 
to 14.98 years and body surface areas from 0.2 to 1.54 m?. 


Results 


Right ventricular casts: Regression analysis 
comparing true and calculated cast volumes (Table I) 
yielded high correlation coefficients for all methods. 
Standard errors were low for all methods and lowest 
(2.94) for the prism method. The Y intercepts for all 
methods were about 1 cc, making them applicable to 


TABLE Il 
Comparison of Right and Left Ventricular Volumes (ml) 


calculation of small volumes. For the respective 
cross-sectional models (ellipse or rectangle), the re- 
gression equations for Simpson's rule were quite sim- 
ilar using either the manual or semiautomated meth- 
od. 

In vivo volume determinations—comparison of 
right and left ventricular volumes: There was a 
very high correlation between left and right ventricu- 
lar stroke volumes in patients with no shunts or val- 
vular insufficiency (r = 0.94, P <0.001). Normal 
mean left ventricular end-diastolic and end-systolic 
volumes were slightly lower, and ejection fraction was 
slightly higher than corresponding right ventricular 
values (Table II). 

Comparison of methods: The volumes calculated 
by Simpson's rule, when corrected with the appropri- 
ate regression equation from the cast studies, were 
nearly identical for either elliptical or rectangular 
cross section (r — 0.99, P «0.001). Comparison of 
these values with those calculated by the prism 
method also gave excellent correlation for the normal 
group (Fig. 2A) as well as all abnormal groups (Fig. 
2B) (r = 0.98, P «0.001 for both). Despite the very 
high correlation between the prism method and 
Simpson's rule, in some of the abnormal groups the 
volumes (compared using the Student t test for 
paired data) were significantly different (Table III). 

In the remainder of this section, all volumes dis- 
cussed are for Simpson's rule, elliptical cross section. 
Corresponding values for the prism method are given 
in Table III. 

Normal right ventricular volumes: In the 70 pa- 
tients believed to have a normal right ventricle, mean 
end-diastolic volume/m? body surface area was 64 + 
15 (1 standard deviation) ml. Only seven of the pa- 
tients were less than 1 year of age and their mean 
end-diastolic volume/m? was 60 + 15 ml, not signifi- 
cantly lower than that for the total group or the 
group over | year of age (64 + 16). There was a high 
linear correlation of end-diastolic volume with age (r 
= 0.87, P <0.001) and with body surface area (r = 
0.92, P «0.001). When normal volumes were ex- 
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Reference Chamber Age Group 
OIM TI WR NU C oe 5 EUM RETURN 
Present study RV Children 
LV Children 
Graham et al.! RV «1 yr/»1 yr 
Graham et al.? LV «2 yr/»2 yr 
Thilenius RV «13 mo/»13 mo 
and Arcilla® LV «13 mo/»13 mo 
Gentzler et al.? RV Adult 
Kennedy et al.? LV Adult 





EDV/m? ESV/m? SI EF 

64 25 39 0.61 

99 19 40 0.68 
39/70 13/25 26/45 0.66/0.64 
42/73 13/27 29/46 0.68/0.63 
64/78 31/30 33/48 0.52/0.61 
43/66 10/17 34/48 0.79/0.74 
81 39 42 0.51 

70 24 45 0.67 
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EDV/m? = end-diastolic volume per square meter of body surface area; EF = ejection fraction; ESV/m? = end-systolic volume per 
Square meter of body surface area; LV = left ventricle; RV = right ventricle; SI = stroke index. 
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FIGURE 2. Comparison of right ventricular volumes calculated using Simpson's rule, elliptical cross section, and the prism method in subjects - 


— number of cases; RVEDV - right ventricular end-diastolic vol- 
volume calculated by Simpson's rule. 


with normal (A) and abnormal (B) conditions. EDV — end-diastolic volume; N 
ume; SEE = standard error of the estimate; X = volume calculated by prism method; Y — 


pressed per square meter of body surface area, there 
remained a small but significant correlation with age 
(r = 0.40, P «0.01). Normal values for end-systolic 
volume/m?, stroke index and ejection fraction are 
given in Table III. 

Abnormal right ventricular volumes: The data 
are summarized in Table III and shown graphically 
in Figures 3 to 7. In Group 1 (pulmonary stenosis) 
values for mean end-diastolic volume/m^?, end-systol- 
ic volume/m? and stroke index were below normal (P 
<0.001, <0.025 and <0.025, respectively). Mean ejec- 
tion fraction was higher than normal (P <0.005). Six 
patients had an end-diastolic volume/m* more than 2 
standard deviations below the normal mean value. In 
these patients right ventricular pressure was 35 per- 
cent of systemic pressure in one, 57 percent of sys- 
temic pressure in one and from 84 to 113 percent of 
systemic pressure in four. When the subjects were 
considered as groups with a right ventricular pressure 
of less than 40 percent, 40 to 60 percent, 60 to 100 
percent and 100 percent or more of systemic pres- 
sure, respectively, mean volumes were not statistical- 
ly different for the groups (end-diastolic volume/m? 
51 + 11,52 + 14, 41 + 14 and 56 + 18, respectively). 
The third group (right ventricular pressure 60 to 100 
percent of systemic pressure) contained four of the 
six patients with an end-diastolic volume more than 2 
standard deviations below the normal mean value. 
When end-diastolic volume in milliliters was plotted 
against body surface area (Fig. 3) four points fell out- 
side the 90 percent confidence limits for normal 
subjects. These corresponded to two patients with a 
right ventricular pressure 60 to 100 percent of sys- 
temic pressure, one patient with a right ventricular 
pressure 40 to 60 percent of systemic pressure and 
one with a right ventricular pressure less than 40 per- 
cent of systemic pressure. Postoperatively, mean vol- 
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FIGURE 3. Patients with pulmonary stenosis. Variation of right ven- 
tricular end-diastolic volume (RVEDV) with body surface area (BSA). 
Normal mean and 90 percent confidence limits are indicated by the 
solid and dashed lines, respectively. LV = left ventricular; RV = 
right ventricular. 


umes and ejection fraction were normal. The one pa- 
tient with an end-diastolic volume more than 2 stan- 
dard deviations above the normal mean value had 
pulmonary insufficiency and radiographic cardiac en- 
largement. 

In Group 2 (atrial left to right shunt) mean vol- 
umes were considerably above normal (end-diastolic 
volume/m?, P <0.001; end-systolic volume/m?, P 
«0.050; stroke index, P <0.001), but ejection fraction 
was normal. Postoperatively, volumes were at normal 
levels. 
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. Group 3 (ventricular septal defect) had normal 
mean volumes with no difference found between pa- 
tients with a large or small shunt or those studied be- 
fore or after operation. The two patients with pulmo- 
nary arterial banding had low normal volumes. 

In Group 4 (tetralogy of Fallot) the mean volumes 
both pre- and postoperatively were normal. One pa- 
tient studied preoperatively had an end-diastolic vol- 
ume more than 2 standard deviations above the nor- 
mal mean value (124 ml/m?). He did not have radio- 
graphic cardiac enlargement, but his right ventricular 
end-diastolic pressure was elevated for age (8.6 mm 
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FIGURE 4. Patients with an atrial septal defect (atrial left to right 
shunt). Variation of right ventricular end-diastolic volume: with body 
surface area. Conventions as in Figure 3. 
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FIGURE 6. Patients with tetralogy of Fallot. Variation of right ventric- 
ular end-diastolic volume with body surface area. Conventions as in 
Figure 3. 
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Hg). A second patient studied preoperatively had 
high normal end-diastolic volume (94 ml/m?). He had 
moderate pulmonary insufficiency, but his end-dia- 
stolic pressure and radiographic heart size were nor- 
mal. The one patient studied postoperatively with an 
end-diastolic volume/m? slightly above 2 standard 
deviations from the normal mean value (95 ml) had 
significant pulmonary insufficiency. Ejection fraction 
was decreased in this patient (0.36) and in one other 
patient studied postoperatively (0.41). In neither one 
was heart size increased radiographically. Two other 
patients studied postoperatively had an end-diastolic 
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FIGURE 5. Patients with a ventricular septal defect. Variation of right 
ventricular end-diastolic volume with body surface area. Conventions 
as in Figure 3. 
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tricular end-diastolic volume with body surface area. Conventions as 
in Figure 3. 
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volume at the upper limits of normal (94 and 91 ml/ 
m7, respectively). Both had moderate pulmonary in- 
sufficiency, and one had cardiac enlargement by 
X-ray examination. 

In Group 5 (myocardial disease) mean end-diastol- 
ic volume/m?, mean end-systolic volume/m? and 
mean ejection fraction were normal. Only two pa- 
tients in this group had an end-diastolic volume more 
than 2 standard deviations above the normal mean 
value (135 and 161 ml/m?, respectively). Right ven- 
tricular stroke volume was increased in the former. 
patient (65 ml/m?). That patient had a normal ejec- 
tion fraction (0.52), but ejection fraction was de- 
creased (0.34) in the other. Corresponding left ven- 
tricular values for these patients were: end-diastolic 
volume/m? 203 and 219 ml, stroke index 76 and 57 
. ml, ejection fraction 0.37 and 0.36 and end-diastolic 
pressure 26 and 10 mm Hg. Cardiac output (Fick 
method) was 4.9 liters/min per m? in the second pa- 
tient, and 2.9 liters/min per m? (with use of an as- 
sumed oxygen consumption) in the first patient. The 
second patient had elevated right ventricular end- 
diastolic pressure (10 mm Hg). Both had clinical evi- 
dence of right-sided heart failure with hepatomegaly. 
The first patient had massive mitral insufficiency be- 
lieved to be secondary to cardiac dilatation. 


Discussion 


The use of an electronic planimeter linked to a 
programming calculator and output writer greatly fa- 
cilitates the application of Simpson's rule to right 
ventricular volume determination. It is comparable 
in accuracy to the manual method, but the equip- 
ment is expensive and is not available in most labora- 
tories. Therefore, Simpson's rule remains limited in 
its clinical usefulness. The prism method requires no 
such equipment, the measurements are easily made 
manually and the calculations are quite simple. 

Objections to the use of a geometric model have 
been raised on the basis that it is less accurate than 
Simpson's rule. However, in a previous report? com- 
paring Simpson's rule with a geometric model in 
right ventricular case studies, little difference was 
shown in r values between the methods. No in vivo 
volume data were presented. Arcilla et al.5 and Thi- 
lenius and Arcilla® used a geometric model but did 
not compare results with Simpson's rule. Graham et 
al! compared Simpson’s rule with two geometric 
models, finding little difference in the cast studies; 
they did not present a comparison of in vivo volumes 
by the various methods. Our investigation indicates 
that a simple geometric model, a prism with a trian- 
gular base, can be compared in accuracy with Simp- 
son's rule both in cast studies and in in vivo volume 
calculations. 


Normal Ventricular Volumes 


In comparing our right and left heart volumes we 
found the right ventricle to be slightly larger and to 
have a lower ejection fraction than the left. Other 
studies, one in infants and children? and another in 
adults,??: have found the same relation between the 


right and left ventricles, but Graham et al.!8 did not 
demonstrate any such differences in their studies 
(Table II). Although further data are needed to clari- 
fy this issue, it appears that the right ventricle is 
slightly larger than the left. 

Our normal data are comparable with those of pre- 
vious reports,'? but we failed to demonstrate signifi- 
cantly lower volumes in infants. However, our youn- 
gest "normal" patient was 6 months old and only 7 of 
the 70 patients were less than 1 year of age, whereas 
in Graham's study 6 patients were 5 months of age or 
younger and 7 of 16 in the normal group were less 
than 1 year of age. 

After normalization of volumes for body surface 
area, there remained a significant positive correlation 
with age. This observation is in agreement with other 
investigators' findings of smaller volumes in young 
infants. Also, in this regard, Gentzler et al.? reported 
in adults with normal right heart chambers higher 
values than those reported by others!:§ in children. 


Abnormal Right Ventricular Volumes 


Pulmonary stenosis: In contrast to Graham et 
al.,! we found a small but definite decrease in mean 
right ventricular volume and stroke index, plus in- 
creased ejection fraction, in patients with pulmonary 
stenosis. Similar changes have been reported in left 
ventricular volume and ejection fraction in pediatric 
patients with aortic stenosis.? The right ventricle, as 
well as the left, is capable of ejecting an increased 
fraction of its volume of blood when exposed to a 
chronic increase in afterload. Whether this is due to 
increased contractility or to muscular hypertrophy 
remains to be investigated. The finding of normal 
mean volumes and ejection fraction in postoperative 
patients in this group lends support to the presence 
of a reversible adaptation to increased afterload in 
these patients. The individual patient in the postop- 
erative group with increased volume had increased 
preload; thus, his condition was analogous to that of 
patients in Group 2 (atrial left to right shunt). 

Gentzler et al.? described only two adult patients 
with pulmonary stenosis, both of whom had low 
values for end-diastolic volume (more than 2 stan- 
dard deviations below the normal mean value in one). 
Both had a normal ejection fraction. Whether or not 
long-term pressure load of the right ventricle leads to 
compromise of function remains to be studied. 


Atrial septal defect: Demonstration of a large in- 
crease in right ventricular volume in atrial left to 
right shunt is in agreement with findings by Graham 
et al. in atrial septal defect and total anomalous pul- 
monary venous drainage and by Gentzler et al.? in 
patients with tricuspid insufficiency and atrial septal 
defect. Decreased ejection fraction in the patients in 
the latter study may have been due to long-term vol- 
ume overload (increased preload) or to coronary ar- 
tery disease or myocardial disease of other causes. In 
the absence of other such factors the right ventricle 
adapts to increased preload by increased end-diastol- 
ic and end-systolic volumes as well as increased 


stroke index, probably through the Starling mecha- 
nism. The finding of normal or nearly normal vol- 
umes postoperatively is evidence for a reversible ad- 
aptation to increased preload in children. 

Ventricular septal defect: No data are available 
on in vivo right ventricular volume in ventricular sep- 
tal defect in children. Gentzler et al.? reported find- 
ings in two adult patients with a ventricular septal 
defect, one of whom also had right ventricular hyper- 
tension. Right ventricular volume was increased in 
the latter patient and normal in the other. In our 
group of 34 patients ventricular septal defect did not 
in most cases result in volume overload of the right 
ventricle. It may be that the site of the defect (in our 
study group all moderate to large defects were 
subaortic) results in shunting directly from the left 
ventricle to the pulmonary artery without over- 
loading the right ventricle. Patients with a large mus- 
cular ventricular septal defect might then be expect- 
ed to have an enlarged right ventricle. 

Tetralogy of Fallot: Patients with tetralogy of 
Fallot generally have normal heart size by X-ray ex- 
amination, and this correlates well with our finding 
of normal mean right ventricular volume in this 
group. The lesion is a complex one and may, in the 
evolution of the disease, present predominantly a 
volume or a pressure load to the right ventricle. In 
general, the latter predominates and the right ventri- 
cle responds by hypertrophy but not enlargement. In 
the group of patients studied, right ventricular vol- 
ume tended to be high normal or increased in the 
presence of pulmonary insufficiency, a situation re- 
sulting in increased preload. 
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Myocardial disease: Our finding of normal mean 
right ventricular volume in patients with myocardial 
disease is in accord with similar findings by Gentzler 
et al.2 in 7 of 13 patients with myocardial compro- 
mise. It is also in agreement with clinical and patho- 
logic evidence that myocardial disease affects pri- 
marily the left side of the heart. Since cardiac output 
was measured in only four of these patients it cannot 
be stated whether or not decreased cardiac output 
and then decreased preload to the right ventricle re- 
sulted in normal right ventricular volume. However, 
the finding of normal or increased right ventricular 
stroke volume is evidence against this premise. 

In summary, we have shown that a simple geomet- 
ric model can be used to determine angiographic 
right ventricular volume with accuracy and that the 
results correlate well with those obtained utilizing 
Simpson’s rule. The normal right ventricle is slightly 
larger than the left and has a lower ejection fraction. 
In chronic pressure load or increased afterload, the 
right ventricle tends to be smaller than normal and 
ejection fraction is increased. In chronic volume load 
or increased preload it is larger than normal but has a 
normal ejection fraction. In ventricular septal defect, 
tetralogy of Fallot and myocardial disease, the right 
ventricle is generally normal in size. 
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With use of the Frank lead system, still loop and timed vectorcardio- 
grams were recorded in more than 5,000 patients subjected to com- 
plete right and left heart catheterization and selective coronary cine- 
angiography. Data so obtained demonstrated clinical superiority of the 
vectorcardiogram over the standard 12 lead scalar electrocardiogram. 
Specific advantages of the vectorcardiogram include (1) recognition of 
undetected atrial and ventricular hypertrophy, (2) greater sensitivity in 
identification of myocardial infarction, and (3) superior Capability for 
diagnosis of multiple infarctions in the presence of fascicular and bun- 
dle branch blocks. The timed biplane vectorcardiogram is as useful as 
any number of simultaneously recorded electrocardiographic leads for 
the analysis of complex arrhythmias and beat to beat changes in intra- 
ventricular conduction. Since the validity and usefulness of this tech- 
nique have been established, it should become part of the routine non- 
invasive evaluation of patients with cardiovascular disorders. 


Recent discussion at national scientific meetings and examination of 
current publications in cardiology indicate a resurgence of activity in 
the field of clinical vectorcardiography. The advent of aortocoronary 
bypass surgery has provided a major stimulus for such investigation, 
and papers have appeared describing the influence of cardiac revas- 
cularization on the vectorcardiogram.!-? Closely linked to these oper- 
ative interventions has been the widespread application of cardiac 
catheterization and selective coronary arteriography. Prior to 1960 
the diagnostic value of vectorcardiography could be validated only by 
postmortem examination. Fortunately, it is now possible to evaluate 
merits of the technique by correlation with angiographic and hemo- 
dynamic findings in living subjects. During the past 10 years we have 
had the opportunity of examining this correlation in more than 5,000 
subjects with a variety of cardiac abnormalities. 

The purpose of this paper is to review recent advances in clinical 
vectorcardiography. Furthermore, specific advantages of the vector- 
cardiogram over the standard scalar electrocardiogram will be dis- 
cussed. 


Vectorcardiographic Lead Systems 


The multiplicity of lead systems has been a source of consternation to both 
neophytes and experienced vectorcardiographers. Ideally, the clinician or be- 
ginner might peruse basic papers relating to each method and thereby decide 
on the lead system of his choice. Unfortunately, he would encounter a maze 
of theoretical equations based on cube, triangle, parallelogram or tetrahedron 
torso projections.* Physicists notwithstanding, this confrontation could dis- 
courage even the most aggressive initiate, who might withdraw from vector- 
cardiography altogether. During the past 5 years, the literature on this 
subject, as well as discussion at postgraduate courses in basic and advanced 
vectorcardiography, has indicated that more than 85 percent of those inter- 
ested in the technique utilize the Frank lead system. No investigator has 
demonstrated the clinical superiority of any other lead system and, with the 
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FIGURE 1. Vectorcardiogram and electrocar- 
diogram from an 8 year old boy with tetralogy of 
Fallot. Note the inverted P wave in scalar lead 
V,. Left sagittal plane (SP) and horizontal plane 
(HP) P loops are directed entirely anteriorly, di- 
agnostic of right atrial enlargement. Large right- 
ward directed QRS vector forces indicate right 
ventricular hypertrophy. FP = frontal plane. 


thought of uniformity in mind, it is suggested that the 
Frank technique be adopted for use in all clinical vector- 
cardiographic laboratories. Interestingly, “majority rule” 
applies to electrocardiography, where the basic 12 lead 
tracing is generally accepted worldwide despite practical 
advantages of high lateral and posterior unipolar record- 
ings. The laudable goal of uniformity* dictates that the 
most widely utilized system be applied for clinical vector- 
cardiograms, regardless of theoretical reservations con- 
cerning instability of the trielectrode technique for record- 
ing the horizontal plane forces.? 

The frontal, left sagittal and horizontal plane Frank vec- 
torcardiograms® described here were recorded with subjects 
in the supine position. The fourth intercostal space was 
used for placement of the chest electrodes." All vectorcar- 
diograms were recorded on a DR-8 Electronics for Medi- 
cine oscilloscopic photographic recorder using a vectorcar- 
diographic channel. Still and timed vectorcardiograms®? 
(“running loops”) were magnified to provide better analy- 
sis of the P loop together with the initial and terminal com- 
ponents of the QRS loop. The loops were interrupted at 2 
msec intervals. 


Atrial Hypertrophy 


Analysis of the vectorcardiographic P loop is clear- 
ly superior to the 12 lead electrocardiogram for the 
diagnosis of right, left and biatrial hypertrophy. Sel- 
vester and Haywood! found the timed vectorcardio- 
gram more than three times as sensitive as the con- 
ventional electrocardiogram in detecting atrial ab- 
normalities defined by conventional criteria. It is not 
widely appreciated that a large negative P wave de- 
flection in lead V, is, under certain conditions, a sign 
of right and not of left atrial hypertrophy. In such 
cases the vectorcardiographic P loop may be directed 
entirely anteriorly and thus be diagnostic of right 
atrial hypertrophy. Examination of the P loop config- 
uration demonstrates that the vast majority of the P 
loop area is projected on the negative side of the V; 
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perpendicular, thus accounting for inverted P waves 
in this lead (Fig. 1). The absence of an inverted P 
wave in lead V, in association with low amplitude P 
waves of increased duration in the standard and aug- 
mented leads may render the electrocardiographic 
differential diagnosis of left atrial hypertrophy and 
intraatrial conduction defect quite difficult. In such 
cases the vectorcardiogram provides a definitive 
means of diagnosis. P loops of prolonged duration 
with major posteriorly oriented vector voltage indi- 
cate left atrial enlargement under these conditions 
(Fig. 2). 
Ventricular Hypertrophy 


Right ventricular hypertrophy: Numerous care- 
fully performed studies have demonstrated superiori- 
ty of the vectorcardiogram for the diagnosis of right 
ventricular hypertrophy. Hamer!! concluded that the 
vectorcardiogram was more successful than the elec- 
trocardiogram in recognition of right ventricular hy- 
pertrophy in patients with mitral valve disease. 
Major diagnostic rightward directed QRS vector forc- 
es are frequently observed in the vectorcardiograms 
of subjects with mitral stenosis, pulmonary hyperten- 
sion and borderline findings on scalar electrocardio- 
grams (Fig. 3). With use of quantitative measure- 
ments, it has been ascertained that the vectorcardio- 
gram is a reliable method for predicting right ventric- 
ular pressures in groups of patients with atrial septal 
defect,!2 pulmonary stenosis,!? pulmonary heart dis- 
ease and mitral stenosis. Liebman et al.!° noted 
that the Frank vectorcardiogram provided an excel- 
lent means of predicting normal versus abnormal 
pulmonary function tests in subjects with cystic fi- 
brosis. Furthermore, it was demonstrated that the 
standard electrocardiogram was not as accurate as 
the Frank vectorcardiogram in this clinical setting. 
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wave in scalar lead V, is predominantly upright. P loop vectorcardiograms demonstrate large leftward and posteriorly directed forces with a 0.20 
mv maximal P loop deflection vector in the horizontal plane. These findings are diagnostic of left atrial hypertrophy. There is associated electro- 
vectorcardiographic evidence of an inferolateral wall myocardial infarction (MI) and abnormal frontal plane left axis deviation (LAD). 
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Some of the most striking discrepancies between 
vectorcardiographic and electrocardiographic inter- 
pretation are seen during the involutionary stages of 
right ventricular hypertrophy. The Frank vectorcar- 
diogram has been shown to be a more sensitive tech- 
nique for assessing such changes! (Fig. 4). Electro- 
cardiograms in patients with diagnostic type “B” 
patterns of right ventricular hypertrophy in horizon- 
tal plane vectorcardiograms frequently show normal 
findings and are notoriously inaccurate in predicting 
right heart pressures. 

Hamby et al.!? found the analysis of Frank vector- 
cardiograms useful in distinguishing T loop abnor- 
malities arising as a consequence of right ventricular 
hypertrophy from those related to ischemic heart dis- 
ease. T'he absence of uncomplicated dextrocardia in 
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FIGURE 3. Vectorcardiogram and 
electrocardiogram from a 37 year 
old woman with mitral stenosis 
and pulmonary hypertension. The 
vectorcardiogram shows large 
posteriorly and leftward directed P 
loop voltage with major frontal 
plane and horizontal plane right- 
ward oriented QRS forces. The 
QRS duration is 118 msec. A ter- 
minal delay in inscription of the 
QRS vectors suggests right bun- 
dle branch block (RBBB). These 
findings are diagnostic of left atrial 
and right ventricular enlargement 
(RVH), which were noted at cardi- 
ac catheterization. The scalar 
electrocardiogram demonstrates 
minor P wave notching and S 
waves in leads |, aVL, aVF and V4 
to Ve. Such electrocardiographic 
findings are nondiagnostic and 
frequently noted in normal women 
under the age of 40 years. 


an otherwise healthy adult patient with vectorcardio- 
graphic features of severe right ventricular hypertro- 
phy should bring to mind the diagnosis of congenital 
complete defect of the left pericardium! (Fig. 5). Ro- 
tational and right heart mass displacement effects 
may produce these unusual vectorcardiographic find- 
ings, which are still incompletely understood. 

Left ventricular hypertrophy: The diagnosis of 
left ventricular hypertrophy is facilitated by vector- 
cardiography, especially when there is coexisting 
myocardial infarction. Attenuation of leftward-di- 
rected forces by myocardial infarction may render 
the electrocardiographic diagnosis of left ventricular 
hypertrophy difficult. Under these conditions, the 
presence of posteriorly directed QRS forces of greater 
than 2.2 mv in the horizontal plane vectorcardiogram 
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FIGURE 4. Preoperative and post- 
operative vectorcardiograms and 
electrocardiograms from a 55 
year old woman with mitral steno- 
sis. The preoperative vectorcar- 
diogram shows counterclockwise 
rotation of the horizontal plane 
QRS loop with major anteriorly di- 
rected forces (type “B” right ven- 
tricular hypertrophy). The preop- 
erative pulmonary arterial pres- 
sure was 50 mm Hg. Four days 
after mitral valve replacement the 
horizontal plane QRS loop is nor- 
mally directed to the left and pos- 
teriorly. There are no significant 
differences between the preoper- 
ative and postoperative electro- 
cardiograms. Furthermore, nei- 
ther electrocardiogram suggests 
right ventricular hypertrophy. (Re- 
produced with permission.*®) 
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FIGURE 5. Vectorcardiogram and electro- 
cardiogram recorded in a 38 year old man 
with congenital (CONG.) complete absence 
of the left pericardium (PERIC.) and no cath- 
eterization evidence of coronary, valvular or 
myocardial disease. The vectorcardiogram 
shows marked displacement of the QRS 
vectors to the right, with predominant coun- 
terclockwise rotation of the horizontal plane 
QRS loop. These findings simulate type “C” 
right ventricular hypertrophy. 


is virtually diagnostic of underlying left ventricular 
hypertrophy. Roberts and Fowler!? published data 
indicating utility of the Frank vectorcardiogram for 
serially estimating left ventricular pressure in estab- 
lished cases of transposition of the great arteries. 

Electrovectorcardiographic tracings diagnostic of 
left ventricular hypertrophy and *'strain" have been 
described in well conditioned athletes?? with no cath- 
eterization evidence of heart disease. Whether such 
changes revert to the “normal” limits of measure- 
ment with more sedentary activity is currently un- 
known. 
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Biventricular hypertrophy: Varriale et al.?! re- 
ported distinctive qualitative and quantitative fea- 
tures in the horizontal plane Frank QRS loop in two 
thirds of patients with clinical, hemodynamic and 
surgical evidence of biventricular hypertrophy. These 
changes consisted of abnormal posterior vector dis- 
placement and counterclockwise inscription along 
with an S loop of significant duration and magnitude. 
The frontal plane QRS loop provides additional evi- 
dence for right ventricular hypertrophy when the 
maximal QRS vector is directed toward the right and 
rotates in a clockwise fashion. 
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Coronary Artery Disease and Myocardial Infarction 


McConahay et al.22 performed an extremely well 
designed study on comparative quantitative analysis 
of the electrocardiogram and Frank vectorcardiogram 
in subjects with coronary artery disease. Correlations 
with the coronary arteriogram and left ventriculo- 
gram demonstrated that analysis of the quantitative 
vectorcardiogram was superior to the usual electro- 
cardiographic analysis in the accurate detection of 
myocardial infarction. Detailed descriptions of the 
electrocardiographic and vectorcardiographic criteria 
required for diagnosis were presented, distinguishing 
this paper from many others on the subject. Maron et 
al.?3 found the vectorcardiogram to be a useful clini- 
cal tool for the diagnosis of significant coronary ar- 
tery disease and large myocardial infarcts. Inter- 
estingly, there was no close correlation between the 
presence of smaller vector loop “bites” (0.08 to 0.13 
mv, 4 to 6 msec) and angiographic data. In our expe- 
rience the vectorcardiogram has proved to be a very 
accurate technique for diagnosing myocardial infarc- 
tion. 


L.R.- 66 F. -CORONARY ARTERY DISEASE 


| ! Hl aVR aVL aVF 
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Anterior infarction: In the absence of complete 
left bundle branch block, a posteriorly oriented 20 
msec QRS vector is predictive of anterior wall myo- 
cardial fibrosis in more than 95 percent of cases (Fig. 
6). The term fibrosis is specifically used to denote 
that coronary artery disease is but a single cause of fi- 
brotic and poorly contracting myocardial segments. 
Valvular heart disease along with primary and secon- 
dary cardiomyopathies can also result in posteriorly”4 
or superiorly oriented initial QRS vector forces. In 
such cases there is usually a substantial myocardial 
component contributing to the patient’s disability. 
Care must be taken to obtain high resolution and 
magnification of initial QRS vector loop forces so 
that spurious diagnoses of myocardial fibrosis are not 
made (Fig: 7). On occasion, the direct light beam 
writing instrument has revealed preservation of ini- 
tial anterior QRS forces that were obscured by P-T 
vectors on a camera-oscilloscopic device. 


Inferior or lateral infarction: During hyper- 
acute stages of myocardial infarction, the vectorcar- 
diogram frequently reveals characteristic alterations 


FIGURE 6. Selective coronary arteriograms, vectorcardio- 
gram and electrocardiogram in a 66 year old woman with 
coronary artery disease. The coronary arteriograms dem- 
onstrate multiple obstructive lesions ranging from 80 to 95 
percent stenosis in the right, left anterior descending and 
left circumflex vessels. The vectorcardiogram shows su- 
periorly and posteriorly directed 25 msec QRS vectors di- 
agnostic of, respectively, inferior and anteroseptal wall 
myocardial infarction. The scalar electrocardiogram dem- 
onstrates Q waves in leads Il, Ill and aVF diagnostic of old 
inferior wall infarction. There is no electrocardiographic 
evidence of anteroseptal wall myocardial infarction. COR. 
ART. = coronary artery. 


_indicating major myocardial destruction at a time 
when the electrocardiogram shows tall and peaked T 
waves” alone. This advantage of the vectorcardio- 
gram is particularly evident in the case of acute infe- 
rior?? or lateral wall infarction (Fig. 8). When definite 
initial QRS vector (20 to 30 msec) criteria for inferior 
wall infarction are not met, there may be characteris- 
tic mid to late changes in the frontal plane QRS loop 
that suggest the correct diagnosis.?" These alterations 
consist of large “bites” or unexpected directional de- 
viations of the terminal QRS forces (Fig. 9). 
Posterior infarction: The vectorcardiogram is 
overwhelmingly more sensitive than the electrocardi- 
ogram in establishing the diagnosis of posterior wall 
left ventricular infarction.?829 Gray et al.?? examined 
the coronary angiograms of 31 patients with vector- 
cardiographic features of posterior wall myocardial 
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infarction. Of 31 patients with diagnostic loops, 25 
had associated coronary disease. Only 6 of the 31 pa- - 
tients had electrocardiographic evidence of posterior 
wall myocardial infarction. When the scalar electro- 
cardiogram shows unequivocal evidence of an inferior 
wall infarction, the presence of a dominant R wave in 
lead V4 or possibly V» strongly suggests coexisting 
posterior wall damage. On the other hand, there are 
no well established criteria for infarction based on an 
isolated R/S ratio greater than 1 in lead V» of an oth- 
erwise normal-appearing electrocardiogram (Fig. 10). 
Right ventricular hypertrophy represents a major 
problem in the electrovectorcardiographic differen- 
tial diagnosis of posterior wall myocardial infarction. 
Mathur and Levine?! found the magnitude of termi- 
nal rightward voltage less than 1.0 mv in 88 percent 
of 85 patients with posterior wall myocardial infarc- 
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FIGURE 7. Vectorcardiogram and electro- 
cardiogram in a 59 year old man with nor- 
mal coronary arteries and combined aortic 
stenosis (STEN.) and insufficiency (INSUF.). 
At the standard magnification, initial 20 
msec QRS vectors are obscured at the E-0 
points in the sagittal and horizontal planes. A 
greater magnification of the early QRS loop 
indicates preservation of anterior 20 msec 
QRS vector forces. There is associated left 
ventricular hypertrophy. The electrocardio- 
gram reveals poor progression of R waves 
in leads V4 through V3 together with evi- 
dence of left ventricular hypertrophy and 
“strain.” 


FIGURE 8. Vectorcardiogram and 
electrocardiogram recorded dur- 
ing the hyperacute stages of ante- 
rior wall myocardial infarction in a 
52 year old man with coronary ar- 
tery disease (C.A.D.). The frontal 
plane and sagittal plane initial 25 
msec QRS vectors are directed 
superiorly and thus diagnostic of 
inferior wall infarction. Note the 
extensive ‘‘bite’’ in the horizontal 
plane QRS loop, indicating loss of 
left ventricular mass. The electro- 
cardiogram shows S-T segment 
elevation and peaking of T waves 
in precordial leads V2 through Vs. 
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tion. In addition, horizontal plane right axis devia- 
tion was unusual in such cases. Concordant direction 
of the QRS-T loop maximal deflection vectors in the 
horizontal plane has also been considered to be sug- 
gestive of posterior wall infarction.2® Taken together, 
all of these findings can still be misleading in the in- 
dividual case. Type B right ventricular hypertrophy, 
usually associated with mild to moderate pulmonary 
hypertension, can result in vectorcardiographic fea- 
tures identical with those seen in posterior wall in- 
farction.?? 

Analysis of T vector: Quantitative and morpho- 
logic analysis of the T vector loop has added a new 
dimension to the detection of underlying coronary ar- 
tery disease.?? Gray and Bell?? compared the resting 
and postexercise electrocardiograms and vectorcar- 
diograms in 100 patients who underwent selective 
coronary angiography. Utilizing a Frank frontal or 
horizontal plane T loop length/width ratio of 2.6 or 
less or an increase in the S- T segment opening of 0.1 
mv or more as ischemic responses, they found that 
the vectorcardiogram correlated with the presence of 
severe coronary artery disease in 81 percent of cases. 
A 1 mm flat electrocardiographic S-T segment de- 
pression was found in only 35 of 59 patients (59 per- 
cent). In general, clockwise rotation of the T loop in 
the horizontal plane is indicative of heart disease*4 
and may help elucidate the significance of inverted T 
waves in the right precordial electrocardiographic 
leads (“juvenile pattern") of patients with question- 
able or borderline physical findings and history. 

Differentiation from hypertrophic cardiomy- 
opathy: Idiopathic hypertrophic subaortic stenosis 
results in vectorcardiographic changes that are noto- 
riously difficult to distinguish from these of myocar- 
dial infarction??9?6 (Fig. 11). Rothfeld and Zucker?? 
suggested that the large rightward septal forces asso- 
ciated with hypertrophic subaortic stenosis could be 
differentiated from those of true myocardial infarc- 
tion. They observed significant irregular and delayed 
inscription of the initial QRS vectors when true myo- 
cardial infarction was operative. Unfortunately, lat- 
eral wall myocardial infarction can also produce uni- 
form inscription of the initial QRS vector forces. 
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FIGURE 9. Vectorcardiogram (VCG) and elec- 
trocardiogram (ECG) from a 59 year old man 
with diffuse triple vessel coronary artery dis- 
ease and complete occlusion of the right coro- 
nary artery. The initial 24 msec vectors in the 
frontal plane QRS loop are directed superiorly. 
The terminal QRS vector forces unexpectedly 
course in a superior direction, resulting in an in- 
ferior QRS loop ''bite." The initial 48 msec QRS 
vectors are oriented anteriorly in the horizontal 
plane and are thus diagnostic of posterior wall 
myocardial infarction (MYOC. INF.). There are 
large QS complexes in scalar leads Ill and aVF 
with no electrocardiographic evidence of poste- 
rior wall infarction. INF. = inferior; POST. INF. = 
posteroinferior. 


Conduction Abnormalities 


Left anterior hemiblock: Distinctive vectorcar- 
diographic patterns compatible with theoretical and 
experimental models of unifascicular block have 
emerged within the last decade. Left anterior fascicu- 
lar block results in preferential initial depolarization 
of the inferior myocardium. Frontal plane 10 to 20 
msec QRS vectors are therefore directed inferiorly 
and to the right or left.?9-*! The balance of the fron- 
tal plane QRS loop courses in a superior direction 
with counterclockwise rotation and delayed inscrip- 
tion of the terminal 40 msec QRS vectors. Abnormal 
leftward directed frontal plane maximal QRS deflec- 
tion vectors arise as a consequence of delayed depo- 
larization of the superior aspect of the left ventricle. 
During 1971 and 1972, a series of publications ap- 
peared that shed new light on certain confusing elec- 
trocardiographic patterns of abnormal left axis devia- 
tion. Three groups of investigators,*?-4*^ working in- 
dependently, set forth vectorcardiographic criteria 
for the diagnosis of coexisting left anterior hemiblock 
and inferior wall myocardial infarction. The features 
most useful for recognition of this entity are clock- 
wise and superior inscription of the initial 20 to 30 
msec QRS vectors secondary to inferior wall infarc- 
tion followed by counterclockwise and delayed in- 
scription of the terminal 40 msec QRS vectors in a 
superiorly displaced frontal plane loop. Kulbertus et 
al? validated these criteria by artificially creating 
left anterior hemiblock aberrancy in subjects with es- 
tablished inferior wall infarction. Combined inferior 
wall infarction and left anterior hemiblock may be 
manifested in the electrocardiogram by rS or QS 
complexes in leads II, III and aVF. The rS pattern 
does not permit recognition of inferior infarction and 
a QS complex may be seen in the presence of a com- 
pletely clockwise frontal plane QRS loop of uncom- 
plicated diaphragmatic infarction. Under these con- 
ditions the vectorcardiogram provides a superior 
method of diagnosis (Fig. 12). 

Left posterior hemiblock: This conduction defect 
produces preferential early depolarization of the su- 
perior aspect of the left ventricle, thereby producing 


FIGURE 10. Vectorcardiogram and electrocar- 
diogram in a 60 year old man with documented 
right coronary artery disease (C.A.D.) The hori- 
zontal plane vectorcardiogram shows anteriorly 
displaced initial 46 msec QRS vectors. More 
than 50 percent of the horizontal plane QRS 
loop area is anterior to the X axis, a finding di- 
agnostic of posterior (POST.) wall myocardial 
infarction. There is a tall R wave in scalar lead 
Vo, but the electrocardiogram is within the nor- 
mal limits of conventional criteria. 


FIGURE 11. Vectorcardiogram and electrocardiogram 
in a 28 year old man with idiopathic hypertrophic 
subaortic stenosis (IHSS) and normal coronary arte- 
ries. There are electrovectorcardiographic features of 
lateral wall myocardial infarction and left ventricular 
hypertrophy. In addition, the vectorcardiogram shows 
major posteriorly and leftward directed P loop forces, 
compatible with left atrial hypertrophy. The frontal 
plane QRS axis in the electrocardiogram is indetermi- 
nate whereas the maximal QRS deflection vector in 
the frontal plane vectorcardiogram is oriented to the 
right and superiorly. 
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FIGURE 12. Vectorcardiogram and electrocar- 
diogram in a 65 year old man with coronary ar- 
tery disease (C.A.D.) and documented inferior 
(INF.) and anteroseptal (ANTEROSEPT.) wall 
myocardial infarctions. The frontal plane initial 
20 msec QRS vectors rotate in a clockwise 
fashion and are displaced superiorly, a finding 
diagnostic of inferior wall infarction. The termi- 
nal QRS forces rotate in a counterclockwise 
manner with terminal delay, indicating coexist- 
ing left anterior hemiblock (LAHB). Horizontal 
plane initial 20 msec QRS vectors are directed 
posteriorly as a result of anteroseptal myocar- 
dial infarction. The electrocardiogram shows 
small r waves in leads Ill, aVF and V». There is 
abnormal left axis deviation. These small r 
waves do not permit satisfactory electrocardio- 
graphic diagnosis of either inferior or antero- 
septal wall myocardial infarction. 
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superiorly directed 10 to 20 msec QRS vectors.4647 
Delayed activation of the inferior wall results in 
clockwise rotation and right axis deviation of the 
frontal plane QRS loop. When left posterior hemi- 
block occurs in conjunction with inferior wall myo- 
cardial infarction, the Q waves in scalar leads II, III 
and aVF may appear small in relation to the tall R 
waves that follow.*? In such cases, the initial 30 msec 
QRS vectors will be directed superiorly, suggesting 
inferior wall infarction. We have observed diminu- 
tion of the Q wave voltage over a 1 year period in 
subjects with these combined abnormalities. It is pos- 
sible that transient or altering degrees of left posteri- 
or fascicular block account for these changes, and 
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FIGURE 13. Vectorcardiogram and electrocar- 
diogram in a 67 year old man with coronary ar- 
tery disease (C.A.D.), left anterior hemiblock 
(LAHB) and complete right bundle branch block. 
The frontal plane initial 32 msec QRS vectors 
rotate clockwise and are directed superiorly, a 
finding diagnostic of inferior wall myocardial in- 
farction. In the horizontal plane, initial 25 msec 
QRS forces are oriented posteriorly, indicating 
an anterior (ANT.) wall myocardial infarction. 
Complete clockwise rotation and major anterior 
displacement of the horizontal plane QRS loop 
are suggestive but not diagnostic of posterior 
wall infarction. The electrocardiogram shows Q 
waves in leads V2 through Vs and rS complexes 
in leads Il and Ill. 


FIGURE 14. Vectorcardiogram and electrocardiogram 
in a 69 year old woman with documented triple vessel 
coronary artery disease and anterior wall dyskinesis. 
The vectorcardiogram and electrocardiogram reveal 
left bundle branch block (LBBB). Horizontal plane and 
sagittal plane initial 10 msec QRS vectors are directed 
posteriorly and thus diagnostic of anterior wall myocar- 
dial infarction. 


further investigation of this phenomenon is warrant- 
ed. Gaum et al.*? reported distinctive rightward and 
inferiorly directed QRS vector loops in patients with 
supravalvular aortic stenosis and aortic coarctation. 
They postulated that this vectorcardiographic pat- 
tern might be attributable to selective posterobasal 
left ventricular hypertrophy or left posterior hemi- 
block. 

Fernandez et al.50 recorded Frank vectorcardio- 
grams in patients undergoing selective coronary arte- 
riography. Left coronary arteriography resulted in 
frontal plane QRS loop alterations similar to those 
described for left anterior hemiblock. Right coronary 
arteriography produced configurations of left posteri- 





or hemiblock. In subjects with initial QRS vector 
changes of myocardial infarction, terminal QRS loop 
changes compatible with associated fascicular block 
developed. These angiographically induced QRS loop 
changes may be based on “peripheral” rather than 
isolated unifascicular block since there are usually no 
initial QRS vector shifts in patients without associ- 
ated infarction. 

Bifascicular block: The vectorcardiographic 
manifestations of bifascicular block?! have recently 
been described in detail.52-56 Left anterior hemiblock 
combined with complete right bundle branch block 
results in a more superior frontal plane maximal QRS 
vector than does isolated right bundle branch block 
or left anterior hemiblock.5? It has been noted that a 
significant number of subjects with electrovectorcar- 
diographic features of combined left fascicular and 
right bundle branch block manifest anteriorly direct- 
ed or clockwise rotating horizontal plane QRS 
loops.°2 These major anterior vector forces may be 
based on (1) preferential initial posterior left ventric- 
ular wall depolarization, (2) coexisting posterior wall 
myocardial infarction, (3) associated right ventricular 
hypertrophy, or (4) more advanced “degree” of left 
fascicular and complete right bundle branch block. 
Kulbertus et al.5? hypothesized that gradation from 
posterior to anterior horizontal plane QRS direction 
might indicate progressive damage to the conduction 
system. Cerqueira-Gomes et al.55 observed that com- 
plete atrioventricular block had a greater tendency 
(75 percent) to occur in patients with anteriorly di- 
rected horizontal plane QRS loops. Furthermore, 
they could not predict the horizontal plane maximal 
QRS vector by examination of the 12 lead electrocar- 
diogram. Lichstein et al59 concluded that the rela- 
tion of horizontal plane QRS configuration to clinical 
course was not close enough to predict the course of 
an individual patient or aid in clinical management. 
Variance in such studies may be based on differences 
in underlying cause of the bilateral bundle branch 
block, which cannot be ascertained by examination of 
these papers. When left anterior hemiblock and com- 
plete right bundle branch block coexist with myocar- 
dial infarction, the vectorcardiogram is an elegant 
method of diagnosis (Fig. 13). 

Left bundle branch block: When left bundle 
branch block is operative, the vectorcardiogram af- 
fords a method whereby coexisting myocardial in- 
farction may be detected. 'The most reliable criteria 
for diagnosis of these combined abnormalities in- 
clude a shift of horizontal plane QRS loop rotation 
from figure of eight to clockwise?" and posterior ori- 
entation of the initial 10 msec QRS vectors?? (Fig. 
14). 


Cardiac Arrhythmias 


Timed vectorcardiogram: The timed vectorcar- 
diogram (“running loop") is as useful as the scalar 
electrocardiogram in the surface analysis of cardiac 
arrhythmias.?55 All previously mentioned advantages 
of the still loops are equally in force in the timed vec- 
torcardiogram. In addition, virtually every possible 
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FIGURE 15. Simultaneously recorded His bundle electrogram (HBE), — 
leads |, ll and V4 of the electrocardiogram, with frontal and horizontal 
plane timed vectorcardiograms in a 46 year old man with idiopathic - 
first degree atrioventricular (A-V) block. The A-H interval is pro- — 
longed to 180 msec, thus indicating conduction delay at the level of 
the A-V node. All surface features of the electrocardiogram relating 
to A-V and intraventricular conduction are clearly discerned on the 
biplane vectorcardiogram. A 0.06 second difference between the 
onset of scalar and vector surface potentials is due to recording in 
two separate oscilloscopic devices. 


combination of bundle branch blocks and variations 
thereof are easily perceived by recording frontal and - 
horizontal plane running loops simultaneously.?? — 
Persistence of abnormal frontal plane QRS loop left 
axis deviation during isolated left anterior fascicular 
block and intermittent “complete” left bundle 
branch block suggests that, in the occasional case, 
QRS loops of posterior orientation and greater than 
140 msec duration may be based on various degrees 
of left bundle bifascicular*block.®° Pathologic identi- 
fication of fibrotic or degenerative changes in the 
proximal left bundle branch does not in any way cast 
discredit on this hypothesis, and definitive examina- 
tion of the distal fascicular system in such cases will 
eventually resolve the issue. 

Ventricular arrhythmias: Zoneraich and Zon- 
eraich®! analyzed vectorcardiograms in subjects with 
bundle branch block patterns arising as a result of 
ventricular ectopic beats. They recognized distor- 
tions of the QRS loops in association with diseases 
that render the myocardium fibrotic. Interestingly, 
these investigators®? have also demonstrated right 
ventricular pacemaker-induced QRS loop patterns 
akin to those described for naturally occurring left 
bundle branch block and myocardial infarction in ex- 
perimental animals and human subjects. The fact 
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that these changes were observed in patients with 


. documented acute myocardial infarction lends cre- 


dence to the proposition that the vectorcardiogram is 


-of practical value for diagnosis when these distur- 
- bances occur in combination. 


Atrial arrhythmias: High fidelity atrial vector- 
cardiograms have been recorded in patients with atri- 
al flutter?? and “left atrial"94 and “inferior atrial" 65 
rhythms. Such studies have been descriptive in na- 
ture but, combined with His bundle and intraatrial 


. recordings, may prove useful in the future for delin- 
eating the sequence of atrial activation during vari- 
. ous rhythm disturbances. Simultaneous recording of 


aetna 


the timed vectorcardiogram and His bundle electro- 
gram is feasible in human subjects?956 (Fig. 15) and 
has been applied for evaluation of ventricular depo- 


_ larization sequences in patients with preexcitation.97 


- Pacemaker Analysis, Single Plane Projection and 


Computer Application 


Gordon® presented data that indicated the advan- 
tages of pacemaker stimulus artifact analysis using 
Frank vectorcardiograms. Location, orientation and 


output of the pacemaker can be established by this 
technique. Kinoshita and Kobayashif? devised a 
unique method for determining the Y axis deflection 
in a single horizontal plane QRS loop projection. 


Representing superior-inferior deflection vectors in 


the form of colored dashes facilitates the diagnosis of 


inferior wall infarction by inspection of the horizon- 


tal plane QRS loop. 

Computer analysis of the vectorcardiogram: 
Computer analysis has been applied to the diagnosis 
of numerous cardiac abnormalities, including left 


ventricular overload"? and myocardial infarction."!. 
During the 1960's some enthusiastic proponents of 
computer technology suggested that individual anal- 
ysis of the electrocardiogram and vectorcardiogram 
would soon be replaced by “rapid-fire” digital print- 
outs. Practical experience over the past decade has 
not confirmed these speculations. Visual inspection 
of the P, QRS and T loops is still desirable for defini- 
tive interpretation of the vectorcardiogram in the in- 
dividual case. Superficial and completely qualitative 
examination of either the XYZ leads or vector loops 
is to be condemned and has been a pitfall. Careful at- 
tention should be directed to the magnitude, dura- 
tion, rotation and orientation of the critical initial 
and maximal deflection vectors before diagnostic 
conclusions are reached. Such analysis permits maxi- 
mal utilization of information contained in planar 
loop projections and precludes major individual in- 
terpretive variation, which has been documented in 
the past./^ Visual inspection or measurement and 
computer analysis are in no way mutually exclusive, 
and both techniques in combination are useful for 
clinical application and research purposes. 

In conclusion, our experience, and that of other in- 
vestigators, has confirmed the practical value of clini- 
cal vectorcardiography. It is suggested that this tech- 
nique be used in all laboratories where the compre- 
hensive noninvasive diagnosis of cardiac disease is 
undertaken. 
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Premature closure of a Beall mitral valve prosthesis is described in a 
patient with aortic prosthetic paravalvular regurgitation. Differentiation 
from valvular malfunction and diagnostic confirmation by means of 
cinefluoroscopy and simultaneous electrocardiography are discussed. 


As a result of increasing surgical success in valvular heart surgery, the 
number of patients with prosthetic valves requiring follow-up care is 
increasing. Evaluation of the function of valve prostheses is compli- 
cated by variability in structural characteristics of the prostheses, 
location of the valves replaced and underlying cardiac function. De- 
tection of malfunction may be quite difficult and requires a thorough 
knowledge of the auscultatory, echocardiographic and fluoroscopic 
findings of the prosthesis under evaluation. 

This paper describes a patient with both aortic and mitral valve 
prostheses who had an abnormal prosthetic sound in mid to late dias- 
tole. Valve cinefluoroscopy was used to confirm the mitral origin of 
the sound and to distinguish valve malfunction from early prosthetic 
closure secondary to paravalvular aortic regurgitation. 


Case Report 


A 32 year old Negro male alcoholic was admitted to Temple University 
Hospital on October 2, 1973 with a diagnosis of pneumonia and acute bacteri- 
al endocarditis involving both the aortic and mitral valves. The responsible 
organism in both instances was found to be a type 35 pneumococcus. Despite 
large dose penicillin therapy, the patient had frank heart failure with an in- 
adequate response to digitalization and diuresis. On November 5, he under- 
went a limited cardiac catheterization that demonstrated severe mitral and 
aortic regurgitation with elevation of left ventricular end-diastolic pressure 
(left ventricle 140/48 mm Hg) and all right heart pressures (right ventricle 
80/25, pulmonary arterial wedge 45 mm Hg). These findings and deteriora- 
tion of the patient’s clinical condition prompted emergency valve replace- 
ment. At operation, subtotal destruction of both valves and an endocardial 
abscess of the high ventricular septum were found. The abscess was drained 
and the valves were replaced with a no. 21 Bjork-Shiley prosthesis in the aor- 
tic area and a medium Beall prosthesis in the mitral area. 

Postoperatively, the murmurs of aortic and mitral regurgitation were evi- 
dent. Because of these murmurs, excessive hemolysis and persistent evidence 
of moderate heart failure, a second cardiac catheterization was undertaken 
on December 3. At this time, significant paravalvular insufficiency involving 
both prostheses was identified. Surgical correction was considered but de- 
ferred pending improvement in the patient’s general condition. On December 
13, concern was generated for the patient’s continued hemodynamic stability 
by the appearance of increased intensity of the murmur of aortic regurgita- 
tion, a diminished mitral prosthetic closure sound and a mid to late diastolic 
sound of prosthetic origin. This combination of findings suggested premature 
closure of the mitral valve prosthesis in association with increasingly severe 
aortic insufficiency. Prosthetic valve malfunction or detachment, or both, 
was an additional serious possibility. Valvular cinefluoroscopy was used in an 
attempt to clarify the diagnosis. 
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FIGURE 1. Selected sequential frames from the 
cinefluorogram of a single cardiac cycle with an 
artist's rendering of the superimposed, simulta- 
neous electrocardiogram. The frames show the 
valve closed in systole (frame 1) and open in 
diastole (frame 2), premature closure in later 
diastole (frames 3 and 4), reopening at the time 
of atrial contraction (frame 5) and final closure 
with ventricular systole (frame 6). 


Valvular cinefluoroscopy: With use of a Siemens 
image intensifier with 6-inch magnification mode, the pa- 
tient was examined in both the right anterior oblique and 
left anterior oblique positions with the prosthetic base per- 
pendicular to the X-ray beam. Thirty-five millimeter cine 
films were taken at a rate of 60 frames/sec. An electrocardi- 
ogram (lead II) was superimposed on each cine frame (Cin- 
etrace, Electronics for Medicine). Aortic valve motion ap- 
peared normal. Although the base of the mitral prosthesis 
was stable, frame by frame analysis of disc motion and 
the electrocardiogram revealed that the valve closed pre- 
maturely in mid-diastole, reopened with atrial systole and 
closed again at the time of ventricular contraction (Fig. 1). 
The simultaneous electrocardiogram demonstrated normal 
sinus rhythm at a rate of 72/min with a P-R interval of 0.14 
second and QRS duration of 0.09 second. It was assumed 
that premature closure was the result of a significant in- 
crease in the amount of paravalvular aortic regurgitation 
and prompt surgical intervention was undertaken. 

At operation, the aortic and mitral paravalvular leaks 
were oversewn. Postoperatively, mitral prosthetic function 
returned to normal as determined by auscultation and 
cinefluoroscopy. The patient was discharged in improved 
condition 14 days after his second operation. 


Discussion 


In sinus rhythm, the hemodynamics of closure of a 
mitral valve prosthesis are similar to those of the nor- 
mal mitral valve, being influenced directly by the left 
atrial-left ventricular pressure gradient and mitral 
valve flow. Closure is initiated shortly after atrial sys- 
tole and is in part a result of atrial augmentation of 
left ventricular pressure. Valve closure is then com- 
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pleted by the pressure developed by left ventricular 
contraction.! However, in the presence of prolonged 
atrioventricular conduction or atrial fibrillation with 
a long R-R cycle length, the valve may float softly 
back to partial or complete closure before the onset 
of ventricular contraction.'? Variation in the intensi- 
ty or location of the mitral closing sound may repre- 
sent prosthetic malfunction? or indicate a variation 
in the gradient across the valve orifice secondary to 
one of several factors including alteration in the rate 
or character of atrial contraction, underlying ventric- 
ular function and pattern of cardiac conduction. In 
our patient a decrease in the intensity of the mitral 
closure sound developed with an abnormal sound oc- 
curring in mid to late diastole. The association of 
these findings in a patient with known prosthetic 
paravalvular aortic regurgitation suggested prema- 
ture mitral valve closure. This diagnosis was con- 
firmed and prosthetic malfunction excluded using 
cinefluoroscopy with a simultaneous electrocardio- 
gram imposed on each cine frame. In the selected se- 
quential photographs of valve motion in Figure 1, 
premature valve closure is clearly visible in frames 3 
and 4. Reopening of the valve with atrial contraction 
and final closure at the time of ventricular contrac- 
tion is also demonstrated (frames 5 and 6). 
Premature closure of mitral valve in severe 
aortic regurgitation: In sudden severe aortic insuf- 
ficiency, early closure of the mitral valve has been 
demonstrated to occur in both experimental animals 
and clinical situations. Diastolic ventricular pressure 
is determined by both rate and volume of ventricular 
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filling, cavity size and wall compliance. In acute se- 
vere aortic insufficiency, the ventricular diastolic ca- 
pacity is exceeded by a combination of forward flow 
from the left atrium and regurgitant flow across the 
aortic valve. There is insufficient time for the ven- 
tricular cavity to dilate in response to this increased 
volume load, and further volume results in marked 
elevation in ventricular pressure. In severe cases, the 
diastolic pressure exceeds left atrial pressure, result- 
ing in premature closure of the mitral valve.45 Clini- 
cal recognition of this entity is of great importance 
since the prognosis of the patient with severe aortic 
insufficiency with left ventricular failure is poor 
without surgical intervention. 

Although this phenomenon has not previously 
been described in a patient with a Beall mitral pros- 
thesis, Agnew and Carlisle® described its occurrence 
in three patients with a Starr-Edwards ball valve 
prosthesis. In their patients, the valve closed prema- 
turely and did not reopen after atrial systole, a situa- 
tion more closely representing acute aortic insuffi- 
ciency with a nondistensible ventricle and high dia- 
stolic pressures. In our patient, atrial systole caused 


reopening of the mitral valve. This finding suggests 
only moderate elevation of late diastolic pressure, 
which may represent partial conditioning of the ven- 
tricle to larger diastolic volumes or some moderation 
in the amount of regurgitant flow. It further demon- 
strates that premature closure with subsequent re- 
opening by atrial systole is a variation in the spec- 
trum of this syndrome and connotes a less serious but 
still dangerous clinical situation. 

Value of cinefluoroscopy of prosthetic valve: 
We suggest (1) that variation in the intensity or loca- 
tion of the mitral prosthetic closing sound be investi- 
gated by use of cinefluoroscopy, and (2) that the pa- 
tient with a prosthetic valve undergo valve cinefluo- 
roscopy early after operation and at yearly intervals 
thereafter. Comparison of these serial observations 
with cinefluoroscopic findings at the time of suspect- 
ed prosthetic malfunction will facilitate differentia- 
tion of normal from abnormal valve motion. Further 
help in determining the timing of valve motion may 
be necessary and, as in our case, a superimposed 
frame by frame simultaneous electrocardiogram may 
be useful. 
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Electrophysiologic studies with recordings of multiple intracavitary 
electrograms were performed in two patients with atrial dysrhythmias. 
In Case 1 the arrhythmic pattern in the surface electrocardiogram re- 
sembled atrial flutter. Electrophysiologic studies revealed the arrhyth- 
mia to be paroxysmal left atrial tachycardia, with separation of left and 
right atrial components of the P wave by an isolectric period secon- 
dary to marked interatrial conduction delay. In Case 2 the surface 
electrocardiogram indicated paroxysmal atrial tachycardia with block. 
Electrophysiologic studies revealed right atrial standstill with atrial 
inexcitability and two dissimilar rhythms involving the left atrium. The 
electrocardiograms did not accurately reflect atrial arrhythmias in 
these two patients and only multiple direct recordings permitted the 
correct diagnoses. New electrophysiologic observations concerning in- 
traatrial block and dissimilar atrial rhythms are presented. 


Atrial dysrhythmias are usually easily recognizable in the surface 
electrocardiogram with the type and timing of P waves reflecting 
underlying atrial activity. However, in some patients, direct recording 
techniques are necessary for accurate and complete diagnosis. Zipes 
and DeJoseph! recently reported on several patients with dissimilar 
atrial rhythms that required direct recording techniques for diagno- 
sis. In this study, we present further observations concerning the lim- 
itations of surface electrocardiography in patients with atrial dys- 
rhythmias. In one of our patients, the electrocardiographic pattern 
resembled atrial flutter, whereas electrophysiologic studies revealed 
the arrhythmia to be paroxysmal atrial tachycardia with marked left 
to right interatrial block. In the second patient electrocardiograms 
suggested paroxysmal atrial tachycardia, whereas direct studies re- 
vealed multiple (three) dissimilar atrial rhythms. 


Methods 


Electrophysiologic studies were performed in two patients with atrial dys- 
rhythmias. Informed consent was obtained before the studies. Two electrode 
catheters (one bipolar and one quadripolar) were percutaneously passed to 
the right heart chambers and utilized for one or more of the following: (1) re- 
cording of right atrial electrograms from multiple sites, (2) right atrial stimu- 
lation, (3) recording of coronary sinus (left atrial) electrograms, and (4) re- 
cording of His bundle electrograms. A bipolar electrode catheter was also 
passed to the esophagus and used to record left atrial electrograms. 

Standard leads I, II, III and V; and multiple atrial electrograms were re- 
corded simultaneously on a multichannel oscillosopic recorder (Electronics 
for Medicine DR-16) at paper speeds of 100 and 200 mm/sec. Electrical stim- 
uli were provided by a digital programmable pulse generator (constructed by 
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M. Bloom, Philadelphia, Pa.). Refractory periods were 
measured with the extrastimulus technique.? The test 
stimulus (Sə) was introduced after every eighth driven 
stimulus (S1). The S-S% interval was decreased in 10 msec 
increments. Conduction intervals and refractory periods 
were defined and measured as previously described.” 


Results 
Case 1 


This was a 68 year old man with chronic obstructive lung 
disease with cor pulmonale and thyroglossal tumor. He was 
not taking cardiac medications. Electrocardiograms were 
. interpreted as revealing atrial flutter (rate 340/min), with 

varying atrioventricular (A-V) block and nonspecific ST-T 
wave changes. Close inspection of the electrocardiogram 
(Fig. 1) revealed alternation of atrial activity between 
smaller and larger atrial complexes both of which were in- 
verted in leads II, III and aVF. 

Electrophysiologic studies with simultaneous recording 
of multiple surface leads, left atrial electrograms (from the 
esophagus) and right atrial electrograms revealed the 
rhythm to be atrial tachycardia at half the rate of the pre- 
viously interpreted flutter rate (162/min) (Fig. 2A). Activa- 
tion of the atria appeared to be from left to right, the inter- 
val between left (Aj) and right atrial (Ag) electrograms 
being 165 msec. The smaller atrial complexes (P) in the 
surface electrocardiogram coincided with the onset of the 
left atrial electrogram, whereas the larger surface atrial 
complex (Pg) coincided with the onset of the right atrial 
electrogram (Fig. 2A). Thus, the apparently alternating 
flutter waves in the surface electrogram reflected the left 
and right atrial components of a single P wave with a dura- 
tion of 220 msec, secondary to marked interatrial block. 
His bundle recordings revealed varying A-V block with the 
site of block proximal to the His bundle. 

The atrial tachycardia was transiently converted to nor- 
mal sinus rhythm after sudden cessation of rapid high right 
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FIGURE 1. Case 1. Electrocardiograms reveal ‘‘atrial 
flutter" (rate 340/min), with irregular ventricular re- 
sponse and nonspecific ST-T wave changes. There is 
alternation of smaller (P) and larger (P’) waves, which 
are both inverted in leads Il, Ill and aVF. An enlarge- 
ment of the rhythm strip is shown at bottom. 


atrial pacing at a rate of 428/min (cycle length 140 msec) 
(Fig. 2B). P waves after conversion revealed an atrial acti- 
vation sequence of right to left, with a duration of 205 
msec. The interval between the right and left atrial electro- 
grams (Ag-A;)) was 150 msec. Normal sinus rhythm lasted 
for only several beats and was followed by immediate re- 
sumption of the left atrial tachycardia. 

Atrial extrastimuli were introduced at a driving cycle 
length of 310 msec, which constantly captured the atria 
(Fig. 3). Conduction time between the right and left atria 
(An-Ar interval) increased progressively as coupling inter- 
vals were decreased (Fig. 3, A and B). Left atrial tachycar- 
dia resumed immediately after each capturing extrastimu- 
lus with a returning interval of 240 msec, thereby suggesting 
that an ectopic focus was discharged and reset by the pre- 
mature atrial stimulation. The atrial functional and effec- 
tive refractory periods were 150 and 140 msec, respectively 
(Fig. 3, B and C). Although these periods seem short, there 
are no comparable normal data in man for the driven cycle 
length of 310 msec. 


Comments: Our findings suggest that paroxysmal 
atrial tachycardia with marked interatrial block can 
mimic atrial flutter in the surface electrocardiogram. 
Direct recording techniques were necessary for prop- 
er delineation of the rhythmic disturbance. This 
tachycardia in our patient appeared to be ectopic 
rather than reentrant since single extrastimuli ap- 
peared to reset it. In this patient there was also a 
marked discrepancy between interatrial conduction 
time, which was long, and atrial refractory periods, 
which were short. 


Case 2 


This was a 64 year old man, admitted to the University 
of Illinois Hospital because of dyspnea and leg edema. For 
the past 2 years, he had been taking digoxin (0.25 mg/day) 
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FIGURE 2. Case 1. Demonstration of marked interatrial conduction delay, producing an electrocardiographic pattern resembling atrial flutter. 
Shown are electrocardiographic leads |, Il, Ill and V4, bipolar esophageal (EA) and high right atrial (HRA) electrograms. Paper speed is 100 mm/ 
sec, and time lines are at 1-second intervals in this and subsequent illustrations. Panel A discloses paroxysmal left atrial tachycardia (rate 162/ 
min), with left (A, ) to right (Ag) atrial activation sequence. Note that the smaller and the larger P waves (P, and Pg) in the surface electrocardio- 
grams coincided with the onset of the left (A, ) and right (Ag) atrial electrograms, respectively. Panel B reveals conversion of tachycardia to sinus 
rhythm with rapid atrial stimulation (S) at a rate of 428/min. The two beats on the right are sinus. Note the change in P wave configuration and 


atrial activation sequence after conversion. HR = heart rate. 


and diuretic agents for congestive heart failure. Chest 
X-ray examination revealed marked cardiomegaly with en- 
largement of all four chambers. 

Electrocardiograms revealed atrial tachycardia (170/ 
min) with varying block and periods of A-V dissociation, 
and complete left bundle branch block (QRS interval = 
0.12 second) (Fig. 4). The P waves were inverted and seen 
clearly only in lead V;. Values for serum electrolytes, creat- 
inine and enzymes (glutamic oxaloacetic transaminase 
[SGOT], lactic dehydrogenase [LDH] and creatine phos- 
phokinase [CPK]) were normal. Despite discontinuance of 
digoxin, paroxysmal atrial tachycardia with block persist- 
ed. 

Electrophysiologic studies were performed 1 week after 
admission. Surface lead V; revealed the previously noted 
atrial tachycardia with an atrial rate of 162/min (cycle 
length 365 msec) (Fig. 5). Intraatrial recordings from the 
high, mid and low lateral right atrium revealed absence of 
atrial activity (atrial standstill) despite maximal signal am- 
plification (Fig. 5). Recording of left atrial electrograms 
from the coronary sinus revealed a left atrial tachycardia, 
with irregular irregularity. The cycle lengths of left atrial 
complexes ranged from 220 to 380 msec (Fig. 5). These cor- 


onary sinus atrial electrograms bore no apparent relation 
either to P waves in the surface electrocardiogram or to 
QRS complexes. His bundle electrograms revealed sporad- 
ic, very low amplitude, atrial potentials with His bundle 
potentials preceding each QRS complex (H-V intervals 100 
msec). R-R intervals ranged from 585 to 775 msec with a 
mean heart rate of 90/min. Atrial pacing was attempted 
from multiple right atrial sites. The atria were totally inex- 
citable, despite a maximal stimulus amplitude of 22 mil- 
liamperes. 

On the day after electrophysiologic study, a bipolar elec- 
trode catheter passed to the esophagus revealed a regular 
atrial rhythm, with a rate of 324/min (cycle length 182 
msec) (Fig. 6). This rhythm had a 2:1 relation to the atrial 
tachycardia recorded in the surface electrocardiogram. 


Comment: In this patient, surface electrocardio- 
grams revealed chronic paroxysmal atrial tachycardia 
with varying block. Direct recording techniques from 
both the right and left atria revealed no electrogram 
with a 1:1 correspondence to this rhythm. However, 
direct recording techniques revealed the following 
additional multiple dissimilar atrial rhythms: (1) 
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right atrial standstill with atrial inexcitability; (2) 
left atrial tachycardia with irregular irregularity, re- 
corded from the coronary sinus; and (3) left atrial 
flutter with twice the rate of the surface paroxysmal 
atrial tachycardia, recorded from an esophageal lead 
1 day after the initial electrophysiologic study. Pre- 
sumably, paroxysmal atrial tachycardia recorded in 
the surface electrogram reflected 2:1 intraatrial block 
of this flutter. The portion of the atria responsible for 
the surface paroxysmal atrial tachycardia could not 
be determined. 

It is not known whether the coronary sinus and 
esophageal electrodes sampled similar portions of the 


left atrium, and since the two left atrial rhythms were 
recorded on different days, it is uncertain whether 
there were two simultaneous dissimilar rhythms in- 
volving the left atrium or two different left atrial 
rhythms on different days. Because of the 2:1 relation 
of the flutter and the paroxysmal atrial tachycardia, 
and because the paroxysmal atrial tachycardia per- 
sisted at the same rate on both days, it is likely that 
the arrhythmia recorded with the esophageal lead 
was present although not recorded during the initial 
electrophysiologic study. 

In summary, this patient had at least three and 
possibly four simultaneous dissimilar atrial rhythms. 
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FIGURE 3. Case 1. Recording disclosing re- 
fractory periods of the atrium. S4, A, ,, and 
Ari indicate, respectively, stimulus artifact 
and left and right atrial electrograms of the 
driven beats; So, A2 and Ag» indicate, re- 
spectively, stimulus artifact and left and right 
atrial electrograms of the test beats. The 
driving cycle length (CL) was 310 msec. In 
Panel A, S,-S5 and Ag,-Ag? were both 260 
msec; A,4,-A,» was 280 msec and A,5-A, 
240 msec. In Panel B, S;-S2 was 145 msec, 
Ari-Arno was 150 msec and A, ,-A, » length- 
ened to 265 msec because of increased in- 
teratrial conduction delay. The atrial func- 
tional refractory period was 150 msec. A, »- 
A, was again 240 msec. In Panel C, an atri- 
al effective refractory period of 140 msec 
was achieved. Note the resumption of par- 
oxysmal tachycardia immediately after the 
extrastimulus. 
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FIGURE 5. Case 2. Recording revealing multiple dissimilar atrial rhythms. Shown are electrocardiographic lead V, and atrial electrograms re- 
corded from the high right atrium (HRA) and coronary sinus (CSA). P waves are labeled. There are three dissimilar atrial rhythms: paroxysmal 
atrial tachycardia (V 4), right atrial standstill (HRA) and a rapid irregular left atrial rhythm of varying cycle lengths (220 to 380 msec) (CSA). 
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FIGURE 6. Case 2. Recording revealing dissimilar atrial rhythms. Shown are electrocardiographic lead V; and bipolar esophageal electrogram 
(EA). Lead V4, shows paroxysmal atrial tachycardia, whereas the esophageal electrogram shows atrial flutter. The atrial electrogram (A, ) has a 


2:1 relation to the P waves in lead V4. 
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It was impossible to determine which atrial rhythm 
controlled the ventricles. 


Discussion 


The mode of impulse transmission between the 
sinus node, atria and A-V node is still a matter of de- 
. bate. Sir Thomas Lewis,‘ in studies of the canine 
heart, suggested that the electrical impulse in the 
normal heart originates in the sinus node and spreads 
_ through both atria in a radial or syncytial wave form 
. to reach the A-V node. Studies by Spach et al.® and 
. others®? support this view. On the other hand, many 
. workers*!* have suggested the existence of special- 
ized or preferential pathways in the atria. James!^ 
. and other investigators!9?6 have provided anatomic 
and electrophysiologic evidence supporting the exis- 
tence of preferential atrial conduction. Their studies 
demonstrated three internodal tracts (anterior, mid- 
. dle and posterior) connecting the sinus and A-V 
. nodes. In addition, an extending branch to the left 
. atrium (Bachmann's bundle) arising from the anteri- 
= or internodal tract was also demonstrated. 


.. Intraatrial and Interatrial Block 


Intraatrial or interatrial block is characterized by 
. abnormally wide P waves during sinus rhythm or by 
. changes in P wave configuration during sinus rhythm 
or after a premature beat.!927?8 James and Sherf!? 
suggested that the blocks occur in the internodal 
tracts. Recent experiments in canine hearts by Waldo 
et al." demonstrated that P wave duration increased 
significantly whereas P wave configuration and po- 
_ larity remained unchanged after the anterior inter- 
. nodal tract was cut close to the sinus node. A lesion 
placed in the Bachmann's bundle adjacent to the in- 
teratrial septum produced significant changes in P 
wave polarity, configuration and duration resembling 
"P mitrale." These studies suggested that the spe- 
cialized atrial tracts were functionally significant in 
activation of the atria. 

The diagnosis of intraatrial or interatrial blocks 
can be facilitated by direct intracavitary recordings. 
In Case 1, with severe interatrial block, several inter- 
esting electrophysiologic phenomena were seen. First, 
the degree of interatrial delay was such that the two 
components (left and right atrial) of the P wave were 
separated by an isoelectric period, producing an elec- 
trocardiographic pattern resembling atrial flutter. 
Second, the interatrial delay prolonged the P wave 
duration to 220 msec. Third, despite severe interatri- 
al delay, the atrial functional refractory period was 
only 150 msec. This short atrial functional refractory 
period almost certainly reflected the short driving 
cycle length, since atrial functional refractory period 
decreases as cycle length shortens.? Although refrac- 
tory periods were not measured at multiple sites, this 





result also suggests a major discordance between in- 
traatrial conduction time and refractory period in 
this patient. A similar discordance between long con- 
duction time and short refractory period in the dis- 
eased His-Purkinje system was recently described by 
Wu et al.?? Finally, Case 1 is another instance of di- 
rect demonstration of left atrial rhythm by intracavi- 
tary recordings.?? 


Atrial Dissociation 


Atrial dissociation of the right and left atria, with 
two independent P waves, has been reported in both 
human and animal hearts.?!-?5 This occurrence has 
usually been attributed to complete intraatrial or in- 
teratrial block. The basic rhythm is usually sinus, but 
may be an ectopic atrial rhythm, junctional rhythm 
or even atrial fibrillation or flutter. The dissociated 
rhythm may be a slow escape rhythm, atrial tachy- 
cardia or fibrillation or flutter, and it is not conduct- 
ed to the ventricles. The atrial complexes of the ec- 
topic dissociated rhythm are usually smaller than 
those of the basic rhythm, probably because a smaller 
portion of the atrium is depolarized. Despite electro- 
cardiographic observations, the true existence of this 
phenomenon was questionable, since direct intracavi- 
tary recordings were rarely performed. Recently, 
Zipes and DeJoseph,' using multiple intracavitary re- 
cordings, demonstrated dissimilar atrial rhythms 
with fibrillation in one atrium and a slower, more 
regular activity in the other. Their results suggested 
that the slower, more regular rhythm in one atrium 
was a result of constant filtering of the fibrillatory 
waves coming from the other atrium, due to a fairly 
fixed refractory period in the latter. 

In our Case 2, with multiple dissimilar atrial 
rhythms, the electrophysiologic findings could be ex- 
plained by postulating right atrial standstill and mul- 
tiple ectopic foci in the left atrium. For this to occur, 
protective entrance and exit block in various ectopic 
foci must also have been present, since multiple foci 
would interfere with each other if there were no 
block. An alternative and more plausible explanation, 
as suggested by Zipes and DeJoseph,! was right atrial 
standstill and a rapid firing focus in the left atrium. 
Diverse refractory periods of atrial muscles in various 
sites of the atrium resulted in multiple atrial 
rhythms. Right atrial standstill presumably reflected 
advanced right atrial disease. 

Both of our cases suggest that, under unusual cir- 
cumstances, the surface electrocardiogram may not 
accurately portray atrial activation, particularly in 
the presence of advanced atrial disease. Manifesta- 
tion of atrial rhythms at various recording sites in- 
cluding the surface electrocardiogram is dependent 
on the mass of atrial depolarization and proximity of 
the recording electrodes to the atrial mass. 
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‘Paradoxical’ Prolongation of Sinus Nodal Recovery Time 
After Atropine in the Sick Sinus Syndrome | 


JAMES A. REIFFEL, MD A case of symptomatic sick sinus syndrome is presented with confir- 
J. THOMAS BIGGER, MD, FACC mation of sinus nodal dysfunction established by functional testing. The 
ELSA-GRACE V. GIARDINA, MD validity of such provocative testing and the criteria for abnormality are 


discussed. A newly recognized, seemingly “paradoxical” and poten- 
tially detrimental effect of atropine noted in this patient is examined. 
Despite an increase in sinus rate and an improvement in sinoatrial con- 
duction time after administration of atropine, a markedly prolonged 
sinus recovery time after rapid atrial pacing occurred, and atrial quies- 
cence for more than 10 seconds was seen. Possible electrophysiologic 
mechanisms for this phenomenon, such as decreased atriosinus en- 
trance block, concealed sinoatrial reentry or enhanced intranodal de- 
polarization, are discussed and potential clinical correlates are made. 


New York, New York 


The “sick sinus syndrome" has been recognized with increasing fre- 
quency since 1968 when Ferrer! called attention to a group of related 
disorders whose signs and symptoms stem from sinus nodal dysfunc- 
tion. The various clinical manifestations of these disorders have been 
well described.'~’ and methods of documenting or quantitating the 
functional defects are improving. Ambulatory monitoring, one useful 
means of documenting such defects, allows observation of the electro- 
cardiographic pattern during symptomatic periods. Pharmacologic 
interventions and provocative testing with atrial stimulation are ad- 
ditional useful tools for demonstrating otherwise latent or intermit- 
tent dysfunction. These advances in diagnostic technology have re- 
sulted in increased recognition of sinus nodal dysfunction and conse- 
quently in more frequent attempts at therapy, generally with perma- 
nent pacemaker implantation.^^ Pharmacologic therapy such as 
vagal blockade is employed less frequently and has often been unsuc- 
cessful. It may also be potentially detrimental. We recently studied a 
patient with the sick sinus syndrome in whom administration of atro- 
pine “paradoxically” lengthened the sinus nodal recovery time after 
atrial pacing. This occurred despite an increase in sinus rate and im- 
provement in sinoatrial conduction after administration of the drug. 
The results of functional testing and our explanation for the response 
of the sinus recovery time to atropine form the basis of this report. 


Case Report 


A 55 year old woman was referred for functional testing of the sinus node. 


From the Departments of Medicine and Phar- She had no cardiovascular symptoms until the onset of increasingly frequent 
macology, College of Physicians and Surgeons, "skipped beats" 4 years before admission. At that time sinus bradycardia was 
Columbia University, New York, N. Y. This study first noted. One year before admission, she first experienced exertional dysp- 
was supported in part by U. S. Public Health nea and light-headedness that became progressively more severe. At no time 
Service Grants HL 12738, HL 70402, HL 05864 did she experience true syncope, angina, congestive heart failure or rapid pal- 


and in part by a grant-in-aid from the New York 
Heart Association, New York, N. Y. Manuscript 
accepted June 5, 1974. 
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pitations. 
On hospital admission, blood pressure was 100/70 mm Hg and pulse 53 
beats/min with occasional pauses; respirations were 16/min and temperature 


Department of Medicine, College of Physicians was normal. Cardiac examination revealed normal size and thrust, normal 
and Surgeons, 630 West 168th St., New York, sounds, a functional systolic ejection murmur but no gallop or rub. Routine 
N. Y. 10032. laboratory data were unremarkable except for the electrocardiogram, which 
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disclosed a mean sinus rate of 48 beats/min. A Valsalva 
maneuver caused the pulse rate to decrease to 40 beats/min 
where it remained until glottal release. Twenty-four hour 
dynamic electrocardiography revealed sinus bradycardia, 
moderately frequent supraventricular premature beats, re- 
peated episodes of sinoatrial Wenckebach phenomena, as 
well as 3 to 5 second periods of asystole. Electrophysiologic 
studies were then performed to quantitate the Severity of 


sinoatrial dysfunction and to assess the response to vagolyt- 


ic drugs. 
Electrophysiologic Methods 


The patient was studied in the cardiac catheterization 
laboratory in the resting, nonsedated postabsorptive state. 
Under fluoroscopic monitoring a no. 6F tripolar catheter 
used to record the His bundle electrogram was passed per- 
cutaneously by way of the right femoral vein to the right 
atrium to lie across the tricuspid valve, and a no. 6F qua- 
dripolar catheter, one pair of electrodes for stimulating and 
one pair for recording, was passed through a right antecu- 
bital vein into the right atrium. The stimulating electrodes 
were positioned along the lateral wall of the mid-right atri- 
um and the recording electrodes at the junction of the su- 
perior vena cava and the right atrium. Signals from the 
atrial and His bundle electrodes and the body surface elec- 
trocardiogram were displayed simultaneously on an Elec- 
tronics for Medicine multichannel oscillograph and record- 
ed on frequency-modulated magnetic tape. Control record- 
ings of spontaneous rhythm were obtained before the initi- 
ation of atrial stimulation. Premature atrial stimuli were 
introduced by means of the stimulating electrodes during 
spontaneous sinus rhythm. The atrial electrogram was used 
to initiate a programmable Ortec stimulator. In this way, 
atrial premature stimuli of twice diastolic threshold inten- 
sity and 2 msec in duration were introduced by means of an 
isolation transformer after every eighth spontaneous sinus 
cycle and moved in 20 msec increments. The entire atrial 
diastolic period was scanned twice. Rapid atrial pacing at 
cycle lengths of 1,000, 900, 800, 700, 600, 500 and 400 msec 
was performed four times at each atrial cycle length with 
use of the same electrode pair. By means of the Electronics 
for Medicine recorder, the data were transferred to photo- 
graphic paper for analysis at a paper speed of 100 mm/sec. 

When rapid pacing was performed, the following were 
measured: (1) the interval from the last driven atrial depo- 
larization to the next spontaneous depolarization of any 
type, and (2) the interval from the last driven atrial depo- 
larization to the next spontaneous P wave if this interval 
was different from the first. Sinus recovery time was de- 
fined as the interval from the last driven atrial depolariza- 
tion during rapid atrial pacing to the next spontaneous P 
wave if it was of sinus origin. 

When the spontaneous sinus cycle was interrupted by 
an atrial premature depolarization, the following were 
measured: (1) the interval between the last two spontane- 
ous P waves preceding the atrial premature depolarization, 
that is, the spontaneous sinus cycle length (A;-Aj); (2) the 
interval between the last spontaneous sinus P wave and the 
atrial premature depolarization, that is, the test cycle (A;- 
A»); (3) the interval between the atrial premature depolar- 
ization and the following spontaneous P wave, that is, the 
return cycle (Ao-A3); and (4) the spontaneous sinus cycle 
immediately following the return cycle, that is, the post- 
return cycle (As-A,). 

Rapid atrial pacing and atrial premature stimulation 
were subsequently repeated 5 minutes after the adminis- 
tration of 1 mg of atropine intravenously when the pulse 
rate stabilized at a new level. 
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Results 


The electrophysiologic data obtained at the time of 
catheterization were as follows: 


Control Studies 


Rhythm and rate: Sinus arrhythmia with atrial 
cycle lengths ranging from 1,025 to 2,507 msec was 
the predominant rhythm throughout the 60 minute 
testing period. Brief periods of junctional escape 
beats were noted, some with retrograde atrial depo- 
larization (Fig. 1). The mean sinus cycle length (1,200 
beats) was 1,479 msec. 

Rapid atrial pacing: The values for sinus recov- 
ery time were generally similar at a given frequency - 
of stimulation, and all postpacing pauses were termi- 
nated by sinus impulses (Fig. 2). In three of the four 
trials, the value of sinus recovery time rose to a peak - 
at a pacing interval of 700 msec, with a maximum of 
2,632 msec, and then decreased progressively. When 
the driven atrial cycle length was 400 msec in these | 
three trials, the mean sinus recovery time was 1,543 - 
msec (Fig. 2, point A, and Fig. 3A). However, in the 
fourth trial, the sinus recovery time at a paced cycle 
length of 400 msec was 3,325 msec, thus suggesting 
that 2:1 sinoatrial exit block had occurred (Fig. 2, 
point B, and Fig. 3B). 

Premature atrial stimulation: An estimated 
mean sinoatrial conduction time was calculated from 
the plot of A2-A3 versus A;-A» (Fig. 4A) using pre- 
viously published principles.!? The vertical line seen 
in this display represents an A,-A; interval equal to 
the mean of all spontaneous atrial cycle lengths in 
sinus rhythm whereas the lower horizontal line repre- 
sents an À»-A3 interval also equal to the mean spon- 
taneous atrial cycle length. The upper horizontal line 
represents an Ao-A3 interval equal to two spontane- 
ous atrial cycle lengths. Points falling on the middle 
diagonal line represent nonreset of the sinus nodal 
pacemaker by the atrial premature depolarization 
(A5). These late diastolic premature depolarizations 
do not have time to penetrate and reset the sinus 
node before it fires spontaneously and thus are fol- 
lowed by a fully compensatory pause. For these 
points, A1-A2 plus A2-A3 = 2(A,-A,). Atrial prema- 
ture depolarizations elicited earlier in atrial diastole 
yield A»-A3 intervals that fall below and to the left of 
the middle diagonal line as sinus pacemaker reset oc- 
curs; that is, when the premature depolarization pen- 
etrates and depolarizes the sinus node before its next 
expected spontaneous firing, the sinus pacemaker is 
reset. The return cycle is no longer fully compensato- 
ry but is greater than one spontaneous sinus cycle 
length. 

The value of Ao-A3 represents the duration of con- 
duction from the induced atrial premature depolar- 
ization into the sinus node, at which point reset oc- 
curs, plus the time until the next spontaneous sinus 
depolarization occurs (presumed equal to A;-Aj) plus 
the duration of conduction out of the sinus node to 
the atrium, when the next atrial depolarization oc- 
curs. Thus, A2-A3 equals A,-A, plus conduction time 
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into and out of the sinus node. Therefore, Ao-Ag 
minus À,-A, (which is represented by the distance of 
these points above the lower horizontal line) equals 
twice the sinoatrial conduction time. The mean of all 
Ao-Ag intervals in this zone was determined and a 
mean sinoatrial conduction time was calculated from 
the formula [(As-A3) — (A1-A1)]/2. 





FIGURE 1 (above). Lead Il rhythm strip at the 
onset of electrophysiologic testing revealing sinus 
rhythm with junctional escape beats. Time bar 
equals 1 second. 


FIGURE 2 (right). Rapid atrial pacing. Postpacing 
pauses (sinus recovery times, SRT) are plotted 
against driven atrial cycle length. Bars represent 
range of pauses at each pacing frequency in con- 
trol state (see text). Continuous line connects 
mean values. Triangles indicate pauses at corre- 
sponding pacing frequencies after administration 
of atropine. Point A — mean sinus recovery time at 
a driven atrial cycle length of 400 msec for three of 
four trials in the control state. Point B — pause rep- 
resenting probable 2:1 sinoatrial exit block in the 
fourth trial at a driven atrial cycle length of 400 
msec in the control state. Point C — junctional es- 
cape beat without retrograde conduction to the 
atria at a driven atrial cycle length of 400 msec 
after administration of atropine. Dashed horizontal 
line represents mean sinus cycle length. 
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Despite the borderline normal value of 83 msec so 
obtained, several return cycles were compatible with’ 
2:1 sinoatrial exit block. These points, not used in 
calculating the mean sinoatrial conduction time, are 
also seen in Figure 4A. When 2:1 sinoatrial exit block 
occurs, Ag is delayed by a time equal to one sinus 
cycle length; that is, the curve shifts upward a dis- 
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FIGURE 3. Termination of atrial 
pacing at driven atrial cycle 
lengths of 400 msec. Panel A, in- 
dicating results in three of four 
trials in the contro! state, corre- 
sponds to point A in Figure 2. 
'Panel B, indicating 2:1 sinoatrial 
exit block in the fourth trial in the 
control state, corresponds to 
point B in Figure 2. Panel C, indi- 
cating results after administration 
of atropine, corresponds to point 
C in Figure 2. Note the absence of 
atrial activity for 10,920 msec. 
Arrow indicates earliest atrial 
complex after pacing. The first 
five P waves to return result from 
atrial activation from junctional 
escape beats. Sinus P waves fol- 
low. Time bar equals 3 seconds. 


tance equal to A;-A;. Points then fall on the upper 
diagonal line or below and to the left of it, depending 
on the prematurity of the atrial premature depolar- 
ization. The lower diagonal line in this figure indi- 
cates where return cycles following interpolated atri- 
al premature beats would have occurred. The mean 
post-return cycle (A3-A4), not shown on this plot, was 
not significantly different from the mean of all other 
sinus cycles. 

Atrioventricular conduction: A-H and H-V in- 
tervals were normal, however, A-H Wenckebach phe- 
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nomenon appeared with a paced atrial cycle length of 
500 msec. 


After Atropine 


Rhythm and rate: The mean atrial cycle length 
shortened to 953 msec in the steady state after ad- 
ministration of atropine. 

Rapid atrial pacing: On all but one occasion the 
postpacing pauses were lengthened by comparison 
with the mean value of sinus recovery time at equiva- 
lent pacing rates before administration of atropine 
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FIGURE 4. The return cycle (A2-A3) plotted as a func- 0 


tion of the test cycle (A4-A5) during atrial premature 
stimulation. Panel A = control state; Panel B = state 
after administration of atropine. See text for details. 


HRA 


FIGURE 5. Lead Il and high right atrial electrogram 

(HRA) during atrial premature stimulation. Panel A, HRA 
nonreset of sinus node (points fall on the middle diago- 

nal line in Figure 4). Panel B, reset of sinus node I 
(points fall above the lower horizontal line but to the 

left of and below the middle diagonal line in Figure 4). 

Panel C, reset with 2:1 sinoatrial exit block (point falls 

above the upper horizontal line but to the left of and 

below the upper diagonal line in Figure 4). In each C 
panel, the brackets represent a distance equal to the 

mean A-A; cycle length. In Panel A, A4,-A» plus A2-A5 

equals two brackets and therefore equals two times HRA 
A1-À4. In Panel B, A,-A»2 plus Az-A; is less than two 
times A4-A.. In Panel C, A;-Az plus Az-As is one cycle 
length longer than in Panel B because of the length- 
ening of A2-A3 by a distance of approximately one 
A 4-A4. Time bar equals 1 second. 
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(Fig. 2). Only two pauses were terminated by beats of 
sinus origin. With a paced atrial cycle length of 500 
msec, the postpacing pause was terminated by a junc- 
tional depolarization after 4,524 msec. With a paced 
atrial cycle length of 400 msec, the postpacing pause 
was terminated by a junctional depolarization with- 
out retrograde atrial conduction at 5,794 msec (Fig. 2, 
point C, and Fig. 3C). No atrial activity was seen 
until a junctional beat with retrograde atrial depolar- 
ization occurred after 10,920 msec. The sinus recov- 
ery time was therefore even greater than 10,920 msec. 
Premature atrial stimulation: An estimated 
-~ mean sinoatrial conduction time of 75 msec was cal- 
_ culated from the plot of As-A3 versus A;-Ao (Fig. 4B). 
_ Rare recovery cycles demonstrating 2:1 sinoatrial exit 
_ block were again seen. The reference lines in this plot 
have the same meaning as in Figure 4A. Frames 
— showing examples of nonreset, reset and 2:1 sinoatri- 
. al exit block after reset during atrial premature stim- 
-ulation are shown in Figure 5. 
| Atrioventricular conduction: A-H and H-V in- 
_ tervals were again normal. A-H Wenckebach phe- 


. nomenon occurred only with a paced atrial cycle 


$ length of 400 msec. 


Discussion 
É Our patient clearly manifested several features of 
. symptomatic sinus nodal dysfunction classically a 
part of the sick sinus syndrome.?-? Light-headedness, 


. exertional dyspnea and supraventricular ectopic 


beats were all associated with inappropriately slow 
sinus rates as revealed by ambulatory monitoring. 
Provocative testing allowed further documentation 
and quantitation of the degree of sinoatrial dysfunc- 
tion. Such testing?^?-!? rests upon the principles of 
overdrive suppression by rapid atrial pacing, assess- 
ment of sinoatrial responses to atrial premature stim- 
ulation and manipulation of autonomic balance by 
pharmacologic means. 

Sinoatrial recovery time: Gaskell!6 in 1884 first 
demonstrated the depression of intrinsic pacemaker 
rate that results from driving the heart at a rate fast- 
er than that of the dominant pacemaker. Further in 
vitro and in vivo support for overdrive suppression 
followed,!/-1? although the necessary and possible 
pacing frequencies varied from species to species. In 
recent years, the response of the sinus node to rapid 
atrial pacing has become one clinical method of pro- 
vocative testing for sinoatrial dysfunction.?.11.12.15 
The length of time required for the sinus node to re- 
sume impulse formation after overdrive suppression— 
that is, the sinus recovery time—has been thought to 
reflect in large part the automatic properties of the 
node. However, conduction from the atrium to the 
sinus node during pacing and sinoatrial conduction 
after pacing must be considered in assessing the cath- 
eter-recorded postpacing recovery interval. 

Values for the sinus recovery time have been de- 
scribed for normal persons and have been contrasted 
with those obtained in patients with sinus bradycar- 
dia or the sick sinus syndrome.29.11.12.15 Unfortunate- 
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ly, the criteria for separating normal from abnormal 
values have varied. Rios et al.!5 found that the sinus 
recovery time averages 108 percent of the prepaced 
sinus rate in normal subjects and 113 percent in pa- 
tients with the sick sinus syndrome, whereas Rosen 
et al? stated that, in normal patients, cessation of 
rapid atrial pacing does not produce asystolic periods 
lasting 1.4 seconds. Narula et al.!! first suggested cor- 
rection of the sinus recovery time for heart rate. In 27 
of 28 of their normal subjects, the value for sinus re- 
covery time minus sinus rate, was 110 to 525 msec (15 
to 59 percent of sinus cycle length). However, 16 of 28 
patients with sinus bradycardia also had corrected 
sinus recovery times in this range. Mandel et al? 
noted that 3 patients with the sick sinus syndrome 
had a longer sinus recovery time (4,732 + 67 [stan- 
dard error of the mean] msec) than did 43 normal 
subjects (1,041 + 56 msec) and subsequently re- 
ported!* that 29 of 31 patients with symptomatic sick 
sinus syndrome had a mean maximal postpacing 
pause of 3,164 + 334 msec, whereas the normal mean 
was 1,073 + 67 msec. In their normal subjects this 
represented a maximal pause of 106 to 128 percent of 
control sinus cycle length, the exact percentage de- 
pending on the pacing rate used. Ferrer's review? 
states that for a sinus cycle length of 1,000 msec a 
pause of 125 percent of the control cycle length is 
strongly suggestive whereas at sinus rates of 42 beats/ 
min (a cycle length of 1,420 msec) a pause of 1,700 
msec or more is diagnostic of sinus nodal dysfunction 
although this value is only 120 percent of the control 
cycle length. In our patient the maximal sinus recov- 
ery time in the control state was 2,632 to 3,325 msec, 
which is well in excess of 160 percent of the control 
sinus cycle length and exceeds any of the cited crite- 
ria of abnormality. 

Sinoatrial conduction time: Estimation of sino- 
atrial conduction time by examining the sinoatrial re- 
sponse to premature atrial stimulation is also, in our 
opinion, useful in assessing sinoatrial function. Re- 
cent use of this principle stems from the observations 
of Langendorf et al?" on the behavior of sinus 
rhythm interrupted by atrial parasystolic beats and 
the subsequent application of these observations.!9- 
13,14,21-24 As with rapid atrial pacing, in vitro work 
has supported the principles and revealed some of 
the pitfalls of this technique.”°-27 Although the mean 
sinoatrial conduction time in our patient was only 
mildly prolonged when compared with values gener- 
ally obtained at the same heart rate,28 the documen- 
tation of 2:1 sinoatrial exit block indicates a severe 
disturbance of conduction. 

Atropine: Provocative testing of sinus nodal func- 
tion by pharmacologic means has been less extensive- 
ly analyzed. Although considerable data exist con- 
cerning the response of normal subjects to graded 
doses of atropine,??29-35 only recently have the re- 
sponses in patients with sinoatrial dysfunction been 
examined.??.12.21,39,40 These responses suggest that a 
blunted acceleration in heart rate after administra- 
tion of vagolytic agents indicates sinoatrial dysfunc- 





tion. Mandel et al.,!? for example, reported that after 
administration of 0.025 mg/kg of atropine the aver- 
age increase in heart rate was only 23 percent (52 to 
64 beats/min) in 31 patients with sinus bradycardia. 
Narula?? found that 2 mg of atropine intravenously 
caused the sinus cycle length to decrease to less than 
1,000 msec in only 3 of 75 patients with sinus brady- 
cardia, and Rosen et al.? found that although 8 of 11 
patients with symptomatic sinus node disease had an 
increase in heart rate of 25 to 125 percent after 1 mg 
of atropine intravenously, none had a sinus rate of 
more than 90 beats/min. Although our patient's sinus 
rate increased by 54 percent in response to 1 mg of 
atropine intravenously, a dose greater than those re- 
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it implies that sinus nodal suppression and sinus re- - 


4 


covery time might be even more severely prolonged if . 


the node were penetrated by an equivalent number of - 


atrial impulses per unit of time before the adminis- - 


tration of atropine, when the spontaneous firing rate 
was slower. 

Second, a disturbance in sinoatrial conduction 
could explain the increase in sinus recovery time 
after administration of atropine. Since the sinoatrial 
junction functions somewhat analogously to the 
atrioventricular junction, disturbances in sinoatrial 
conduction can promote reentrant rhythms*? in the 
perinodal fibers.4? Reentrant beats have been dem- 
onstrated in the region of the sinus node in both ani-- 


B 


‘ 


mal*+4° and human*®.4’ studies, and concealed con- 
duction in this tissue has also been noted.*® There is - 
no reason to believe, therefore, that repetitive con- - 
cealed conduction such as has been shown to occur in - 
the atrioventricular nodal region*? could not occur in | 
the sinus nodal region as well. It is thus possible that- 


ported to induce a paradoxical sinus bradycardia??.29- 
34,37,38,40 with an accompanying paradoxical in- 
crease in sinus recovery time,?? this increase repre- 
sented a peak post-drug rate of only 63 beats/min. 
Far less has been written concerning the effects of 
vagolytic agents on the sinus recovery time and the 


mean sinoatrial conduction time. Engel et al.?! and 
Mandel et al.!? have stated that atropine can shorten 
a prolonged sinus recovery time, although Narula et 
al.!! indicated that the sinus recovery time will not 
necessarily shorten to normal and suggested that 
nonsinus escape beats are more likely to terminate 
the postpacing pause after atropine. In view of the in- 
creased sinus rate and improved sinoatrial conduc- 
tion seen in our patient in response to atropine, it 
seems surprising that rapid atrial pacing in the post- 
medication state resulted in significant lengthening 
of the postpacing pauses with markedly prolonged 
atrial quiescence on two occasions. In fact, similar al- 
though less dramatic findings have previously been 
reported on only one occasion to our knowledge.*! 
Mechanisms of paradoxical response to atro- 
pine: This seemingly paradoxical increase in the 
sinus recovery time after atropine may have resulted 
from: (1) alterations in sinus nodal automaticity, (2) 
alterations in sinoatrial conduction time, and (3) pos- 
sible alterations in intra-sinoatrial nodal conduction. 
First, a primary change in sinus nodal automatic 
function must be important, although it is insepara- 
bly linked with alterations in sinoatrial conduction 
time. When the latter is decreased by atropine, there 
may be better penetration of the sinus node by atrial 
paced beats at any frequency of pacing than during 
the control state. If more paced impulses propagate 
to the sinus node per unit of time, sinus suppression 
might increase, thereby prolonging the sinus recovery 
time. This explanation assumes that (1) the mean si- 
noatrial conduction time is improved enough after 
administration of atropine to allow more atrial stim- 
uli to reach the sinus node; (2) maximal sinus recov- 
ery time occurs at the atrial pacing rate that allows 
the maximal frequency of sinus nodal penetration per 
unit of time (which may not always be true); and (3) 
in spite of the increase in spontaneous automatic fir- 
ing rate after administration of atropine, the sinus 
node remains highly sensitive to overdrive suppres- 
sion of automaticity. If this latter assumption is true, 
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a reentrant rhythm in the perinodal fibers with con- - 
cealed sinoatrial conduction, causing repetitive reset- 


ting of the sinus node but antegrade conduction 
block to the atria, could account for the apparently 
prolonged sinus recovery time in our patient after ad- 
ministration of atropine. 


Third, it is known that conduction of impulses- 


within the sinus node is relatively poor.2’°° Conduc- 


tion of impulses from the atrium to the sinus node is - 


not necessarily associated with resultant depolariza- 


tion of the entire node. Furthermore, the automatic 


properties of all P cells within the node are not iden- 
tical. Therefore, the possibility exists that sinus im- - 


pulse initiation after atrial premature stimulation or 
atrial pacing may not be by the same cell or at the 
same rate as existed before the atrial initiated beat. If 
intranodal conduction is influenced by vagotonia, 
then the possibility exists that such conduction could 
be enhanced by atropine, resulting in more uniform 
and complete depolarization of sinus nodal P cells 
when stimulated by an impulse arising in the atrium. 
This theoretical effect of atropine could conceivably 
enhance the suppression of sinus nodal automaticity 
by atrial pacing. 

Clinical implications: Atropine may have thera- 
peutic effects in patients with the sick sinus syn- 
drome. It is capable of increasing sinus rate and im- 
proving sinoatrial conduction in some symptomatic 
patients, but in an as yet undetermined percentage of 
such patients, it may be potentially detrimental. As 
functional testing in our case demonstrated, the ten- 
dency to post-tachycardia asystole may be enhanced 
by the very agent proposed for therapy. Whether a 
prolongation of the sinus recovery time during pro- 
vocative testing correlates precisely with the fre- 
quently observed period of severe bradycardia or 
asystole that may follow termination of spontaneous 
atrial tachyarrhythmias in the bradycardia-tachycar- 
dia form of the sick sinus syndrome has not yet been 
fully evaluated, but there is evidence that this is the 


case.1 ^7 Regardless of the mechanism, an increase in - 
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post-tachycardia bradycardia produced by atropine 


. could increase the severity of symptoms in these pa- 
tients. We therefore recommend that provocative 


_electrophysiologic testing be repeated after potential- 
ly therapeutic pharmacologic agents are adminis- 
tered to patients with sinus nodal dysfunction since 
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this may be the only means of demonstrating the pos-, 
sible detrimental effects of such therapy. 
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This report describes how the testing magnet was used to diagnose 
intermittent and incomplete electrode fracture in two patients with an 
implanted demand pacemaker. During fixed-rate pacing the interval 
between two consecutive pacemaker spikes intermittently doubled in 
length, suggesting that the pulse generator was continuing to fire on 
time into a transiently disrupted circuit. Attenuated pacemaker spikes 
occurring at the anticipated time of pacemaker discharge also provid- 
ed a diagnostic clue. Ventricular electrograms from the defective elec- 
trodes registered small false signals. 


The widespread use of demand pacemakers from a proliferating num- 
ber of manufacturers has added a new dimension to clinical electro- 
cardiography and has made the evaluation of pacemaker function in- 
creasingly difficult. This report describes use of a testing magnet to 
diagnose intermittent and incomplete electrode fracture in two pa- 
tients with an implanted demand pacemaker. Such problems will un- 
doubtedly become more frequent as the longevity of pulse generators 
continues to increase. 


Case Reports 
Case 1 


The bundle of His in a 35 year old woman was surgically ligated because of 
intractable reciprocating supraventricular tachycardia in association with the 
Wolff-Parkinson-White syndrome.! Epicardial pacing electrodes were su- 
tured on the diaphragmatic surface of the heart (one on the left and one on 
the right ventricle) and connected to a Medtronic bipolar demand pulse gen- 
erator, model 5842. Pacing and sensing remained normal for about 20 
months; about 22 months after implantation the patient was hospitalized be- 
cause of the recent onset of syncope. The electrocardiogram revealed a com- 
plex pacemaker arrhythmia (Fig. 1 and 2). 

Analysis of electrocardiograms (Fig. 1 and 2): The basic automatic in- 
terval (on demand) is 960 msec. The arrhythmia is characterized by: 

1. Irregular prolongation of the spike to spike (S-S) interval to less than 
twice the automatic interval (960 to 1,460 msec). The S-S intervals of 1,080 
and 1,120 msec (Fig. 2, bottom and top, respectively) suggest partial recy- 
cling of the pulse generator because they are significantly shorter than the 
sum of one automatic interval (960 msec) and the delivery (paced) refractory 
period of this pulse generator (that is, the earliest time after a pacemaker 
spike that sensing can occur—about 250 to 300 msec for this unit).?? 

2. Apparent irregular prolongation of escape intervals. The escape inter- 
val, conventionally measured from the onset of the surface QRS complex, 
may vary according to the pattern of ventricular depolarization, that is, time 
of sensing.* This slight variation is clearly shown in Figure 2, where beats 
with a narrow QRS complex (beats A) recycle the pulse generator with an es- 
cape interval of 980 to 1,000 msec, whereas Wolff-Parkinson-White beats 
with a broad QRS complex (beats B) initiate an escape interval of 1,080 msec 
(Fig. 1). However, the escape intervals seem to lengthen beyond the accept- 
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FIGURE 1. Case 1. Top, leads |, II, Ill and V, re- 
corded simultaneously. Bottom, leads V4, Vs 
and Vg recorded simultaneously. In this and sub- 
sequent figures the duration, in milliseconds, of 
the interval between two consecutive pacemak- 
er spikes appears above the top tracing in each 
panel and the apparent duration, in millisec- 
onds, of the escape intervals is indicated below 
the top tracing. The apparent escape intervals 
for beats B (Wolff-Parkinson-White beats with a 
broad QRS) range from 1,080 to 1,360 msec 
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FIGURE 2. Case 1. Top, leads |, Il and IIl record- 
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. able range; the escape intervals for beats A range from 
1,080 to 1,360 msec (Fig. 1), whereas those for beats B 
_ range from 980 to 1,140 msec (Fig. 2). 

3. Irregular pauses after paced or spontaneous beats. 
These pauses were shorter than two automatic intervals 
and were terminated by a spontaneous beat (Fig. 2). No 
. cardiac cycles were lengthened to more than twice the du- 
- ration of the automatic interval of the pulse generator. 

Electrocardiograms were recorded for long periods with 
the magnet over the pulse generator (Fig. 3). The automat- 
ic interval was immediately shortened to 940 msec, a nor- 

. mal response for this pulse generator. The amplitude of 
_the pacemaker spike did not change with respiration, but 
-. the duration of the S-S interval doubled to precisely twice 
_ that of the automatic interval about once in every 50 pace- 
maker spikes. The 1,880 msec S-S intervals contained di- 
minutive ineffectual pacemaker spikes (arrows) at the an- 
ticipated time of pacemaker discharge, that is, 940 msec 
-after the last pacemaker spike (Fig. 3). 

Multiple X-ray films of the pacing electrodes failed to 
reveal any fractures. 

The pulse generator was surgically disconnected and 
electrograms were obtained from the pacing electrodes with 
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shown in Figure 1. Bottom, leads Vi, V2 and V3 
recorded simultaneously. The escape intervals 
for beats A (beats with narrow QRS) (third last 
beat, top panel, first and fifth beats, bottom 
panel) range from 980 to 1,140 msec. The S-S 
intervals of 1,080 and 1,120 msec suggest par- 
tial recycling of the pulse generator. See text. 


the V lead of an electrograph (Siemens Mingograph, fre- 
quency response 400 hertz). The first electrode recorded a 
large ventricular electrogram free of artifact (Fig. 4, top); 
unipolarization of the pacing system, using this electrode as 
the cathode, resulted in normal sensing and pacing with a 
threshold of 2 milliamperes (tested with an external Med- 
tronic pacemaker, model 5880). Electrograms from the sec- 
ond electrode (Fig. 4, bottom) revealed small artifacts (ar- 
rows), usually near the end of the T wave. Unipolarization, 
using this electrode as the cathode, reproduced the pace- 
maker arrhythmia previously seen, and the pacing thresh- 
old was 6.5 milliamperes. 

A new pulse generator, model 5943, was then connected 
to the first electrode. The pulse generator that had been re- 
moved (model 5842) was suitably modified and used as an 
external pacemaker in another patient. No evidence of mal- 
function was noted, and this finding was subsequently con- 
firmed by the manufacturers, who observed only the antici- 
pated battery depletion for a generator of this age. 


Case 2 


An epicardial Medtronic demand pacemaker, model 
5942, was implanted in a 63 year old man with complete 
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FIGURE 3. Case 1. Application of the magnet. 
Top, leads |, Il, Ill and V4 recorded simultaneous- 
ly. Bottom, leads |, Il and Ill recorded simulta- 
neously. The S-S interval lengthens intermittent- 
ly to precisely double the duration of the auto- 
matic interval. Note the occurrence of small in- i 
effectual pacemaker spikes at the anticipated 
time of pacemaker discharge, that is, 940 msec 
after the last pacemaker spike (arrows). See 
text. i 


FIGURE 4. Case 1. Top, unipolar electrogram (UE) from the normal 
electrode recorded simultaneously with lead | (middle strip). The 
lower strip shows normal unipolar demand ventricular pacing with 
this particular electrode as the cathode. Bottom, unipolar electro- 
gram (UE) from the defective electrode, recorded simultaneously 
with lead | (middle strip). Note the intermittent occurrence of false 
signals (1 to 3 mv) near the end of the T wave. The lower strip 
shows abnormal unipolar demand pacing by a Medtronic pulse gen- 
erator, model 5943, when the defective electrode was the cathode. 


atrioventricular block. Sensing and pacing with an auto- 
matic interval of 840 msec remained normal until 10 
months after implantation when a routine electrocardio- 
gram revealed intermittent prolongation of the S-S interval 
to 1,380 msec (Fig. 5). Deep respiration or change in pos- 
ture did not significantly influence the size of the pacemak- 
er spike in simultaneously recorded leads I, II, III and Vj. 
These leads were then simultaneously recorded with the 
magnet over the pulse generator, but there was no evidence 
of malfunction during the recording of more than 1,500 
paced ventricular beats; the S-S interval remained constant 
(about 830 msec) and the few observed spontaneous beats 
were consistently followed by a spike of normal size falling 
within the absolute refractory period of the heart (Fig. 6A, 
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left panel). Further recordings with the magnet were ob- 
tained to observe the effect of critically timed spontaneous: 
beats upon the size of the subsequent pacemaker spike. 
The pacemaker spikes of paced ventricular beats remained 
consistently normal in size during a recording of 5,000. 
beats, but the amplitude of the spike was strikingly dimin- 
ished when it coincided with the T wave of some premature 
spontaneous beats (Fig. 6, A [right panel] and B to D).. 
Note the complete disappearance of the pacemaker spike - 
in Figure 6D with doubling of the S-S interval to precisely 
twice the length of the automatic interval. * 
Multiple X-ray films of the pacing electrode failed to re- 
veal any fractures. | 
The pulse generator was surgically disconnected. The 
bipolar electrogram recorded intermittent small artifacts. 
(arrows) related to the T wave (Fig. 7, top). Unipolar elec- 
trograms from the two electrodes were then recorded si- 
multaneously (Fig. 7, UE1 and UE2). Electrograms from 
the first electrode displayed intermittent artifacts (UE1, 
arrows). Unipolarization of the pacing system using this 
electrode as the cathode revealed a pacing threshold of 
more than 25 milliamperes (tested with an external Med- 
tronic pacemaker, model 5880). The electrogram from the 
second electrode (UE2) was entirely free of artifact. The 
pacing threshold was 1 milliampere when the system was 
unipolarized using the second electrode as the cathode. 
A new unipolar Medtronic pulse generator, model 5943, 
was connected to the second electrode. The new system has 
functioned well during several months of follow-up. The 
pulse generator that had been removed, model 5942, was 
returned to the manufacturers, who found no evidence of 
malfunction. | 
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Discussion 


Abrupt changes in resistance within a pacing sys- 
tem produce corresponding voltage changes between 
the anode and cathode and may generate false signals 
that can be sensed by a demand pulse generator.>* 
These signals generally occur at random and their 
presence should be suspected whenever demand pac- 
ing assumes a chaotic pattern as in Case 1. Case 2 il- 
lustrates how a defective electrode may induce rhyth- 
mic recycling of a demand pacemaker if mechanical 
systole creates false signals by making and breaking 
the circuit. The timing of such an abnormality would 
be electrocardiographically indistinguishable from T 
wave sensing. 


PACING ELECTRODE FRACTURE—COUMEL ET AL. 


. Factors affecting amplitude of pacemaker spike: 
Barring small physiologic variations with respiration, 
the amplitude of the pacemaker spike in a bipolar 
pacing system may diminish in the following circum- 
stances: (1) Pulse generator failure, which was ruled 
out in both cases. (2) Short circuit between the elec- 
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trodes, which was excluded by the electrographic re- 

cordings and successful conversion to long-term uni- ' 
polar pacing. (3) Defective electrode insulation. The 
size of the pacemaker spike is a function of the dis- 
tance between the electrodes and the current density. 
Because an insulation break creates an alternative 
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FIGURE 5. Case 2. Leads | and Il recorded si- 
multaneously. The S-S interval lengthens inter- 
mittently from 840 msec (automatic interval) to 
a value never higher than 1,380 msec. The bot- 
tom strip shows normal sensing of a spontane- 
ous beat by the pulse generator. 
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FIGURE 6. Case 2. Application of the magnet causes 
a slight shortening of the automatic interval to about 
830 msec.^ A, leads |, Il, Ill and V4 recorded simulta- 
neously. In the left panel there is no evidence of pace- 
maker malfunction. The third pacemaker spike is nor- 
mal in amplitude and falls within the refractory period 
of the heart. In the right panel, note the reduced size of 
the third pacemaker spike, also falling within the re- 
fractory period of the heart. B to D, lead V;. Various 
reductions in spike amplitude after spontaneous beats 
(arrows). In D, duration of the S-S interval increases 
to precisely twice that of the automatic interval, and 
the pacemaker spike disappears. Generalized reduc- 
tion of the pacemaker spike was also seen in leads | to 
IIl (not shown) recorded simultaneously with lead V4. 
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| | 


FIGURE 7. Case 2. Top, bipolar electrogram 
(BE) and surface lead |. Bottom, simultaneous 
recording of unipolar electrograms from the two 
electrodes (UE; and UE») and surface lead |. 
Note the small artifacts at the arrows. Calibra- 
tion — 1 mv. 


path for current flow,’ the electrical dipole of the 
leakage current from a small insulation defect close 
to the proximal electrode could theoretically reduce 
or cancel the resultant dipole and therefore the am- 
plitude of the pacemaker spike. Clinically, however, 
insulation defects in bipolar systems almost invari- 
ably increase the amplitude of the pacemaker 
spike,!°-!! making this possibility highly unlikely but 
not altogether impossible in our two cases. (4) A par- 
tial wire fracture with a fluid bridge. 

Testing magnet for diagnosing intermittent 
partial electrode fracture: The testing magnet for 
contemporary pacemakers is valuable in the evalua- 
tion of pacemaker function because its use eliminates 
all arrhythmias related to oversensing.!? This report 
shows how the magnet may also be used to diagnose 
intermittent partial electrode fracture. In this situa- 
tion, long electrocardiographic records are essential 
because firing of the pulse generator must coincide 
with the momentary increase in electrode resistance. 
Pacemaker spikes usually disappear in the presence 
of an electrode fracture but the attenuated spikes so 
clearly seen in Figures 3 and 6 provided a striking 
and relatively uncommon diagnostic clue of a tran- 
sient increase in electrode resistance. 

When the magnet was placed over the pulse gener- 
ator, the S-S interval intermittently lengthened to 
precisely double the duration of the automatic inter- 
val in contrast to its irregular prolongation during de- 
mand pacing. During fixed-rate pacing (that is, while 
the magnet is being used), pacemaker pauses that are 
exact multiples of the automatic interval suggest that 
the pulse generator is continuing to fire on time into 
a transiently disrupted circuit.!? When the spontane- 
ous rhythm is faster than the preset rate of a demand 
pacemaker this finding may be the only diagnostic 
clue to intermittent electrode fracture because false 
signals will remain undetectable. 

The electrogram from the defective electrodes reg- 
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istered small false signals of borderline voltage for 
sensing.!4 Although these relatively small signals may 
partially recycle contemporary implantable Med- 
tronic pulse generators,’ it is unlikely that they were - 
responsible for the shortened escape interval after | 
paced beats in Figure 2 because interruption of the — 
pacing circuit shortly after a pacemaker spike dis- - 
turbs the high residual polarization voltage at the - 
myocardial-electrode interface and generally creates — 
much larger signals.^!? The signals responsible for 
partial recycling after a paced beat probably were i 
quite large but fell within the relative refractory peri- i 
od of the pulse generator (the short recovery period 
after the delivery refractory period) when compara- — 
tively larger signals may also partially recycle an im- 
plantable Medtronic pulse generator.®*13 This possi- - 
bility reemphasizes the importance of fully under- 
standing the specifications of normally functioning - 
pulse generators since seemingly erratic behavior | 
may not necessarily indicate failure. sH 

Sensing of concealed ventricular extrasys- 
toles: Massumi et al.!? recently suggested that a de- - 
mand pacemaker could sense intracardiac voltage © 
generated by concealed ventricular extrasystoles (de- 
polarization confined to the His-Purkinje system and 
invisible in the 12 lead electrocardiogram'®). Several - 
authors!7-!9 have since accepted this concept despite © 
cogent alternative explanations? for these observa- . 
tions. The electrocardiograms in our report resemble — 
those described by Massumi et al.!? and, in this con- - 
text, spurious signals recorded from defective elec- 
trodes should not be interpreted as originating from 
the heart. The concept of sensed concealed ventricu- - 
lar extrasystoles should remain speculative and high- 
ly improbable on electrophysiologic grounds; consid- 
eration of this possibility in the differential diagnosis - 
of a complex pacemaker arrhythmia might detract 
attention from a potentially more serious problem 
such as an intermittent electrode fracture. 
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EDITORIALS 


.. ROBERT M. JERESATY, MD, FACC 


- Hartford, Connecticut 


= The syndrome of mitral valve prolapse with associ- 
. ated auscultatory and electrocardiographic findings 
. has recently generated considerable interest.!-25 Its 
- frequency has been documented in several large se- 
- ries. ?? Ours currently stands at 200 patients, with 
 angiographic confirmation of the mitral valve pro- 
—. lapse in 60. Two main theories have been advanced to 
. explain the etiology of this syndrome: The first 
 Stresses mitral valve abnormality and the second, 
. myocardial involvement as demonstrated by left ven- 
- triculography and hemodynamic studies. 


1. The Valvular Theory 


According to this theory, myxomatous degenera- 
-tion of the mitral valve is the underlying mechanism 
. responsible for the mitral valve prolapse.23.15.1621 
- The loss of the normally dense collagenous support- 
ing structure allows stretching of the cusps by normal 
. ventricular pressure and results in redundant and 
- ballooned leaflets. Fibrous friction lesions of the left 
ventricular endocardium with adhesions of the 
chordae tendineae and collagenous prolongation into 
. the subjacent myocardium have been described.22 
. Papillary muscle fibrosis in the absence of coronary 
_ atherosclerosis has been demonstrated.*:24 In all but 
one reported series,! rheumatic heart disease was not 

. evident. 

The valvular theory attempts to explain the vari- 
ous manifestations of the click syndrome. The chest 
pain is thought to be due to excessive stretching of 

_ the papillary muscles.^??5 According to the Laplace 
law, the chordae tendineae, attached to a voluminous 
_ billowing leaflet that by overshooting the other leaf- 
- let no longer has its support, are under increased ten- 
sion. Such forceful traction on the papillary muscle 
_ interferes with its rather tenuous vascular supply and 
. may produce papillary muscle and subendocardial fi- 
- brosis. The electrocardiographic changes and the 
ventricular arrhythmias are secondary to papillary 
muscle and endocardial ischemia and subsequent fi- 
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Etiology of the Mitral Valve Prolapse-Click Syndrome 


brosis. Sudden death is believed to be arrhythmic in 
origin. The click, which coincides with maximal pro- 
lapse,” is probably due to “sudden tensing of the ev- 
erted valve leaflets,” the “snapping of a sail” phe- 
nomenon.?' The late systolic murmur is attributed to 
the initially competent valve becoming incompetent 
as prolapse develops.?9?5 Response of the click and 
murmur to various maneuvers is explained by 
changes in the left ventricular volume.? The sharp 
systolic retraction seen in apex cardiograms is as- 
cribed to abnormal tension on the papillary muscle 
resulting in the base of the muscle being drawn in- 
ward. The indentation along the inferior border of 
the left ventricle?? may be due to the same mecha- 
nism.? 

Pathologic changes in mitral valve: In several 
recent reports, myxomatous degeneration was dem- 
onstrated in patients who had midsystolic clicks. AI- 
together, nine cases of this association have been doc- 
umented,7.1417,50-3? including a recent case observed 
by our group and two cases kindly reported in a per- 
sonal communication from Edwards and Guthrie.?? 
To my knowledge, these nine cases represent the only 
available adequate pathologic studies in patients 
with nonejection clicks. Their importance lies in the 
demonstration of redundant myxomatous cusps in 
each instance. Despite the absence of oculoskeletal 
manifestations, Read et al.!5 have ascribed myxoma- 
tous degeneration of the mitral valve to a forme 
fruste of Marfan's syndrome. At present, there is no 
evidence to warrant such generalization.? 


2. The Myocardial Theory 


This theory is based primarily on angiographic and 
hemodynamic findings without pathologic correla- 
tions. Although some workers have implicated coro- 
nary artery disease,?^?! most advocates of the myo- 
cardial theory have postulated a cardiomyopathy un- 
related to this disease. Their disparate findings are as 
follows: 

1. Abnormal systolic protrusion of the inferior as- 
pect of the left ventricle.?9 This results in elevation 
of the papillary muscles; the chordae tendineae be- 
come slack, allowing the posterior leaflet to balloon 
into the left atrium. 


- 2. Noncontraction or late systolic expansion of the 

inflow tract of the left ventricle with significant re- 
duction in the extent and mean velocity of fiber 
shortening in this segment.? The same group?! has 
reported congenital absence of the atrioventricular 
(A-V) groove branch of the left circumflex coronary 
artery, postulating that this absence may be respon- 
sible for the segmental myocardial dysfunction. 

3. Left ventricular asynergy. Gooch et al.? have de- 
scribed asynergistic contractions or relaxations in 17 
of their patients; 16 had an anterior convex bulging 
during late systole or early diastole, and eight of 
these also had systolic bulging of the inferoposterior 
wall of the ventricular cavity. One patient had apical 
akinesia. The same group!? have subsequently de- 
scribed five types of abnormal left ventricular systol- 
ic contraction patterns: (a) “ballerina foot” pattern 
(vigorous posteromedial contractions with anterior 
convexity); (b) “hourglass” pattern (vigorous ring- 
like traction involving the middle portion of the left 
ventricle); (c) inadequate shortening of the long axis; 
(d) posterior akinesia; and (e) pattern of cavity oblit- 
eration. 

4. Hemodynamic disturbances. We have described 
a constrictive pattern of the left ventricular pressure 
curves in 5 of our original 32 cases.?? In the absence 
of severe mitral regurgitation, hemodynamic studies 
have generally shown no abnormalities.?!? However, 
Gulotta et al.?? reported in 20 of their 26 patients left 
ventricular dysfunction documented by either elevat- 
ed left ventricular end-diastolic pressure, low resting 
cardiac index or inappropriate rise in cardiac index 
during exercise. 


3. Critique of the Myocardial Theory 


A. Relation between coronary artery disease 
and the mitral valve prolapse-click syndrome: 
Papillary muscle dysfunction resulting from coronary 
artery disease has been held by a few workers???^ to 
be responsible for this syndrome. I believe this repre- 
sents a coincidental rather than causal association of 
two common diseases.*:!*:36 We have observed only 
four instances of proved coronary artery disease in 45 
of our patients who underwent coronary cinearteri- 
ography (mild to moderate coronary stenosis in two 
patients and severe stenosis in two). Other au- 
thors?-10930 have reported on the results of selective 
coronary arteriography in more than 200 patients 
and have documented coronary artery disease in only 
2 to 3 percent. Furthermore, since October 1971, the 
date of publication of the article by Steelman et al.33 
we have been searching for midsystolic clicks among 
patients admitted to our coronary care unit (approxi- 
mately 700 patients annually). We encountered no 
patients who manifested clicks de novo in the course 
of acute myocardial infarction. A click was heard in 
only six patients, four of whom underwent cardiac 
catheterization; mitral valve prolapse was demon- 
strated in all and coronary artery disease in only two. 
Late systolic murmurs can be due to papillary muscle 
dysfunction,?7-?? but it must be proved that midsys- 
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tolic clicks as such can be caused by this disorder, an 
association that is not evident in three comprehen- - 
sive reviews of papillary muscle disease.?7?? It is un- - 
fortunate that some cardiologists, including the au- 
thors of a well respected textbook, have accepted 
the unproved concept of causal linking between coro- 
nary artery disease and the click syndrome. The 
available evidence does not warrant suspicion of cor- 
onary artery disease when a click is heard and sup- 
ports the converse view, that the finding of a click in 
a patient with atypical chest pain and ST-T wave 
changes makes coronary artery disease unlikely. 

Review of the coronary arteriograms in our 45 pa- 
tients revealed congenital absence of the A-V groove 
branch of the left circumflex artery? in only 8 pa- 
tients, 7 of whom had a large posterolateral branch of- 
the right coronary artery to compensate for this ab- 
sence. 

B. Nonischemic cardiomyopathy: The angio- 
graphic abnormalities range from akinesia? to hyper- 
contractility,!%?9 from hypokinesia of the inferior 
wall? to abnormal systolic protrusion of the same 
wall?? and from asynergy of the anterior wall with 
systolic bulging??5 to vigorous contraction involving 
the same area.!? To explain these contradictory find- 
ings disparate causes of the same syndrome have to . 
be postulated, thus prompting a search for an expla- 
nation for these discrepancies. The angiographic ab- 
normalities may be factitious and due to the effect of 
premature ventricular contractions induced during 
the injection of dye.*! In one of our patients who un- 
derwent two angiographic studies 4 years apart, 
marked asynergy associated with a run of premature 
ventricular contractions was noted during the first 
study but not during the second study, which was 
free of arrhythmias. Even if one assumes that abnor- 
malities of the left ventricular contraction are genu- 
ine, they do not necessarily indicate a primary myo- 
cardial disease. Rigidity of various segments of the 
left ventricle, particularly near the inflow tract, may 
be due to fibrotic friction lesions??; fibrosis of the pa- 
pillary muscles and adjacent endocardial areas re- 
sulting from excessive traction may explain localized 
akinesia or hypokinesia. Excessive contractility may 
be due to aneurysmal ballooning of the easily disten- 
sible cusps reducing the volume of blood encom- 
passed by the muscular element; this would mimic 
the effect of mitral insufficiency, decreasing myocar- 
dial afterload and increasing the velocity and extent 
of fiber shortening.? The sum of all these factors 
may result in a spectrum of angiographic manifesta- 
tions. 

The hemodynamic disturbances, when present, 
may be due to endocardial, subendocardial and papil- 
lary muscle ischemia and fibrosis. The decreased 
compliance would explain the “constrictive” pattern. 


4. Future Directions 


Implicating myxomatous degeneration of the mi- 
tral valve as the underlying mechanism in this syn- 
drome poses further etiologic problems. The main 
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question to be solved is: What is myxomatous degen- 
eration? What causes it? Shift of emphasis from the 
myocardial to the valvular theory would focus atten- 
tion on this pathologic abnormality and the nature of 
mucopolysaccharide infiltration. Only in a few re- 
ported cases?!??? was this syndrome found to be ge- 
. netically determined. No definite correlation with 
age was demonstrated by Pomerance,?! who suggest- 
ed a nonspecific tissue reaction resulting from many 
possible etiologic processes. 

Gross and microscopic studies are needed to eluci- 
date the etiology of the click syndrome and to con- 
firm the valvular theory of myxomatous degenera- 
tion. Since coronary artery disease does not induce 
myxomatous degeneration, the demonstration of a 
nonejection click in a patient with coronary artery 
disease and a nonmyxomatous mitral valve would be 
the only convincing evidence linking these two en- 
tities. 

In conclusion, the mitral valve prolapse-click syn- 





drome can be termed an entity in search of a raison 
d'étre. It is my contention that further research into 
the nature of the myxomatous process is, to quote 
Sutton’s law, “where the money is.” 


Addendum 


After submission of this editorial, Cobbs and King 
reported a case of mitral valve prolapse with “abnor- 
mal inward motion at the site of the posterior papil- 
lary muscle” (Cobbs BW, King SB: Mechanism of ab- 
normal ventriculogram and ECG associated with pro- 
lapsing mitral valve [abstr]. Circulation 49, 50 Suppl 
IETII-7, 1974). Mitral valve replacement was carried 
out for intractable ventricular arrhythmias and one 
episode of ventricular fibrillation. Postoperatively, 
the left ventriculogram promptly returned almost to 
normal. This interesting case adds further support to 
the valvular theory and disproves theories postulat- 
ing an abnormal contraction ring.9.10 
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Measurement of left ventricular volume in man ne- 
cessitates certain assumptions regardless of the 
method used. These assumptions tend to be forgot- 
ten as the method grows in popularity. Even though 
the originators of the technique of echocardiographic 
volume measurement admitted the inaccuracies in 
their assumptions, echocardiography is currently an 
accepted method for measuring ventricular volume. 
It is appropriate, therefore, to reevaluate critically 
this original and widely used technique and to em- 
phasize not only the original assumptions but also 
the many problems that heretofore may not have 
been considered by the clinician. 


Possible Errors in Echocardiographic Measurements 


The clinical applications of reflected ultrasound 
for volume measurement as performed by simulta- 
neously visualizing the interventricular septum and 
the left ventricular posterior wall have been de- 
scribed by several investigators.'© However, they 
disagree on the anatomic correlate of this measure- 
ment. Feigenbaum,!° Popp? and Murray? and their 
co-workers have stated empirically that these mea- 
surements represent an oblique section through the 
left ventricle. Pombo et al? and Fortuin et al.,* on 
the other hand, have presented evidence that the 
echocardiographic measurement represents the left 
ventricular minor axis. The probable answer to this 
seeming paradox is that ultrasound is not measuring 
the same dimension in all patients. 

Errors in measuring minor axis: The geometry 
of the left ventricle, the size and shape of the mitral 
leaflets, the orientation of the left ventricle within 
the chest cavity and the location of the acoustical 
window vary. Although these landmarks allow the 
echocardiographer to measure the same dimension in 
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the same patient from day to day, individual differ- 
ences can result in deviations from the “ideal” mea- 
surement in both the longitudinal and transverse di- 
rections. With use of a simplified geometric model of 
the left ventricle within the chest cavity (a model 
that, because of its geometric regularity, minimizes 
the effect of any deviation), it can be calculated that 
a 10? or 1 cm discrepancy between the ultrasonic 
beam and the minor axis can result in a 5 to 10 per- 
cent error in measurement of the minor axis. This is 
an even greater problem in ventricles that are larger 
and more spherical than normal: First, as a ventricle 
enlarges, its major axis becomes longer, and the true 
minor axis is displaced apically away from the tips of 
the mitral valve leaflets. Second, an oblique chord 
through an ellipse is more likely to approximate its 
minor axis than a chord through a sphere is likely to 
approximate its diameter. When the erroneous single 
dimension is extrapolated to three dimensions and 
when these measurements are applied to stroke vol- 
ume determination, this error becomes most signifi- 
cant. 

Errors in measuring distance: Assuming, 
though, that it is possible to standardize measure- 
ment of the minor axis, we must next consider the 
error involved in making any echocardiographic mea- 
surement of distance. One measures distances with 
ultrasound by assuming that the distance from the 
transducer to an object is proportional to the time it 
takes for the beam to be reflected back from the 
object to the transducer. Because there is a random 
error in transmission velocity through a nonhomo- 
geneous medium and because measured distance is a 
function of transmission “time,” there is a random 
error in distance measurement that varies directly 
with the distance measured. It is obviously impossi- 
ble to define exactly the magnitude of this error. For 
example, even if this error is only +1 percent of the 
distance, then (also allowing for the 0.1 cm resolu- 
tion) the approximately 5 cm distance between the 
transducer and the interventricular septum would 
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chronic obstructive pulmonary disease), the greater is — 
the error associated with this method of measure- . 


have an error of +0.15 cm. If the distance to the pos- 
ment. These error brackets must, of course, be added — 


terior wall is 10 cm, the error is 40.2 cm. Because 
these errors are random, they are added when the 

distances are subtracted, and the echocardiographic to the problem of locating the “right” dimension. 
dimension becomes 5 + 0.35 cm. (If it were possible Errors in translating minor axis dimension 
to place the transducer on the interventricular sep- into volume determination: If the left ventricular 
tum, then the dimension would be 5 + 0.15 cm.) The minor axis is known, is it possible to translate this - 
greater the distance from the chest wall to the heart linear dimension into a three-dimensional volume? It 
(for example, in patients who are obese or who have is possible if the following assumptions are true: (1) 


TABLE ! 
Comparison of Methods for Calculating End-Diastolic (EDV) and End-Systolic (ESV) Volumes from the Appropriate Ultrasonic x 


Dimensions (Ud and Us) | 
ciu colto D i T SECO I SCHON CRPNPES QE n NET, AA NT PUE RECEN UM at hee 4 4 

P SEE ESV vs. Us r P SEE 5 
————————————————————————— VR 


Reference* EDV vs. Ud r 
Pombo et al.? EDV = 0.962 Ud? + 11.53 0.97 <0.01 27.76 ESV = 1.041 Us? + 6.25 0.97 <0.01 23.64 a 
Fortuin et al.* EDV — 59 Ud — 153 0.83 «0.001 36 ESV — 47 Us — 120 0.84 «0.001 26 

EDV = 0.704 Ud? + 28.1 0.84 70 ESV = 0.793 Us? + 0.65 0.84 ia 44 
Feigenbaum et al. EDV = 0.922 Ud? + 72.42 0.895 « 0.001 55 ESV = 0.96 Us? + 42 0.809 «0.001 43 
Murray et al.® EDV = 53.9 Ud — 154.5 0.79 nE pt ESV vs. Us 0.66 MAS oa js 
ESV vs. Ud? 0.81 ESV vs. Us? 0.65 s je : 


* All authors reported statistically significant relations. Murray et al. did not derive regression equations for EDV vs. Ud?, ESV vs. 3 
Us or ESV vs. Us, Feigenbaum et al. derived, but did not report, a regression equation for ESV vs. Us*; the equation listed was — 


left ventricular axis measurement by 


derived from their data. 
d = end-diastolic; s = end-systolic; P= probability; SEE = standard error of the estimate; U = 


echocardiography. 
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FIGURE 1. Graphic representation of the formulas of Table |. The regression equation of Murray et al. for end-diastolic volume (EDV) vs. Ud is 
similar to that derived by Fortuin et al. (linear) and is not represented separately. For any given left ventricular axis measurement in diastole (Ud) 


or systole (Us), there is a whole range of formulas and volumes from which to choose. 
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that the longitudinal cross-sectional geometry of the 
left ventricle is known and is the same in all persons 
(present thinking assumes it to be an ellipse); (2) that 
its three-dimensional shape is this two-dimensional 
figure rotated on its major axis (that is, an ellipsoid 
of revolution in which all longitudinal cross sections 
are the same); (3) that these two conditions are true 
in both systole and diastole, in volume overload and 
in pressure overload states, in ischemic heart disease 


TABLE II 


and in primary myocardial disease; and (4) that the 
major axis of the left ventricle is constant or is a con- 
stant known multiple of the minor axis in all patients 
in systole and in diastole. Unfortunately, none of 
these assumptions are true—especially the last, and 
especially within the large group of patients with cor- 
onary heart disease. 

Certain known facts about ventricular geometry 
are applicable to this situation. Normal ventricular 


Equations Proposed to Calculate Stroke Volume (SV) from Echocardiographic Dimensions (Ud-Us) 
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Ud*-Us? 
Pombo et al.? SV = 1.16 (Ud?-Us*) — 23.3 0.83 «0.0 25.5 EF =1.47 ( re ) —0.29 0.80 «0.01 0.09 
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> eek SV = 1.54 (EDV-ESV) — 50.8] ( pi 25 ps rote ee ee 
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SV = 0.63 (Ud*-Us*)+ 26.9 0.83 ... 37 EF=1.19 ugs ) +008 08]  .. 00 
Feigenbaum etal5 — SV = 0.777 (Ud*-Us?) 0.71 «0.0001 34 M 
Ud-Us 
Murray et al. SV —175.4(Ud-Us) — 137.1 0.90 EF — 3.13 ( TE ) — 0.09 0.69 


SV = 35.1 (Ud-Us)? + 3.64 0.97 





The linear formula of Fortuin et al.* was based on their formulas for end-diastolic and end-systolic volume, and is shown in terms of 
these variables and in terms of U. 
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FIGURE 2. Graphic representation of the various formulas for calculating stroke volume (SV) and ejection fraction (EF). A, also shown are graphs 
that are derived if stroke volume = end-diastolic volume (EDV) minus end-systolic volume (ESV) according to the equations for EDV and ESV 
oublished by Feigenbaum et al.° and Pombo et al.? This is analogous to the method used in angiographic calculations and, although not strictly 
comparable, serves to demonstrate further the inaccuracy and inconsistency of the ultrasonic method. The formula of Murray et al. is not plot- 
ied because (Ud-Us)? = Ud? — 3Ud?Us + 3UdUs? — Us? and, therefore, cannot be compared with Ud? — Us?. B, the ejection fraction formulas 
3f several authors who used either (Ud? — Us?)/Ud? (called A) or (Ud — Us)/Ud (called B). Because of the different exponents involved, it is im- 
20ssible to compare “ʻA” and "B" equations. 
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shape does approximate an ellipsoid of revolution. As 
it enlarges, a ventricle becomes more spherical. Dur- 
ing ejection, the left ventricle becomes more spheri- 
cal. During ejection, the left ventricle does not con- 
tract concentrically. The minor axis shortens 10 to 35 
percent while the major axis shortens by only 1 to 5 
percent.’ At end-systole the ratio between the major 
axis and the minor axis is greater than at end-dias- 
tole. As the ventricle enlarges, the minor axis enlar- 
ges more than the major axis, and the ratio between 
the two axes becomes less. 


Correlation of Echocardiographic and Angiographic 
Measurements 


Despite these problems, four studies*® have re- 
ported statistically significant correlations between 
the ultrasonic left ventricular axis (U) and left ven- 
tricular volume. Pombo et al? assumed that the 
major axis is twice the size of the minor axis in all pa- 
tients in systole and in diastole. They then related 
left ventricular volume to U?. Feigenbaum et al.° also 
used U? because of its statistical superiority over U? 
or U. Fortuin et al.* compared the ventricular volume 
with U and U? and demonstrated similar statistical 
correlation with both U and U? in normal-size ventri- 
cles but better correlation with U in larger ventricles. 
Murray et al. were not able to demonstrate a statis- 
tically significant difference. Table I and Figure 1 
compare the findings of these investigators. The wide 
variations in the regression formulas derived from 
their data indicate the extent to which their results 
differ. To emphasize this point further, if all the data 
reported in these four studies were plotted on the 
same graph, an echocardiographic diastolic dimen- 
sion of 5 cm would be associated with angiographic 
volumes of 125 to 250 cm? and an end-systolic dimen- 
sion of 4 cm would be associated with angiocardio- 
graphic volumes of 50 to 150 cm?. Similarly, normal 
angiocardiographic volumes were reported in pa- 
tients who had abnormally small, normal or abnor- 
mally large echocardiographic dimensions. 

The scatter of angiographic volumes associated 
with any given ultrasonic dimension increased as the 
dimension increased. This is consistent with our two 
previous considerations. The difficulty in standardiz- 
ing the echocardiographic dimension increases as the 
ventricle becomes larger, and the error of measure- 
ment becomes larger as the ventricle enlarges. Just as 
the linear dimension is cubed to calculate volume, 
the error is also cubed. A dimension of 5 + 0.35 cm 
becomes a volume of 125 + 29 cm?, a dimension of 6 
+ 0.4 cm becomes a volume of 216 + 46 cm? and a di- 
mension of 7 + 0.45 cm becomes a volume of 343 + 73 
cm?. Once these error brackets are applied to vol- 
umes as predicted by the various regression formulas 
(Fig. 1), the possible range of volumes becomes huge. 
Accurate predictions are therefore impossible. 

These considerations become even more important 
when applied to the determination of stroke volume 
and cardiac output. If it is impossible to predict accu- 
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systole 
diastole 





N oblique axis (OB) 


orthogonal axis (OR) 


FIGURE 3. Relation of oblique section through the left ventricle 
(oblique axis) and the true left ventricular minor axis (orthogonal 
axis). Because the ejection fraction is a measure of the relative ex- 
tent of shortening of the minor axis, ultrasound can accurately mea- 
sure this variable. Furthermore, standardizing the ultrasonic mea- 
surement among individual patients is less important when measur- 
ing the ejection fraction. The oblique axis, the orthogonal axis and 
the constant angle approximate congruent triangles at end-diastole 
and at end-systole. As a result, the relative shortening of the oblique 
axis does accurately reflect the relative shortening of the orthogonal 
axis. 


rately end-diastolic and end-systolic volume, it must 
be impossible to predict stroke volume by this meth- . 
od. Table II and Figure 2 demonstrate the published 
formulas for calculating these variables. 


Clinical Status of Echocardiography 


Following the clinical course: Where, then, is 
the place of ultrasound in measuring left ventricular 
volume and pump function? Because echocardiogra- 
phy can reproduce the same measurement in the 
same patient, it is most useful for following the clini- 
cal course of individual patients. For example, we 
have used echocardiography to follow changes in vol- | 
ume during atrial pacing; the absolute dimensions 
and the degree of shortening during contraction de- 
crease at faster heart rates. When angina develops, 
the dimension increases, and the extent of shortening 
decreases even more. Premature ventricular contrac- 
tions have smaller dimensions, and the postextrasys- | 
tolic beats have larger diastolic and smaller systolic 
dimensions. 

Similarly, the course of a patient with a myocardial 
infarction could be followed. A patient with recurrent 
chest pain of unknown cause could be studied to see 
whether the expected changes in ventricular size that 
accompany angina pectoris are manifest. The re- 
sponse of a patient to pharmacologic intervention 
could be evaluated objectively since many drugs (dig- 
italis, diuretic agents, propranolol and nitroglycerin, 
for example) are effective because of their influence 
on ventricular volume. Also, pre- and postcoronary 
revascularization ventricular dimensions could be 
measured in all patients, and the occurrence of graft 
closure could be inferred because of deteriorated ven- 
tricular function even though the patient remained - 
asymptomatic. 
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Left ventricular ejection fraction: The other 
use of echocardiography may be in measuring left 
ventricular ejection fraction (EF). Because contrac- 
tion is a function of minor axis shortening: 


EDV — ESV 
EDV 
_ m/6 (Dd L) — 7/6 (Ds? L) 
a 7/6 (DEL) 
Dd? — Ds’ 
Dd’ 


where EDV is end-diastolic volume; ESV is end-sys- 
tolic volume; Dd is the end-diastolic minor axis; Ds is 
the end-systolic minor axis, and L is the major axis. 
Therefore, it is not necessary to be able to measure 
volume in order to measure ejection fraction. More 
importantly, because the ejection fraction represents 
a relative shortening of the minor axis, it is not neces- 
sary to standardize the echocardiographic measure- 
ment. As shown empirically in Figure 3, an oblique 
section through the left ventricle maintains a con- 
stant ratio to the true left ventricular minor axis. The 
two chords form approximately congruent triangles 
in systole and in diastole. This is true not only for an 
“ideal” ellipse but also for the more irregularly 
shaped ventricle. If Ud = K Dd and if Us = K Ds, 
where K is a constant and Ud and Us are the ultra- 
sonic left ventricular axes during diastole and systole, 
respectively, then 


EF = 
EF 


EF = 


A decreased ejection fraction occurs because of gen- 


eralized or localized abnormalities, or both, in ven- 
tricular contraction. Echocardiography may have its 
greatest value, in that regard, in measuring general- 
ized changes that can occur as a primary defect or in 
response to more localized disease. Echocardiography 
cannot detect mitral regurgitation directly, and in 
patients with this condition the ejection fraction 
tends to be high. Similarly, if the echocardiographic 
beam visualizes a localized area of hypokinesis in the 
septum or the posterior wall, a spuriously low ejec- 
tion fraction will be calculated. Two studies, one re- 
cently reported® and one recently completed in our 
laboratory, support some of these theoretical consid- 
erations. Although more studies are needed, this 
method may allow the physician to compare ejection 
fractions in the same patient and among groups. 

Compound-B ultrasonography: Another ap- 
proach to this problem is compound-B ultrasonogra- 
phy.? The advantage of this method over convention- 
al echocardiography is that both the longitudinal and 
orthogonal axes of the left ventricle can be measured 
in a complete study. Ventricular volume at end-dias- 
tole and at end-systole may be calculated by the 
area-length method of Sandler and Dodge.!° How- 
ever, in individual cases it may be difficult to outline 
the anatomic apex of the left ventricle, and the vol- 
ume will be underestimated. The compound-B ultra- 
sonic ejection fraction measures the relative change 
in cross-sectional area just as the conventional echo- 
cardiographic ejection fraction measures the relative 
decrease in minor axis. Besides being able to detect 
generalized abnormalities of ventricular contraction, 
compound-B ultrasonography can also indicate local- 
ized asynergic motion of the septum, posterior wall or 
apex.! 
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SURGICAL VS. MEDICAL THERAPY IN UNSTABLE 
ANGINA 


The recently published preliminary report by Bertolasi et 
al.! of a prospective and randomized study of surgical ver- 
sus medical therapy in unstable angina pectoris raises im- 
portant questions that cast an element of doubt on the au- 
thors’ conclusion that “... patients with the intermediate 
syndrome treated surgically appeared to have significantly 
reduced mortality.” 
In comparing medical with surgical therapy, it is impor- 
tant to define clearly the entire protocol of the medical 
therapy. The authors outlined only in very general terms 
medical treatment during the acute stage of the syndrome 
giving no details concerning long-term medical manage- 
ment except for a brief statement that: “... patients were 
evaluated at 4 month intervals." The data, as presented, 
thus appear to compare surgical treatment with, at best, 
variable medical therapy. Also, no information was provid- 
ed for either group in regard to (1) length of stay in hospi- 
tal, (2) frequency of follow-up visits and nature of medical 
treatment during the very important 3 or 4 months after 
onset of the intermediate syndrome, and (3) degree of 
physical activity permitted both groups during the same 
period. 
In addition, the statement that “... those who survive 
surgery are in better clinical condition than the medically 
treated patients” is based on an interesting but arbitrary 
and potentially misleading index. No information was 
given concerning the circumstances of death, actual inci- 
dence of early and late myocardial infarction, episodes of 
acute coronary insufficiency and anginal status in the two 
groups at various times during the follow-up period. 
Unless medically treated patients in such studies are 
subjected to specific protocols of treatment, comparison of 
the two groups gives rise to results that are of questionable 
validity, even in a preliminary report. 
Henry F. Mizgala, MD, FRCP(C), FACC 
Montreal Heart Institute 
Montreal, Canada 
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REPLY 


Dr. Mizgala's questions allow us to update our preliminary 
report. The study, which ended in April 1973, included 146 
patients with intermediate syndrome or progressive angina 
(cases with postinfarction angina are not considered here), 
33 of whom were excluded for reasons mentioned in our ar- 
ticle. The average hospital stay during the acute stage of 
the syndrome was 16.8 days; 100 percent of the included 
patients were followed up 13 to 47 months (average, 17.8). 
Each patient was studied every 4 months in order to obtain 
data, but of course was also examined as many times as re- 
quired by his clinical course. 

Of those patients with the intermediate syndrome, 28 
were treated surgically; mortality rate and incidence of 
myocardial infarction were 10.7 percent and 14.2 percent, 
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respectively. All deaths and infarctions occurred in the im- 
mediate postoperative period. T'wenty-four patients were 
treated medically; mortality rate was 45.8 percent (P 
<0.005) (the patients died, respectively, 2, 5, 7, 8 and 20 
days after admission and in the 2nd, 3rd, 8th, 12th, 16th 
and 40th months of follow-up). Nine patients (37.5 percent, 
P «0.06) had a myocardial infarction, six during the acute 
phase and three during the follow-up period. 

Of those patients with progressive angina, 34 were treat- 
ed surgically; mortality rate and rate of infarction were 8.8 


percent and 11.7 percent, respectively. All deaths and in- . 


farctions occurred in the immediate postoperative period. 
Twenty-seven patients were treated medically; mortality 
rate was 7.4 percent (P >0.80). The two deaths occurred, 
respectively, 2 days after admission and in the 12th month 
of follow-up; the rate of infarction was 7.4 percent (P 
70.45), one infarction occurring during the acute stage and 
the other during follow-up. 

Deaths were attributed to ischemic heart disease (sud- 
den death, myocardial infarction and cardiac failure) ex- 
cept for six deaths related to the surgical procedure (four 
occurring immediately after operation, one caused by renal 
failure and one due to sepsis). Two patients were excluded 
because their deaths were not related to heart disease or 
surgery (one due to gastric cancer and one to respiratory 
infection). 

The medical treatment given has already been summa- 
rized in our paper, but we will comment briefly here on the 
anticoagulant therapy and the use of beta adrenergic block- 
ing agents. Heparin was given in 25 percent of the cases, al- 
though our interest in that drug has lessened, especially 
since it has been postulated that thrombosis is frequently 
an epiphenomenon of the acute episode, particularly in 
cases of nontransmural necrosis without shock.!' None of 
the patients received beta adrenergic blocking agents be- 
fore coronary arteriography because of the increased risk to 
the patient. After the hemodynamic study propanolol or 
practolol was administered to 41 percent of the patients. 
These drugs were given when we suspected a “hyperkinetic 
state" or when they were not contraindicated by the left 
ventricular end-diastolic pressure or the left ventriculo- 
gram. We were not then aware of the report by Fischl et 
al.,2 who obtained an excellent therapeutic response with 
doses of up to 400 mg of these drugs; however, in their 
group of patients, strictly defined according to criteria sim- 
ilar to ours, 14 were operated on with good results (one 
death), whereas the 9 who were treated medically had a 
mortality rate of 33 percent after 1 year, similar to the 37.5 
percent rate recorded by us in the same period. These au- 
thors did not mention the complete medical protocol fol- 
lowed. 

We followed no “specific protocol" for long-term treat- 
ment. We used isosorbide dinitrate, beta adrenergic block- 
ing agents, diuretic agents and antiarrhythmic drugs for 
both medical and surgical groups. We did not use “meta- 
bolic" drugs or long-term anticoagulant agents. We evalu- 
ated the functional capacity of each patient through exer- 
cise testing. 

Concerning our index, it is clearly the summary of the 
clinical results updated every 4 months. Figure 1, A and B, 
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Figure 1. A and B, clinical evaluation of angina according to the New York Heart Associ- 
ation classification. One patient excluded (see text). M.T. = medical treatment. S.T. = 
surgical treatment; PTS = patients. 
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shows the results after 12 months of follow-up on the basis 
of symptoms of angina. These findings are supported by 
the identical results obtained in the more objective ergome- 
tric study. 

Finally, it is possible that we did not place enough em- 
phasis on the most important conclusion of our study. 
Among patients with unstable angina (excluding those with 
angina of recent onset and Prinzmetal's angina), there are 
two distinct groups: (1) those with the intermediate syn- 
drome, and (2) those with progressive angina. Mortality 
rate and the incidence of myocardial infarction differ sig- 
nificantly in the two groups: 45.8 and 7.4 percent (P 
<0.002) and 37.5 and 7.4 percent (P «0.01), respectively. 
Theroux and Campeau? have reached similar conclusions. 

'The patients of Gazes et al.,* although not studied angio- 
graphically, were carefully selected and followed up during 
a 10 year period. These authors also identified two distinct 
courses for their patients and observed that after 1 year the 
mortality rate was 43 percent for the high risk group and 2 
percent for the low risk group. Gazes et al. did not mention 
any specific treatment. 

On the basis of the clinical pattern in patients with angi- 
na, we now identify several syndromes that have classically 
been known as preinfarction angina: (1) angina of recent 
onset with and without sudden loss of physical capacity; (2) 
Prinzmetal’s angina; (3) intermediate syndrome; (4) pro- 
gressive angina; (5) postacute myocardial infarction (angi- 
na within 1 month after an acute myocardial infarction); 
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(6) acute persistent ischemia (this includes patients with 
the clinical findings of myocardial infarction [prolonged 
angina] without increased serum enzymes and with perma- 
nent modifications [more than 24 hours] in ventricular re- 
polarization [T wave inversion]). We do not intend hereby 
to establish new classifications, which may increase confu- 
sion. Nevertheless, differences in the natural course of 
these patients suggest that it is wise to identify those in 
whom the therapeutic approach should probably differ. 

Carlos A. Bertolasi, MD 

Jorge E. Trongé, MD 

Jorge Jalón, MD 

Cesar Carreno, MD 

Marcelo Ruda Vega, MD 

Clinica Güemes and Hospital C. Argerich 

Buenos Aires, Argentina 
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LIFE UNITS IN CORONARY ARTERY DISEASE 

The conflicting opinions concerning the efficacy of surgery 
and the tendency to delineate more and more subgroups of 
patients with coronary disease make it obligatory for the 
responsible physician to judge as best he can into which 
subgroup his patient falls. In my opinion there are almost 
as many subsets as patients. There is much more to pre- 
dicting a patient's natural history than knowledge of the 
anatomy of his coronary arteries. Even when the question- 
able random trials are concluded, it will still be the duty of 
the physician to take all knowledge of the patient—his life- 
style, his biochemistry and his response to treatment as 
well as the anatomy of his coronary arteries—into account 
and predict his natural history, using the published guide- 
lines of authorities. 

I suggest that the term *'life units" be used as the curren- 
cy of evaluation. Life units represent the number of years a 
person lives multiplied by the quality of life, which for 
practical purposes can be related to functional heart classi- 
fication. Class IV quality of life is rated 1; class III, 2; class 
II, 3; and class I, 4. Thus, 2 years lived at the class I level is 
equivalent to 

2X 4 = 8 life units 
If the predicted life units before surgery are compared with 
the life units after surgery, in time we will gain some idea of 
the significance of surgery for a particular patient. 

The term life unit would enable us to cope, using one 
measure, with the various ways that surgery can improve a 
patient’s condition, namely, reduction of pain, improve- 
ment in exercise tolerance, prevention of infarction and in- 
crease in life span. Unscientific and “soft” as it is, it is a 
useful working term for the clinician. It need not have the 
same significance for every patient or doctor, and that is a 
strength rather than a weakness. It is the individual that a 
clinician is evaluating, not a group of individuals. 

O. B. Tofler, MD 
Royal Perth Hospital, 
Perth, Western Australia 


COMMENT 
I share Dr. Tofler’s view that there is, in essence, an infinite 
number of subsets of patients with coronary disease since 


no two patients are identical. However, as physicians seek- 
ing to make the most rational judgments possible relative 
to major decisions affecting the life and health of our pa- 
tients, we believe that it is necessary to cluster many of 
these subgroups on the basis of the best available informa- 
tion. Under essentially all circumstances, this judgment is 
based upon less than optimal information. However, this 
does not negate the value of meticulously performed stud- 
ies of patients who can be clustered by one or several de- 
scriptors into reasonable population groups. 

I am in complete sympathy with Tofler’s desire to in- 
clude the quality of life in any equation describing the out- 
come of alternative methods of treatment. His numerical 
quantitation is undoubtedly a severe oversimplification. 
Nevertheless, it has the attraction of simplicity and consid- 
erable validity presented in easily understandable quanti- 
tative units. Most physicians unconsciously apply some 
such thinking into their decision-making process. However, 
by expression in quantitative. units, the relative merits of 
various treatments become more apparent. The hazard of 
such oversimplification is that greater emphasis may be 
placed upon the numerical product than is truly warranted. 
The application of such an equation to an analysis of pa- 
tients is awaited with interest. 

T. Joseph Reeves, MD, FACC 
Beaumont, Texas 
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ECHOCARDIOGRAM IN d-TRANSPOSITION OF GREAT 
VESSELS 


Dillon et al.! recently proposed that “the echocardiograph- 
ic finding of superimposition of the great vessels without 
intervening crista together with simultaneous recording of 
the semilunar valves is diagnostic for transposition of the 
great arteries.” The validity of this new diagnostic criterion 
was later challenged by Glaser et al.,? but the evidence pre- 
sented was refuted by Dillon.? 

We agree with Dillon that the recordings presented by 
Glaser et al. are inconclusive, although we believe that the 
latter's objection is valid. This belief is based on echocardi- 
ographic recordings that we recently obtained from two cy- 
anotic newborn infants who were later proved to have nor- 
mally related great vessels by cardiac catheterization and 
angiocardiography. 

Figure 1, from one of these infants, unequivocally shows 
both semilunar valves, recorded simultaneously, parallel to 
each other and without an intervening crista. It can be seen 
from this recording that the posterior aortic valve closes 
before the anterior pulmonary valve (arrows), as expected. 
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'The left atrium is seen behind the aortic valve. Another re- 
cording revealed normal continuity between the posterior 
aorta and the mitral valve. Similar findings were obtained 
in the second patient. 
Although it is also our experience that the semilunar 
valves can be recorded simultaneously in most patients 
with transposition of the great arteries, we believe that the 
evidence presented here shows that this finding is not diag- 
nostic, at least in the newborn. We have found useful the 
criteria proposed by Gramiak et al.* to determine the rela- 
tion of the great arteries. In the two cases discussed here, 
use of this technique indicated normal relation of the great 
vessels. 
Marc Paquet, MD 
Charles E. Mullins, MD, FACC 
Texas Children's Hospital 
Houston, Texas 
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FIGURE 1. Echocardiogram from a 3 hour old term infant with cyanosis and normally re- 


lated great vessels. E.C.G. = electrocardiogram; L.A. = left atrium; PULM. = pulmo- 
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CLINICAL CARDIAC RADIOLOGY, by Keith Jefferson and 
Simon Rees. Toronto, Canada, Butterworths, 1973, 326 
pages, $57.75 


The authors present a clinically oriented book of interest to 
both cardiologists and radiologists. The material is based 
on their personal experience with radiologic findings in 
some 1,500 patients with various forms of cardiac disease, 
in whom physiologic and anatomic “answers” were avail- 
able. 

The book is divided into two parts: Part I, general radiol- 
ogy, presents an overall view of radiographic changes that 
occur in heart disease. Heart size and variations in size of 
the cardiac chambers, the great vessels and the systemic 
veins are first described. Included are comments on the po- 
sition of the heart and its component parts and on calcifi- 
cation in the cardiovascular system. The next section is de- 
voted to the lungs, including changes of pulmonary vascu- 
larity, effects of pulmonary hypertension, effects of pulmo- 
nary thromboembolism, and infarction. A brief third sec- 
tion describes other systems affected by heart disease, such 
as the bony thorax, changes occurring in some hereditary 
syndromes and relations between general systemic diseases 
and the heart. Part II, clinico-radiological approach to 
heart disease, systematically presents radiologic appear- 
ances and findings in various cardiac diseases, including 
congenital heart disease, valvular diseases and myocardial 
and pericardial diseases. 

The book is written in clear language and is very well il- 


lustrated. The 377 figures (many containing several parts) 
consist largely of reproductions of radiographs, but there 
are also many anatomic drawings, diagrams and angiocar- 
diographic reproductions. Angiograms are used only to il- 
lustrate specific points; contrast radiography, as such, is 
not discussed. In addition to illustrative material, there are 
many tables showing data and explaining certain clinical- 
radiographic relations and probabilities. A bibliography 
contains an alphabetically arranged list of approximately 
300 cited articles. 

In contrast to electrocardiography, which is covered by a 
veritable plethora of textbooks, few books have been devot- 
ed to cardiovascular radiography. This one is outstanding, 
primarily because of its correlation of clinical and physio- 
logic data with radiographic findings. Written by radiolo- 
gists who have a deep understanding of the pathophysio- 
logic processes that occur in cardiac diseases, this book 
places radiography in its proper perspective: a technique 
that does not merely depict images of altered anatomic 
structures of the heart and related organs, but that also re- 
flects changes produced by specific functional processes. 
The reader not only will receive information on the expect- 
ed radiographic changes in various cardiac diseases and 
their role in diagnosis, but also will come away with a bet- 
ter comprehension of the underlying disease process. This 
volume is highly recommended to cardiologists and radiolo- 
gists alike. 

Arthur Selzer, MD, FACC 
San Francisco, California 
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President’s Page: 


The College, Education and 
the Heart House Learning Center 


The phrases "lifetime of learning," 
"prevention of obsolescence,” '"main- 
tenance of professional competence" 
and other reminders of our professional 
obligation are heard daily by all of us. 
This emphasis on continued education 
is not new. Competent physicians have 
always recognized educational activities 
as an integral part of their professional 
life, the sole purpose of which has been 
to provide. constantly improving, high 
quality patient care. However, because 
of the changes that are occurring so 
rapidly in medicine and cardiology, the 
educational aspects of professional life 
have reached crisis proportions. The 
potential for a very short "competency 
period” after completion of a training 
program is a source of frustration and, 
on occasion, panic. All too frequently, 
physicians are opting for early retire- 
ment, specialization in narrower areas 
of responsibility or, in other ways, are 
manifesting signs of failure to cope. 
Widespread failure to cope with early 
obsolescence would be a tragedy for 
several reasons, not the least of which 
would be failure to discharge our re- 
sponsibility to our patients. Failure on 
our part to provide guidelines and mate- 
rials for continuing cardiologic education 
and failure to incorporate into the sys- 
tem methods for measuring achieve- 
ment invites ‘‘outside’’ intervention. 
Regulatory controls imposed from with- 
out may be mediocre and therefore less 
acceptable than those we could devise 
for ourselves. In addition, provision 
needs to be made for a system that not 
only provides quality education for today 
but also investigates methods for con- 
tinuing education of tomorrow in order 
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that we avoid repetitive crises. Clearly, 
simple adherence to present education- 
al methods will not suffice. 

The recently formalized objectives 
for the Heart House Learning Center re- 
flect the awareness of the College for 
the needs of today and the future and, 
as such, incorporate ongoing service 
functions as well as research in educa- 
tional science. It seems appropriate to 
list these objectives: 

1. To meet demonstrated and per- 
ceived educational needs of profession- 
al health personnel. 

2. To construct a curriculum which 
will be responsive to changing needs, 
knowledge and teaching methods. 

3. To establish a resource center 
for media and instructional techniques 
for intra- and extramural use. 

4. To design improved methods of 
educational evaluation. 

5. To establish improved teaching 
techniques. 

6. To establish improved learning 
techniques. 

7. To collaborate with other so- 
cieties and institutions in accomplishing 
our educational goals. 

8. To increase participation of 
health professionals in continuing medi- 
cal education by assisting health profes- 
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sionals in designing learning experi- 
ences appropriate to their needs. 

9. To provide for effective distribu- 
tion of learning resources. 

10. To monitor the total educational 
system with respect to cost-effective- 
ness and appropriate utilization. 

11. To evaluate the degree to which 
the educational program has achieved 
the purpose of improving cardiovascular 
care. 

Heart House is not just bricks and 
mortar. In addition to serving as the per- 
manent headquarters for our College, it 
is an Institute for Research in Medical 
Education, a Learning Center and a Pro- 
duction Studio. The major goal is to pro- 
vide a mechanism whereby the College 
members and others wishing to take ad- 
vantage of the opportunity can be as- 
sured of being prepared for the delivery 
of quality cardiovascular care and as- 
sessment of that care which is surely 
forthcoming. Heart House is a continu- 
ous learning center. The need for 
"cramming' sessions should be mini- 
mal. 

The College is committed to imple- 
mentation of the above objectives. 

Charles Fisch, MD, FACC 
President 
American College of Cardiology 





Norms for Use in the Peer Review of Selected 
In-Hospital Cardiovascular Diagnoses 


Developed by 


the American College of Cardiology 


Bethesda, Maryland 


April 1, 1975* 


FOREWORD 


In 1974 the American College of Cardiology published (American Journal of 
Cardiology 33:697-709, 1974) norms for use in peer review of the quality 
of cardiovascular practice which were subject to periodic review. The 
American Medical Association (AMA) has since contracted with the Depart- 
ment of Health, Education, and Welfare (DHEW) to generate norms for use 
in PSRO. The present Norms represent a modification of the previous 
Norms to conform to a common format employed by all medical specialties. 
Along with the criteria developed by other medical specialties, these criteria 
will be submitted to DHEW for approval and dissemination to regional 
PSRO's. Regional PSRO's may accept these criteria for peer review, or 
they may generate their own local criteria. 


According to the format developed by the AMA, Items | and Il will serve 
for Concurrent Review; Items V and VI for Retrospective Review; Items lll 
and IV, though intended primarily for Retrospective Review, may also serve 
for Concurrent Review. 


The criteria to be published by DHEW will include specific instructions for 
their application. For example, it is assumed that all deaths will be reviewed; 
consequently, Item V (Discharge Status) makes no reference to death as a 
criterion for review. It should also be emphasized that the criteria were writ- 
ten to be as inclusive and straightforward as possible for use by paramedi- 
cal clerks. : 


The official position of the American College of Cardiology toward PSRO 
is explained in the original publication. 





* Members of ACC Cardiovascular Norms Committee are R. Joe Noble, MD, 


FACC, Chairman; Maxwell G. Berry, MD, FACC; Louis Gillespie, Jr., MD, FACC; 


Brendan Phibbs, MD, FACC; Arthur Selzer, MD, FACC; and Sylvan L. Weinberg, 
MD, FACC. 


Address for reprints: Mr. William D. Nelligan, Executive Director, American Col- 
lege of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 
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DIAGNOSIS/PROBLEM: 
CONGESTIVE HEART FAILURE 
427.0 (Code Number) 


|. Justification for admission 

A. Suspicion of or diagnosis of pulmonary edema 

B. Newly diagnosed CHF, to establish response to thera- 
py 

C. Unresponsive to outpatient management (i.e., persis- 
tent or recurrent symptoms of dyspnea, weakness, 
edema) 

D. Diagnostic admission; i.e., to establish etiology, func- 
tional significance of lesion, anatomic or physiolog- 
ic derangement (e.g., cardiac catheterization) 

ll. Length of stay 

A. Initial length of stay assignment for primary diagnosis 
or problem (numerical determinations to be estab- 
lished locally based on statistical norms) 

B. Extended length of stay assignment (numerical deter- 
minations to be established based on the individual 
patient's condition at the end of the initial length of 
stay period) 

1. Reasons for extending the initial length of stay 

a. Persistent symptomatology; i.e., refractory 
heart failure 

b. Pulmonary embolization 

c. Renal insufficiency and/or electrolyte im- 
balance 

d. Arrhythmia 

e. Myocardial infarction 

lll. Validation of: 

A. Diagnosis 

1. Positive chest X-ray findings of pulmonary con- 
gestion; or 

2. Positive physical findings of gallop rhythm, or ve- 
nous hypertension or edema or enlarged 
heart; or 

3. Improvement following digitalis or diuretics 

B. Reasons for admission 

1. Serious clinical 
weakness), l-C 
2. Invasive procedures based on suspicion of sur- 
gically remediable lesion, I-D 
IV. Critical diagnostic and therapeutic services 

A. Electrocardiogram (100%) 

B. Chest X-ray (100%) 

C. Serum electrolytes and blood urea nitrogen or creati- 
nine (10096) 

V. Discharge status 
A. Improvement in symptoms (Ill B- 1); and signs (Ill A-2) 
B. Documented plan of follow-up 

VI. Complications 

A. Primary disease and treatment-specific complications 
1. Rising blood urea nitrogen 
2. New arrhythmia, interpreted as consistent with 

digitalis intoxication 
3. Digitalis toxicity (digoxin level >4 ng/ml; digitoxin 
level >40 ng/ml) 

B. Nonspecific indicators 
1. Surgery 


disability (dyspnea, edema, 
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DIAGNOSIS/PROBLEM: HYPERTENSION 
(INCLUDE ACCELERATED, ENCEPHALOPATHY) 
401.0 (Code Number) 


|. Justification for admission 

A. Diastolic blood pressure in excess of 115 mm Hg 

B. Failure to respond to antihypertensive therapy 

C. Neurologic or sensorium abnormalities 

D. Suspicion of secondary cause of hypertension (e.g., 
renal disease, renal vasculature abnormality, adre- 
nal disease) 

E. Uncontrolled congestive heart failure (see Congestive 
heart failure), renal failure (rising blood urea nitro- 
gen) 

. Length of stay 

A. Initial length of stay assignment for primary diagnosis 
or problem (numerical determinations to be estab- 
lished locally based on statistical norms) 

B. Extended length of stay assignment (numerical deter- 
minations to be established based on the individual 
patient's condition at the end of the initial length of 
stay period) 

1. Reasons for extending the initial length of stay 

a. Secondary cause of hypertension discov- 
ered (e.g., renal disease, renal vascula- 
ture abnormality, adrenal disease) 

b. Unresponsive to initial antihypertensive 
therapy 

c. Neurologic abnormalities 

d. Congestive heart failure 

e. Renal failure (rising blood urea nitrogen or 
creatinine) 


lll. Validation of: 
A. Diagnosis 
1. Diastolic blood pressure in excess of 90 mm Hg 
B. Reasons for admission 
1. Historical documentation of I-B 
IV. Critical diagnostic and therapeutic services 
A. Blood pressure recorded daily, as a minimum (100%) 
B. Blood urea nitrogen or creatinine (100%) 
C. Electrocardiogram (100%) 
D. Fundoscopy (10096) 
E. Chest X-ray (10096) 
V. Discharge status 
A. Anti-hypertensive therapy (e.g., salt restriction, antihy- 
pertensive medication) 
B. Documented plan of follow-up 
C. Resolution of reason for admission 
VI. Complications 
A. Primary disease and treatment-specific complications 
1. None 
B. Nonspecific indicators 
1. Surgery 


DIAGNOSIS/PROBLEM: 

ARTERIOSCLEROTIC HEART DISEASE 

(INCLUDE ANGINA PECTORIS AND “CHEST PAIN") 
412.0 (Code Number) 


|. Justification for admission 
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A. Suspicion of unstable angina pectoris, including new 
angina pectoris 

B. Scheduled for coronary cineangiography 

ll. Length of stay 

A. Initial length of stay assignment for primary diagnosis 
or problem (numerical determinations to be estab- 
lished locally based on statistical norms) 

B. Extended length of stay assignment (numerical deter- 
minations to be established based on the individual 
patient’s condition at the end of the initial length of 
stay period) 

1. Reasons for extending the initial length of stay 

a. Persistent, recurrent angina pectoris 

b. Additional diagnostic evaluation (coronary 
cineangiography) 

c. Complications of diagnostic procedures 
(e.g., arterial occlusion, bleeding) 

d. Myocardial infarction 

lll. Validation of: 

A. Diagnosis 
1. History is sufficient;or 
2. Electrocardiographic confirmation of myocardial 


infarction; or 
3. Stress electrocardiographic test positive or rest- 


ing electrocardiogram during spontaneous an- 
gina positive; or 
4. Coronary cineangiographic confirmation 
B. Reasons for admission 
1. Suspicion of angina or positive electrocardio- 
graphic findings of ischemia (rest or exer- 
cise), I-B 
IV. Critical diagnostic and therapeutic services 
A. Electrocardiogram (100%) 
B. Chest X-ray (10095) 
V. Discharge status 
A. Patient's condition clinically stable or improving 
B. Documented plan of follow-up 
VI. Complications 
A. Primary disease and treatment-specific complications 
1. Complications of coronary cineangiography and 
catheterization (e.g., arterial occlusion, bleed- 
ing) 
B. Nonspecific indicators 
1. Surgery 


DIAGNOSIS/PROBLEM: 
MYOCARDIAL INFARCTION, ACUTE 
410.0 (Code Number) 


|. Justification for admission 

A. Suspicion of or diagnosis of acute myocardial infarc- 
tion 

B. Suspicion of unstable angina pectoris 

ll. Length of stay 

A. Initial length of stay assignment for primary diagnosis 
or problem (numerical determinations to be estab- 
lished locally based on statistical norms) 

B. Extended length of stay assignment (numerical deter- 
minations to be established based on the individual 
patient's condition at the end of the initial length of 
stay period) 
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1. Reasons for extending the initial length of stay 
a. Persistent arrhythmia 
b. Congestive heart failure or shock 
c. Aneurysm, mitral regurgitation, ventricular - 
septal perforation 
d. Recurrent pain (including pericarditis) 
e. Pulmonary embolization 
f. Coronary bypass surgery 
IM. Validation of: 
A. Diagnosis 
1. Electrocardiographic interpretation of acute 
myocardial infarction; or 
2. Elevation in serum cardiac enzymes (creatine 
phosphokinase, glutamic oxaloacetic trans- 
aminase, lactic dehydrogenase, etc); or 
3. Classic history and hospital course even in ab- 
sence of 1 and 2 (e.g., chest pain, interpreted 
as consistent with myocardial infarction. No 
specific modifiers required) 
B. Reasons for admission 
1. No entry necessary 
IV. Critical diagnostic and therapeutic services 
A. Monitoring of cardiac rhythm (100%) 
B. Intravenous infusion line maintained (100 96) 
C. Coronary care unit, if available (10096) 
D. Serial electrocardiograms (100%) 
E. Serial cardiac enzymes (100%) 
V. Discharge status 
A. Pain-free 
B. Documented plan of follow-up 
VI. Complications 
A. Primary disease and treatment-specific complications 
1. Arrhythmia interpreted as consistent with digital- 
is intoxication 
B. Nonspecific indicators 
1. None 


DIAGNOSIS/PROBLEM: ATRIAL FIBRILLATION 
(CRITERIA APPLICABLE TO OTHER ARRHYTHMIAS) 
427.4 (Code Number) 


|. Justification for admission 

A. Newly diagnosed 

B. Rapid rate requiring prompt slowing (or slow rate, with 
other arrhythmia) 

C. Failure to respond to ambulatory antiarrhythmic thera- 
py 

D. Symptoms of chest pain, syncope, dyspnea, or em- 
bolization 

ll. Length of stay 

A. Initial length of stay assignment for primary diagnosis 
or problem (numerical determinations to be estab- 
lished locally based on statistical norms) 

B. Extended length of stay assignment (numerical deter- 
minations to be established based on the individual 
patient's condition at the end of the initial length of 
stay period) 

1. Reasons for extending the initial length of stay 
a. Chest pain (angina — infarction) 
b. Congestive failure or shock 
c. Unresponsive to initial therapy 


July 1975 The American Journal of CARDIOLOGY Volume 36 127 


COLLEGE NEWS 


d. Serious ventricular arrhythmias 
e. Pacemaker therapy 
. Validation of: 
A. Diagnosis 
1. Electrocardiographic documentation of rhythm 
disturbance 
B. Reasons for admission 
1. No entry necessary 
. Critical diagnostic and therapeutic services 
A. Electrocardiogram (100%) 
B. Chest X-ray (100%) 
Discharge status 
A. Heart rate controlled within normal range 
B. Free of chest pain, syncope, dyspnea 
VI. Complications 
A. Primary disease and treatment-specific complications 
1. New rhythm disturbance interpreted as consis- 
tent with drug intoxication 
B. Nonspecific indicators 
1. None 


< 


< 


DIAGNOSIS/PROBLEM: 
VALVULAR HEART DISEASE 
424.0 (Code Number) 


|. Justification for admission 
A. Scheduled for cardiac catheterization 
B. Valvular heart disease complicated by heart failure, 
chest pain, syncope, hemoptysis or emboli 
C. Suspicion of or diagnosis of aortic stenosis 
ll. Length of stay 
A. Initial length of stay assignment for primary diagnosis 
or problem (numerical determinations to be estab- 
lished locally based on statistical norms) 
B. Extended length of stay assignment (numerical deter- 


Vi. 


minations to be established based on the individual 
patient's condition at the end of the initial length of 
stay period) 

1. Reasons for extending the initial length of stay 
. Arrhythmias 
. Bacterial endocarditis 
. Congestive heart failure 
. Thromboembolism 
. Hemodynamically significant valvular le- 

sion warranting surgery 
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Validation of: 
A. Diagnosis: Documentation of any of the following: 
1. Characteristic physical findings 
2. Cardiac catheterization confirmation 
3. Compatible electrocardiographic interpretation 
4. Compatible radiographic interpretation 
5. Compatible echocardiographic interpretation 
B. Reasons for admission 
1. Presence of valvular heart disease complicated 
(e.g., congestive heart failure, chest pain, 
syncope, hemoptysis, or emboli) I-A,B 


. Critical diagnostic and therapeutic services 


A. Electrocardiogram (100 96) 
B. Chest X-ray (100%) 


. Discharge status 


A. Anatomic diagnosis established 
B. Patient's condition clinically stable or improving 
C. Documented plan of follow-up 
Complications 
A. Primary disease and treatment-specific complications 
1. Complications of catheterization (eg, arterial oc- 
clusion, bleeding) 
2. Bacterial endocarditis developing during hospi- 
talization 
B. Nonspecific indicators 
1. Persistent fever 


25th ANNUAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY 


New Orleans, Louisiana 


Abstracts 


February 23-26, 1976 


Entries must be postmarked no later than September 22, 1975 


Technical Exhibits 


Deadline for requests for space: October 13, 1975 


Scientific Exhibits 


Deadline for requests for space: October 13, 1975 


Young Investigators’ Awards Competition 
Entries must be postmarked no later than October 31, 1975 


For application forms, write Patrick A. Ziarnik, Director, Annual Scientific Session Department, 
American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 200 14. 
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Calendar of Continuing Medical Education Programs 


The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the pro- 
grams are pertinent to direct care of pa- 
tients with heart disease. The need for such 
programs increases with the ever increasing 
amount of scientific and clinical data, the 
constant changes in technology and meth- 
odology, and the greater availability of thera- 
peutic options. Today most cardiologists, in- 
ternists and family practitioners feel the 
need of supplementing their professional 
reading by direct contact with the authors, 
research workers and leaders in the field. 

To solve these problems the Committee 
selects each year series of carefully super- 


vised programs which are usually preceded 
by extensive consultations with the program 
directors recruited among the foremost spe- 
cialists, educators and scientists in the field 
of clinical cardiology and allied basic 
science disciplines. 

Although each program director is per- 
sonally responsible for the choice of faculty, 
and the structure of the program, the Na- 
tional Committee of Continuing Education 
assumes the overall responsibility for the 
caliber of the postgraduate education and 
the relevance to the practice of cardiology. 
This is accomplished by the processes of 
meticulous scrutiny of the objectives, analy- 
sis of the educational methods, and studying 
the impact of each course on the knowledge 


and attitudes of the participants. 

These programs should help each physi- 
cian to keep up with the new knowledge, to 
put into practice the new advances and to 
retract gracefully from the obsolete and use- 
less practices. An effective practitioner 
must learn and relearn, listen to new ideas, 
share past experiences and observe the 
work of his peers. The National Program 
Committee for Continuing Medical Education 
of the American College of Cardiology be- 
lieves that these goals can be accomplished 
by all members and nonmember profession- 
als participating in our continuing education 
programs. 

Borys Surawicz, MD, FACC, Chairman 
National Program Committee 


Programs and faculty are subject to change. For further information write Mary Anne Mcinerny, Director, Department of Continuing Education 
Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 
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To be Preceptorships in Cardiology. 
arranged Arthur Selzer, FACC, director. 


individ- Pacific Medical Center, San 
ually Francisco, Calif. 
AUG. Tutorials in the Tetons (Cardiac 
23-25 Emergencies). Robert S. Eliot, 
FACC, director and Robert J. 
Davis, FACC, Alan D. Forker, 
FACC, Vincent F. Miscia, FACC 
and Gerald L. Wolf, co-directors. 
Grand Teton National Park, 
Moran, Wyo. 
SEPT. Stress Electrocardiography. 
8-9 Borys Surawicz, FACC, and 
Paul L. McHenry, FACC, direc- 
tors. University of Kentucky 
Medical Center, Lexington, Ky. 
SEPT. Core Curriculum: Mechanisms 
22-26 and Therapy of Cardiac Arrhyth- 
mias. Leonard S. Dreifus, FACC, 
director and Albert N. Brest, 
FACC, co-director. The Lan- 
kenau Hospital, Philadelphia, Pa. 
SEPT. Advanced Echocardiography. 
30- Harvey Feigenbaum, FACC, di- 
OCT.2 rector and Betty C. Corya and 


James C. Dillon, FACC, co- 
directors. Indianapolis Hilton 
Hotel, Indianapolis, Ind. 


OCT. Cardiology for the Consultant: 

6-15 A Clinician’s Retreat. E. Grey 
Dimond, FACC, director. Crown 
Center Hotel, Kansas City, Mo. 


OCT. Louis N. Katz Symposium— 

8-9 Coronary Artery Disease 1975: 
Dilemma, Dialogue and Deci- 
sion. Sylvan Weinberg, FACC, 
Leonard S. Dreifus, FACC, Her- 
man Hellerstein, FACC and Her- 
man Uhley, FACC, directors. 
Good Samaritan Hospital, Day- 
ton, Ohio 


OCT. New Techniques and Concepts 

9-11 in Cardiology: Pathogenesis, 
Diagnosis and Treatment of Cor- 
onary Atherosclerosis. Stephen 
E. Epstein, FACC, director. 
Washington Hilton Hotel, Wash- 
ington, D.C. 


OCT. Ischemic Heart Disease: Cur- 

14-16 rent Concepts. William J. 
Grace, FACC, director and 
Richard J. Kennedy, FACC and 
James T. Mazzara, FACC, co- 
directors. St. Vincent’s Hospital 
and Medical Center of New 
York, New York, N.Y. 


NOV. Core Curriculum: Phonocardiog- 

6-8 raphy and Pulse Recording— 
Workshop. Morton E. Tavel, 
FACC, director. The Methodist 
Hospital Graduate Medical 
Center, Indianapolis, Ind. 


NOV. Core Curriculum: Echocardiog- 

12-14 raphy, Phonocardiography and 
Pulse Tracings—A Basic Work- 
shop. Alberto Benchimol, FACC, 
director. Scottsdale Hilton Hotel, 
Scottsdale, Ariz. 


DEC. Advances in Heart Disease 

7-9 1976. Dean T. Mason, FACC, di- 
rector. Fairmont Hotel, San 
Francisco, Calif. 


DEC. Structure—Function Correla- 

7-10 tions in Cardiovascular Disease. 
William C. Roberts, FACC, direc- 
tor. Williamsburg Conference 
Center, Williamsburg, Va. 


DEC. Colloquia in Cardiology—Num- 

10 ber 8: Sudden Death and Myo- 
cardial Infarction: New Observa- 
tions. Robert W. Oblath, FACC, 
Ronald Danzig, FACC and Sam 
H. Stone, FACC, directors. Am- 
bassador Hotel, Los Angeles, 
Calif. 


DEC. The Dwight E. Harken Sympo- 

12-14 sium: Advances in the Prophyl- 
axis and Therapy of Cardiovas- 
cular Disease. Henry |. Russek, 
FACC, director. Americana Ho- 
tel, New York, N.Y. 


1976 


JAN. Future Directions in the Man- 

11-13 agement of Cardiac Disease. 
John H. K. Vogel, FACC, direc- 
tor and Bruce C. Paton, FACC 
and James S. Forrester, co- 
directors. Snowmass-at-Aspen, 
Aspen, Colo. 
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INSTRUCTIONS FOR AUTHORS 


THE WHOLE PAPER 


e Address manuscript to Simon Dack, 
MD, American Journal of Cardiology, 
666 Fifth Ave., New York, NY 10019. 

e Submit two copies of all elements of 
the article: text, references, legends, ta- 
bles and figures. 

e Arrange the paper in this order: (1) 
title page; (2) abstract; (3) text; (4) ref- 
erences; (5) legends; (6) tables; and (7) 
figures. 

e Number all pages in above se- 
quence, beginning with title page as 1, 
abstract as 2, etc. 

e Type all matter: (1) on 8% X 11 
opaque white bond paper; (2) in dupli- 
cate; (3) on one side of each sheet only; 
(4) double-space; (5) leave wide mar- 
gins, all four sides. 


THE TITLE PAGE 


e Include first names, degrees and, 
where applicable, FACC for all authors. 
e Provide a short running title of 3 to 6 
words. 

e Insert at bottom: name and address 
of institution from which work originated 
plus information about grants. 

e Add at bottom the phrase "Address 
for reprints: ...'"" followed by full name 
and address with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 
words for major articles; 50 to 100 
words for case reports. 

e Add at end of abstract: list of 2 to 6 
key words and subjects for indexing. 


THE TEXT 


e Type in duplicate; double-space. 

e Do not use abbreviations such as 
SVC, WPW: write out; superior vena 
cava, Wolff-Parkinson-White. 

e Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
Style Manual for Biological Journals, 
American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
Washington, D. C. 

e Cite in numerical order every refer- 
ence, figure and table. (Order of men- 
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tion in text determines the number given 
to each.) 

« Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Number the references in order in 
which they are mentioned in text. 

e Provide concluding page numbers for 
all journal references and specific page 
numbers for all book references. Indi- 
cate all abstracts by the abbreviation 
(abstr). 

e Follow the general arrangement, ab- 
breviations | and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

e Number pages in sequence after last 
page of references. 

e Identify at the end of each legend and 
in alphabetical order all abbreviations in 
the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 


e Give each table a number (in roman 
numerals; Table |, Il, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all ab- 
breviations used. 


THE FIGURES 


e Submit 2 glossy prints (not originals) 
of each photo and drawing. 

e Please note that art work of pub- 
lished articles will not be returned. 

e Use black ink for all charts (line 
drawings). Make decimals, broken lines, 
etc. strong enough for reproduction. 

e Use arrows to designate special fea- 
tures. 

e Crop photomicrographs to show only 
essential field. 

e Identify figures on back by number 
and author's name. 

e Number figures in order in which they 
are mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from pub- 
lisher and author to reproduce any pre- 
viously published figures. 

e Limit figures to number necessary for 
clarity. The publisher allows a limited 
sum toward reproduction. 


Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 


31, Bellet S, Feinberg LJ, Sandberg H, et al: 
The effects of caffeine on free fatty acids 
and blood coagulation parameters of dogs. J 
Pharmacol Exp Ther 159: 250-254, 1968 


(Author: please note that no periods are used after authors’ initials.) 


For books (edited by other than author of article): 


28, Schiebler GL, Van Mierop LHS, Krovetz LJ: 
Diseases of the tricuspid valve, chap 20. In, 
Heart Disease in Infants, Children and Ado- 
lescents (Moss AJ, Adams F, ed). Baltimore, 
Williams & Wilkins, 1968, p 134 


For books (with identical author and editor): 


36. Berne E: Principles of Group Treatment. New 
York, Oxford University Press, 1966, p 26 


(Author: all book references should have specific page numbers) 


Stimulation Technology, Inc. 


introduces the 3821T 
implantable cardiac pacemaker 





produced and distributed 
in the United States under 
license from Devices,Ltd. 
— for more than a decade 
one of the world’s leading 
developers of cardiac 
pacemakers: first with 
hermetically sealed hybrid 
pacemaker circuitry 





Replacement Credit Warranty: Five Years 


— and that tells you how we feel about 
the reliability and longevity ;of the 3821T 
implantable cardiac pacemaker 


oo 





Percent of Functioning Units 


The 3821T specifications: 


demand pacemaker - length 7.8 cm 
width 4.7 cm 
thickness 2.3 cm 
weight 130 gm 
basic rate 71+ 4 ppm 
hysteresis rate 60 ppm nominal 
interference rate 105 ppm nominal 
reed switch 
operated rate 105 ppm nominal 


(Rates given apply to implanted (37* C) 
- operation at normal battery voltage; exact rates, 
at room temperature, are shown on 
registration and information form enclosed 
— . With each pulse generator.) 


2 features of the 3821T 


* unipolar 
hybrid micro circuit construction 
battery depletion warning circuit 
unique interference handling capability 
hermetically sealed electronics 
small size 
lightweight 
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Implant Duration Mesh 
— — — Standard Electrode (18 sq. mm.) 


* These longevity projections are based on — ———- Micro Electrode (8 - 12 sq. mm.) 
theoretical calculations for the pulse generator 
battery life only and do not account for 
pacemaker malfunction due to random 
component failure or events which have no 
relationship to time. The results therefore 
may not represent actual pacemaker longevity. 
The above projections are made on the basis 
of chemical capacities, self-discharge rates, 
and current drains measured using standard 
and micro electrodes, and no inhibition. 
Calculations include empirical data and 
extrapolations based upon actual battery life 
experience, projections from improvements 
in the new double separator cell and effects 
of one year pulse generator storage prior 
to implant. 





Caution: U.S. federal law restricts this device For information and/or service contact: 
to sale by or on the order of a physician. ; : 

Stimulation Technology, Inc. 

9440 Science Center Drive 

Minneapolis, Minnesota 55428 
300025/375 Printed in U.S.A. © 1975 612/535-0255 Telex: 290347 













complete selections 
from Laragh's 
HYPERTENSION 
MANUAL 

in paperback 


Edited by John H. Laragh, M.D. The original Manual is 
already a classic treatise for understanding, diagnosing — 
and treating Hypertension—the most definitive work on — 
the subject to date. 


now available 
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SELECTIONS PRINTED AS FOLLOWS—FOR YOUR 
SPECIAL INTEREST 
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E _ HYPERTENSION 
B e A V EINE ee 1. HYPERTENSION/MECHANISMS—$12.50. 
ees.) p RENIN SYSTEM 500 pages—Contributors include—A.C. Guyton, L. 
Mees. sas oS sana Tobian, J.O. Davis, J.H. Laragh, J.E. Sealey, H.P. Dustan, 
| AND DIET — J.N. Cohn, V. DeQuattro, H.R. Brunner, F.R. Buhler, J. 
| Giese, A.R. Christlieb, L. Speroff, E.G. Biglieri, E.D. 
Vaughan, Jr., M.A. Schalekamp, J.C. Hunt and L. Baer. 
2. HYPERTENSION/METHODS— $7.50 
125 pages—Contributors include—D.R. Labarthe, K. - 
Engelman, J.H. Laragh, J.E. Sealey, C.M. Hawkins, R.D. — 
Remington, and F.R. Bühler. | 
3. HYPERTENSION/RENIN SYSTEM, 
' DRUG THERAPY AND DIET—$7.50 
iic oiii ra 3 110 pages—Contributors include—J.H. Laragh, E.D. 
Vaughan, |. Gavras, F.R. Bühler, H. Gavras, and L. Baer. 


ORDER ALL THREE FOR $25.00 (a $2.50 savings) 





in paperback complete selections 
from Laragh's HYPERTENSION MANUAL 


Please send me [O Hypertension-Mechanisms for $12.50 
O Hypertension-Methods for $7.50 
O Hypertension-Renin System, Drug Therapy & Diet for $7.50 
O All three for $25.00 





O Full Payment enclosed (save handling charges) O Bill me and add $1.00 for extra handling 





M E D | C AL NAME SPECIALTY 


BOOKS ADDRESS 


666 Fifth Avenue 
New York, New York 10019 CITY 
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Note Foreign orders add $2.00 for shipping /in New York State add appropriate sales tax 
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IN ECG 
STIRESS TESTING 


The Marquette ECG Exercise System provides the most 
complete multi-channel diagnostic monitoring system available 
for determining coronary insufficiencies by testing under con- 
trolled stress. 


For a full color brochure on this comprehensive new system, 
write: Marquette Electronics, Inc., Suite 344 , P.O. Box 8039. 8200 
West Tower Avenue, Milwaukee, Wisconsin 53223. 
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~ INTROPIN dopale HCI) 
. The only catecholamine 


withthis unique 
combination of action S 


D 









Intropin usually turns on: 
Increased perfusion of vital organs 


Multiclinic trials have demonstrated that Intropin provides 
adequate perfusion of vital organs. This is based upon a number 
of clinical parameters including an increase in urine flow which 
appears to be one of the better diagnostic signs of increased 
vital organ perfusion. 


Increased urine output 


Intropin significantly increases urine flow. This is in contrastto  : 
most other sympathomimetic amines, which usually cause little 
or no significant increase in urine output. 

This increased urine output is due to increases in glomerular 
filtration rate and renal blood flow and is accompanied by 
increased sodium excretion. Intropin may also increase urine 
flow in patients whose urine output is within normal limits and 
may promote diuresis usually with no decrease in osmolality. 

At doses above those optimal for the individual patient, urine 
flow may decrease, necessitating reduction of dosage. 


Increased cardiac output 


Intropin acts predominantly on the beta receptors of the heart to 
substantially increase contractility, stroke volume and cardiac 
output, as confirmed by invasive technique. 


Increased blood pressure 


Hypotension due to inadequate cardiac output can be managed 
by administration of low to moderate doses of Intropin. Prognosis 
is better in patients whose blood pressure and urine flow have 
not undergone profound deterioration. Therefore, it is suggested 
that the physician administer Intropin as soon as a definite trend 
toward decreased systolic and diastolic pressure becomes 
evident. 








For low cardiac output and hypoperfusion 
in the shock syndrome. 


Intropin usually will not turn on: 
A substantial increase in tachyarrhythmias 


One investigator reported less than a 3% incidence of 
tachyarrhythmias in clinical trials of 270 patients. The 
tachyarrhythmias which occurred were easily managed. 


Excessive myocardial oxygen consumption 
Intropin produces less increase in myocardial oxygen 
consumption than isoproterenol. During administration of 
Intropin, the myocardial oxygen supply/demand ratio has usually 
remained stable. Intropin appears to meet additional myocardial 
oxygen requirements by increasing coronary flow. 


Increased total peripheral resistance 


Administration of Intropin, at low and intermediate dosages, 
generally does not increase total peripheral vascular resistance. 
Blood flow to peripheral vascular beds may decrease while 
mesenteric flow increases. 


Intropin is indicated for the correction of hemodynamic imbalances in the shock syndrome 
due to: myocardial infarction, trauma, endotoxic septicemia, open heart surgery, renal 
failure and chronic cardiac decompensation as in congestive failure. 

The pharmacological actions of Intropin appear to differ significantly from other 
catecholamines. Over 6 years of clinical trials at more than 30 teaching hospitals have 
shown that Intropin can increase cardiac output, vital organ perfusion and renal flow with a 
low incidence of undesirable effects. 

Patients most likely to respond adequately to Intropin are those in whom urine flow, 
myocardial function and blood pressure have not undergone profound deterioration. 
Multiclinic trials indicate that the shorter the time interval between onset of signs and 
symptoms and initiation of therapy with volume correction and Intropin, the better the 
prognosis. Survival rates are considerably improved when Intropin therapy is initiated 
within 4 hours of onset of symptoms. 

As with all potent drugs, Intropin must be administered under close medical supervision. 
It is administered only by I.V. drip after dilution in a suitable |.V. solution. 


Serious undesirable effects seldom occur 
In multiclinic studies, adverse reactions necessitated 
discontinuation of Intropin therapy in only 11 (2%) of 526 patients. 


Before prescribing, see complete product information on the following page. 


&| ARNAR-STONE LABORATORIES, INC. 


NOS AEn 1h 
yen: EN tag je sy TN hs N 


ER ea 


Pee o BS: 


Rio? CT MASS Sere et 
YT T 
wd 


A68 






. TR NR TE EE iz "5a 
"ran 


ANA CI Oe ae ES 
u— “4 e? [o 4 
0l | ! | 


(dopamine HCI) 





9 mi. AMPUL / FOR I.V. INJECTION 





DESCRIPTION: INTROPIN (dopamine, HCI) is 3,4-dihydroxyphenethylamine hydro- 
chloride, a naturally-occurring biochemical catecholamine precursor of norepi- 
nephrine. The chemical structure is: 


HO CH,CH,NH, + HCI 


CH, NO, « HCI HO Mol. Wt. 189.65 
Dopamine hydrochloride is a white, odorless crystalline powder, freely soluble 
in water and soluble in alcohol. It is sensitive to light, alkalis, iron salts and 
oxidizing agents. 

Each milliliter of sterile, pyrogen-free INTROPIN Injection contains 40 mg. of 
dopamine hydrochloride (equivalent to 32.96 mg. of dopamine base) in Water for 
Injection, USP, containing 1% sodium bisulfite as a preservative. 


ACTIONS: INTROPIN exerts an inotropic effect on the myocardium resulting in 
an increased cardiac output. INTROPIN produces less increase in myocardial 
oxygen consumption than isoproterenol and its use is usually not associated with 
a tachyarrhythmia. Clinical studies indicate that INTROPIN usually increases 
systolic and pulse pressure with either no effect or a slight increase in diastolic 
pressure. Total peripheral resistance at low and intermediate therapeutic doses 
is usually unchanged. Blood flow to peripheral vascular beds may decrease while 
mesenteric flow increases. INTROPIN has also been reported to dilate the renal 
vasculature presumptively by activation of a ''dopaminergic" receptor. This 
action is accompanied by increases in glomerular filtration rate, renal blood 
flow, and sodium excretion. An increase in urinary output produced by dopamine 
is usually not associated with a decrease in osmolality of the urine. 


INDICATIONS: INTROPIN is indicated for the correction of hemodynamic im- 
balances present in the shock syndrome due to myocardial infarctions, trauma, 
endotoxic septicemia, open heart surgery, renal failure, and chronic cardiac 
decompensation as in congestive failure. 

Where appropriate, restoration of blood volume with a suitable plasma ex- 
pander or whole blood should be instituted or completed prior to administration 
of INTROPIN. 

Patients most likely to respond adequately to INTROPIN are those in whom 
physiological parameters, such as urine flow, myocardial function, and blood 
pressure, have not undergone profound deterioration. Multiclinic trials indicate 
that the shorter the time interval between onset of signs and symptoms and 
initiation of therapy with volume correction and INTROPIN, the better the 
prognosis. 

Poor Perfusion of Vital Organs—Urine flow appears to be one of the better diag- 
nostic signs by which adequacy of vital organ perfusion can be monitored. 
Nevertheless, the physician should also observe the patient for signs of reversal 
of confusion or comatose condition. Loss of pallor, increase in toe temperature, 
and/or adequacy of nail bed capillary filling may also be used as indices of 
adequate dosage. Clinical studies have shown that when INTROPIN is adminis- 
tered before urine flow has diminished to levels approximately 0.3ml./minute, 
prognosis is more favorable. Nevertheless, in a number of oliguric or anuric 
patients, administration of INTROPIN has resulted in an increase in urine flow 
which in some cases reached normal levels. INTROPIN may also increase urine 
flow in patients whose output is within normal limits and thus may be of value 
in reducing the degree of pre-existing fluid accumulation. It should be noted 
that at doses above those optimal for the individual patient, urine flow may 
decrease, necessitating reduction of dosage. Concurrent administration of 
INTROPIN and diuretic agents may produce an additive or potentiating effect. 


Low Cardiac Output— Increased cardiac output is related to INTROPIN's direct 
inotropic effect on the myocardium. Increased cardiac output at low or moder- 
ate doses appears to be related to a favorable prognosis. Increase in cardiac 
output has been associated with either static or decreased systemic vascular 
resistance (SVR). Static or decreased SVR associated with low or moderate 
increments in cardiac output is believed to be a reflection of differential effects 
on specific vascular beds with increased resistance in peripheral beds (e.g. 
femoral) and concomitant decreases in mesenteric and renal vascular beds. 
Redistribution of blood flow parallels these changes so that an increase in 
cardiac output is accompanied by an increase in mesenteric and renal blood 
flow. In many instances the renal fraction of the total cardiac output has been 
found to increase. Increase in cardiac output produced by INTROPIN is not 
associated with substantial decreases in systemic vascular resistance as may 
occur with isoproterenol. 


Hypotension—Hypotension due to inadequate cardiac output can be managed by 
administration of low to moderate doses of INTROPIN, which have little effect on 
SVR. At high therapeutic doses, INTROPIN's alpha adrenergic activity becomes 
more prominent and thus may correct hypotension due to diminished SVR. As in 
the case of other circulatory decompensation states, prognosis is better in 
patients whose blood pressure and urine flow have not undergone profound de- 
terioration. Therefore, it is suggested that the physician administer INTROPIN 
as soon as a definite trend toward decreased systolic and diastolic pressure 
becomes evident. 

CONTRAINDICATIONS: INTROPIN should not be used in patients with pheochro- 
mocytoma. 

WARNINGS: INTROPIN should not be administered in the presence of uncorrected 
tachyarrhythmias or ventricular fibrillation. 

Do NOT add INTROPIN to any alkaline diluent solution, since the drug is 
inactivated in alkaline solution. 

Patients who have been treated with monamine oxidase (MAO) inhibitors prior 
to the administration of INTROPIN will require substantially reduced dosage. 
Dopamine is metabolized by MAO, and inhibition of this enzyme prolongs and 
potentiates the effect of INTROPIN. The starting dose in such patients should be 
reduced to at least one-tenth (1/10) of the usual dose. 


Usage in Pregnancy—Animal studies have revealed no evidence of teratogenic 
effects from INTROPIN. In one study, administration of INTROPIN to pregnant 
rats resulted in a decreased survival rate of the newborn and a potential for 
cataract formation in the survivors. The drug may be used in pregnant women 
when, in the judgment of the physician, the expected benefits outweigh the 
potential risk to the fetus. 
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Usage in Children—The safety and efficacy of this drug in children has not been 
established. INTROPIN has been used in a limited number of pediatric patients, 
but such use has been inadequate to fully define proper dosage and limitations 
for use. Further studies are in progress. 


PRECAUTIONS: Prior to treatment with INTROPIN, hypovolemia should be fully 
corrected, if possible, with either whole blood or plasma as indicated. 

If a disproportionate rise in the diastolic pressure (i.e. a marked decrease in 
the pulse pressure) is observed in patients receiving INTROPIN, the infusion rate 
should be decreased and the patient observed carefully for further evidence of 
predominant vasoconstrictor activity, unless such an effect is desired. 

Although in clinical trials inadvertent subcutaneous infiltration did not pro- 
duce any evidence of necrosis, the usual precautions should be taken to avoid 
extravasation. 

Cyclopropane or halogenated hydrocarbon anesthetics increase cardiac au- 
tonomic irritability and therefore may sensitize the myocardium to the action 
of certain intravenously administered catecholamines. This interaction appears 
to be related both to pressor activity and to beta adrenergic stimulating prop- 
erties of these catecholamines. Therefore, as with certain other catecholamines, 
and because of the theoretical arrhvthmogenic potential, INTROPIN should be 
used with EXTREME CAUTION in patients inhaling cyclopropane or halogenated 
hydrocarbon anesthetics. 

Close monitoring of the following indices—urine flow, cardiac output and 
blood pressure—curing INTROPIN infusion is necessary as in the case of any 
adrenergic agent. 


ADVERSE REACTIONS: The most frequent adverse reactions observed in clinical 
evaluation of INTROPIN included ectopic beats, nausea, vomiting, tachycardia, 
anginal pain, palpitation, dyspnea, headache, hypotension, and vasoconstriction. 
Other adverse reactions which have been reported infrequently were aberrant 
conduction, bradycardia, piloerection, widened QRS complex, azotemia, and 
elevated blood pressure. 


DOSAGE AND ADMINISTRATION: 
WARNING: e n a potent drug: It must be diluted before administration to 
patient. 
Suggested Dilution—Transfer contents of one ampul (5 ml. containing 200 mg. 
INTROPIN) by aseptic technique to either a 250 ml. or 500 ml. bottle of one 
of the following sterile intravenous solutions: 
1) Sodium Chloride Injection, USP 5) Dextrose (596) in Lactated Ringer's 
2) Dextrose 5% Injection, USP Solution 
3) Dextrose (5%) and Sodium Chloride 6) Sodium Lactate (1/6 Molar) 
(0.9%) Injection, USP Injection, USP 
4) 5% Dextrose in 0.45% Sodium 7) Lactated Ringer's Injection, USP 
Chloride Solution 
These dilutions will yield a final concentration for administration as follows: 
250 ml. dilution contains 800 mcg./ml. of INTROPIN 
900 ml. dilution contains 400 mcg./ml. of INTROPIN 
INTROPIN has been found to be stable for a minimum of 24 hours after dilu- 
tion in the sterile intravenous solutions listed above. However, as with all 
intravenous admixtures, dilution should be made just prior to administration. 
Do NOT add INTROPIN Injection to 596 Sodium Bicarbonate or other alkaline 
intravenous solutions, since the drug is inactivated in alkaline solution. 


Rate of Administration—INTROPIN, after dilution, is administered intravenously 
through a suitable intravenous catheter or needle. An i.v. drip chamber or other 
suitable metering device is essential for controlling the rate of flow in drops/ 
minute. Each patient must be individually titrated to the desired hemodynamic 
and/or renal response with INTROPIN. In titrating to the desired increase in 
systolic blood pressure, the optimum dosage rate for renal response may be 
exceeded, thus necessitating a reduction in rate after the hemodynamic condi- 
tion is stabilized. 

Administration at rates greater than 50 mcg./kg./min. have safely been used 
in advanced circulatory decompensation states. If unnecessary fluid expansion 
is of concern, adjustment cf drug concentration may be preferred over increas- 
ing the flow rate of a !ess concentrated dilution. 


Suggested Regimen: 


1. When appropriate, increase blood volume with whole blood or plasma until 
central venous pressure is 10 to 15 cm H20 or pulmonary wedge pressure is 
14-18 mm Hg. 


2. Begin administration of diluted solution at doses of 2-5 mcg./kg./minute 
INTROPIN in patients who ere likely to respond to modest increments of heart 
force and renal perfusion. 

In more seriously ill patients begin administration of diluted solution at doses 
of 5 mcg./kg./minute INTRCPIN and increase gradually using 5 to 10 mcg./kg./ 
minute increments up to 20 to 50 mcg./kg./minute as needed. If doses of 
INTROPIN in excess of 50 mcg./kg./minute are required, it is suggested that 
urine output be checked frequently. Should urine flow begin to decrease in the 
absence of hypotension, reduction of INTROPIN dosage should be considered. 
Multiclinic trials have shown that more than 5095 of the patients were satis- 
factorily maintained on doses of INTROPIN less than 20 mcg./kg./minute. In 
patients who do not respond to these doses with adequate arterial pressures 
or urine flow, additiona! increments of INTROPIN may be emploved in an effort 
to produce an appropriate arterial pressure and central perfusion. 


3. Treatment of all patients requires constant evaluation of therapy in terms 
of the blood volume, augmentation of myocardial contractility, and distribution 
of peripheral perfusion. Dosage of INTROPIN should be adjusted according to 
the patient's response, with particular attention to diminution of established 
urine flow rate, increasing tachycardia or development of new dysrhythmias 
as indices for decreasing or temporarily suspending the dosage. 


= 4. As with all potent intravenously administered drugs, care should be taken 


to contro! the rate of administration so as to avoid inadvertent administration 
of a bolus of drug. 


OVERDOSAGE: In case of accidental overdosage, as evidenced by excessive blood 
pressure elevation, reduce rate of administration or temporarily discontinue 
INTROPIN until patient's condition stabilizes. Since INTROPIN's duration of 
action is quite short, no additional remedial measures are usually necessary. 
If these measures fail to stabilize the patient's condition, use of the short- 
acting alpha adrenergic blocking agent, phentolamine, should be considered. 


HOW SUPPLIED: 5 ml. ampuls containing 40 mg. dopamine HCI per milliliter. 


A ARNAR-STONE LABORATORIES, INC. 


A Subsidiary of American Hospital Supply Corporation 
Mount Prospect, Illinois 60056 
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of Holter Electrocardiography extends the reach of your 
practice by providing you with sophisticated equipment, 
an expert staff and a complete ECG report that frees you 
to devote your time to diagnosis and treatment... 


Equipment that is reliable and 
provides uninterrupted 
ambulatory, office-quality 
ECGs for up to 24 hours. 


A team of professionals behind 
you devoted exclusively to the 
processing of Holter recordings 


with attention to accuracy and 
detail that is rarely equalled 
in office or hospital. 


The recording is summarized in a 
report that provides a complete, 
standardized and documented 
digest of your patient's ECG. 





All of this is the promise of Holter recording. 


Cardio-Dynamics Laboratories Inc. 
9454 Wilshire Boulevard 
Beverly Hills, California 90212 
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Sales Agents 
Searle Laboratories 
SEARLE Division of G.D. Searle & Co., Chicago, Illinois 60680 


Copyright © 1975, Catdio-Dynamics Laboratories Inc., Beverly Hills, Ca. 90212 * April 1975 + 593 « Printed in U.S.A 





N-- other nitr- --lyc_rin ta>ict 
offers you all . these advantages: 
— New level of stability’ : 


without sacrifice of disintegration time 
without sacrifice of bioavailability 


New level of tablet elegance $ 
| Minimal crumbling or powdering; controlled 
nitroglycerin volatility; yet disintegrates in vitro as 
quickly as other nitroglycerin tablets tested; 
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i (nitroglycerin tablets UP | 
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Sublingual Table * minimum deterioration with time or exposure 
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' New level of convenience 


100 | | 
Ta Color-coded tablets as well as labels for easier 4 
identification; lessens patient confusion; eases x 


? Warner /chilcol ` patient conversion (strength or brand). 
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Please send patient-starter samples of NITROPRN™ 
(nitroglycerin, USP) sublingual tablets. 








Street 


City State Zip 


Authorized Signature 


eS US MCN 


The most stable 
nitroglycerin tablet yet 


ALL NITROGLYCERINS START OUT POTENT. HOWEVER, DELIBERATELY DEMANDING 
TEST CONDITIONS SHOWED NITROPRN RETAINED POTENCY LONGER: 








STABILITY RESULTS 


Room Temperature Storage in Open Containers 


After 1 week, NITROPRN could deliver 90% 
Nitroprrt nitroglycerin; after 4 weeks, it could still deliver 
0.6 mg 76% nitroglycerin potency. Yet NITROPRN 
in vitro disintegration time is either Superior or 
equal to that of other brands of nitroglycerin 
ALL OTHER tablets tested. This consistent level of stabil ity 

ES ERTED insures potency from tablet to tablet, and 

BELOW THIS LEVEL assures the angina patient the protection he 
needs from attack to attack. 
Yet NITROPRN costs only 


pennies more than other nitroglycerins. 


% OF NITROGLYCERIN REMAINING 


2 
DURATION IN WEEKS 





(Patients sometimes leave their die cade exposed. The open-dish method, 
a most demanding stability test, shows that Nitroprn retains its potency 
even under extreme exposure, thus protecting even careless patients.) 


NITROPRN 


(nitroglycerin, USP) sublingual tablets 20060 





0.4 mg 
(1/150 gr) 


0.6 mg 
(1/100 gr) 














classic therapy 
enhanced by 
innovations of 
modern technology 





First Class 
Permit #2 
Morris Plains 
New Jersey 
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.. BUSINESS REPLY MAIL 


NO POSTAGE NECESSARY IF MAILED IN THE UNITED STATES 


3 Postage will be paid by: 


Warner Chilcott 


— Division, 
; — Warner-Lambert Company, 
. _ 201 Tabor Road 
— Morris Plains, New Jersey 07950 


— Attention: P J. Martin 


Warner/Chilcott 


Division, 
Warner-Lambert Company. 
Morris Plains, 

New Jersey 07950 


"Methods used: The semi-automated Content 
Uniformity Assay based on the procedure of 
Fusari, S.: J. Pharm. Sci. 62:122 (1973), with 
modifications by the Applied Analytical Research 
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New Saunders books - 


in/on circulation. 
(The word's getting around.) 


SELZER: Principles of Clinical Cardiology 


Re-establishing management of cardiac patients in the realm of the 
clinician is Dr. Selzer's aim, and this practical book shows how an 
analytic problem-solving approach can be tailored to the needs of 
individual patients. Basic insights into diagnosis, treatment and car- 
diac disturbances are followed by detailed discussions of diseases 
affecting the heart and circulation. All physicians who deal even occa- 
sionally with heart disease will benefit from this eminently readable 
book. 


By Arthur Selzer, MD, Chief of Cardiology and Director of Cardiopulmonary 
Laboratories, Presbyterian Hospital of Pacific Medical Center, S.F. 735 pp. Il- 
lustd. About $20.00. Just Ready. Order #8060-7. 


GUYTON, TAYLOR & GRANGER: 
Circulatory Physiology II: 
Dynamics and Control of the Body Fluids 


This second volume covers the dynamics of edema formation in the 
peripheral tissues and lungs, and describes the relationship of the 
kidneys, hormonal system and nervous reflexes to body fluid control. 
Of special interest is new material on the physical bases of pressure 
transmission through the tissues, and on basic regulatory mechanisms 
for body fluid control and distribution. 


By Arthur C. Guyton, MD, Prof. and Chairman; Aubrey E. Taylor, PhD, Prof.; 
and Harris J. Granger, PhD, Assoc. Prof.; all of the Dept. of Physiology and 
Biophysics, Univ. of Mississippi Medical Center. About 400 pp. Illustd. About 
$20.00. Just Ready Order #4361-2. 


Vol. I: Cardiac Output and Its Regulation, 2nd ed., by Arthur C. Guyton, Carl 
E. Jones & Thomas G. Coleman. 556 pp. 214 figs. $20.00. April 1973 


Order #4360-4. 


HUTCHINSON & ACHESON: Strokes 
Natural History, Pathology and Surgical Treatment 


This neurological view of cerebral ischaemia relates physiological and 
pathological aspects of cerebral circulation to the natural history of 
stroke. Effects of hypertension are examined at length; and abnormal 
electrocardiograms, heart size and elevated serum cholesterol levels are 
keyed to prognosis. Both medical and surgical approaches to treatment 
are recommended. 


By E. C. Hutchinson, MD, Consultant Neurologist, North Staffordshire Hospi- 
tal Centre, Stoke-on-Trent, Staffs; and E. J. Acheson, MD, Research Fellow, 
Dept. of Medicine, The Royal Infirmary, Manchester. Published by Saunders 
Ltd., London. 283 pp. Illustd. $23.00 March. Order #4870-3. 


VW. B. SAUNDERS company 


West Washington Square, Philadelphia, Pa. 19105 


Prices subject to change. 
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Effectiveness... 





I.V. Administration Guidelines for Premature Whentherapeutic blood levels are required 
Ventricular Contractions and Tachycardia quickly, I.V. Injections 
1. Preparation of drug: Dilute before l.V. use. 100 mg. every 5 minutes until arrhythmia suppressed 


(up to a maximum dose of 1 gram). 


LoC — D 
4. Precautionary measures: 
a. Keep patient in supine position. i-—L T 


b. Monitor electrocardiographically and discontinue 
if myocardial toxicity is evidenced. imi mA Ce 


c. Measure blood pressure almost continuously and 
temporarily discontinue infusion if blood pressure 
falls more than 15 mm. Hg. 


2. Usual dosage range: 200-1000 mg. 


3. Infusion rate: Not to exceed 25-50 mg. per minute. 
Total I.V. dose not to exceed 1000 mg. 








For ventricular arrhythmias 





S UIB ® ‘The Priceless Ingredient of every product 
is the honor and integrity of its maker 'TM 
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oy a variety of routes 





I. V. Infusion Oral Administration Guidelines to Provide 
2-6 mg. per minute'. 50 mg. /kg./day* for Ventricular Arrhythmias 
(42.8 .g./min./kg.)? Ventricular Tachycardia 


1. Wyman MG, Hammersmith L: Am J Cardiol 33:661-667, 1974 (give priming dose of 1 g. if patient has not received 
2. Bigger JT, Jr., Giardina EV: MCV Quart 9 (1): 65-76, 1973 prior infusion) 


Premature Ventricular Contractions 





< 120 Ibs. 120-200 Ibs. > 200 Ibs. 
250 mg. 375 mg. 500 mg. 
Terminate I.V. infusion tablet q. 3 h. tablet q. 3 h. tablet q. 3h. 
4 hours before 
oral regimen begun. 


*This dosage schedule is for use as a guide for treating 
the average patient, but all patients must be considered 
on an individual basis. 











Pronestyl 


Procainamide Hydrochloride) 
hrough the entire therapeutic course 


See next page for brief summary. 
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i Without symptoms of lupus erythematosus-like syndrome. If a posi- 
z | ^ tive ANA titer develops, the benefit/risk ratio related to continued 
. | procainamide therapy should be assessed. This may necessitate 


Considerations of alternative anti-arrhythmic therapy. 





" persensitivity to Ba iai auth exists; bear in mind cross sensitivity to 
“procaine and related drugs. Should not be given to patients with com- 
p ete atrioventricular heart block. Contraindicated in cases of second 


"operative. 


Administration: Should procainamide therapy be continued for any 
appreciable period, electrocardiograms should be made occasionally 
to determine its further need. 


Precautions: Evidence of untoward myocardial response should be care- 
“fully watched for in all patients. In the presence of myocardial damage 
- With atrial fibrillation or flutter, the ventricular rate may increase sud- 
-denly as the atrial rate is slowed; adequate digitalization reduces but 
does not abolish this danger. Ventricular tachysystole is particularly 
"hazardous if myocardial damage exists. 

ig The dislodgement of mural thrombi producing an embolic episode 
.Imay occur in correcting atrial fibrillation due to the forceful contractions 
“of the atrium. 

Extreme caution is required in attempting to adjust the heart rate 
ES ventricular tachycardia has occurred during an occlusive coro- 
lary episode or where the use of procainamide may result in additional 
depression of conduction and ventricular asystole or fibrillation as in 
second degree and third degree A-V block, bundle branch block, or severe 
‘digitalis intoxication. 

Ry Bear in mind when treating ventricular arrhythmias in patients with 
perve organic heart disease and ventricular tachycardia that complete 





“heart block, which may be difficult to diagnose, may be present. Since 
-asystole may result if the ventricular rate is significantly slowed without 
attainment of regular atrioventricular conduction, procainamide should 
us Stopped and the patient re-evaluated. 


PRONESTYL? INJECTION 
(Procainamide Hydrochloride Injection U.S.P.) 


Description: Pronestyl Injection (Procainamide Hydrochloride Injection 
-U.S.P.) is a sterile aqueous solution providing 100 mg. or 500 mg. pro- 
“cainamide hydrochloride per ml. The 100 mg./ml. potency contains 
0. 9% (w/v) benzyl alcohol and 0.09% sodium bisulfite as preservatives. 
The 500 mg./ml. potency contains 0.1% methylparaben and not more 
than 0.2% sodium bisulfite as preservatives. 


Contraindications: In patients with myasthenia gravis and where a hy- 
 persensitivity to procainamide exists; cross sensitivity to procaine and 
related drugs must be borne in mind. Should not be given to patients 
with complete atrioventricular heart block. Contraindicated in cases of 
‘high-degree A-V block unless an electrical pacemaker is operative. 


‘Precautions: Evidence of untoward myocardial response should be 
carefully watched for in all patients. In the presence of myocardial 
damage, procainamide may produce untoward responses. In atrial fi- 
brillation or flutter, the ventricular rate may increase suddenly as the 
atrial rate is slowed; adequate digitalization reduces but does not 
‘abolish this danger. If myocardial damage exists, ventricular tachysystole 
is particularly hazardous. The dislodgement of mural thrombi producing 
an embolic episode may occur in correcting atrial fibrillation due to the 
forceful contractions of the atrium. 

Extreme caution is required in attempting to adjust the heart rate 
doter ventricular tachycardia has occurred during an occlusive coronary 
episode or where the use of procainamide may result in additional de- 
pression of conduction and ventricular asystole or fibrillation as in A-V 
block, bundle branch block, or severe digitalis intoxication. 

— Parenteral administration should be monitored electrocardiographi- 
cally whenever practicable. Parenteral administration should be discon- 
tinued at once if electrocardiograms give evidence of impending heart 
‘block. This complication should be kept in mind when treating ventric- 
-ular arrhythmias (especially parenterally) in patients with severe organic 
heart disease and ventricular tachycardia who may also have complete 
heart block. Since asystole may result if the ventricular rate is signifi- 
‘cantly slowed without attainment of regular atrioventricular conduction, 
“procainamide should be stopped and the patient re-evaluated. 

_ In the presence of both liver and kidney damage, normal dosage may 
‘produce symptoms of overdosage—principally ventricular tachycardia 
and severe hypotension. 

- A syndrome resembling lupus erythematosus has been reported with 
“maintenance procainamide therapy. Common symptoms are polyarth- 
ralgia, arthritis and pleuritic pain. Fever, myalgia, skin lesions, pleural 
effusion and pericarditis may also occur. Rare cases of thrombocytopenia 


^ - y 4 'X 
` : T 4 s i £4 7 
ia £o la! dac, «ee - Tr LE & ai not ARS S ou Saal 


an ZEITUNG 





AM ine presence Or Doin liver ang Kigney gamage dO 
pede’ symptoms of overdosage—principally ventricular E 
and severe hypotension. 

A syndrome resembling lupus erythematosus has been opõe with 
maintenance procainamide therapy. Common symptoms are polyarth- 
ralgia, arthritis and pleuritic pain. Fever, myalgia, skin lesions, pleural 
effusion and pericarditis may also occur. Rare cases of thrombocyto- 
penia or Coombs-positive hemolytic anemia, possibly related to this 
syndrome, have been reported. Measure anti-nuclear antibody titers at 
regular intervals in patients on procainamide for extended periods of 
time or in whom symptoms suggestive of lupus-like reaction appear; in 
event of rising titer (anti-nuclear antibody) or clinical symptoms of LE, 
assess the benefit/risk ratio related to continued procainamide therapy 
(see boxed Warning). Steroid therapy may be effective if discontinuation 
of procainamide does not cause remission of symptoms. If the syndrome 
develops in a patient with recurrent life-threatening arrhythmias not 
otherwise controllable, steroid-suppressive therapy may be used con- 
comitantly with procainamide. 

Adverse Reactions: Hypotension is rare with oral administration. Seri- 
ous disturbances of cardiac rhythm such as ventricular asystole or fi- 
brillation are more common with I.V. administration. 

Large oral doses may sometimes produce anorexia, nausea, urticaria, 
and/or pruritus. 

A syndrome resembling lupus erythematosus has been reported (see 
Precautions). Reactions consisting of fever and chills have been re- 
ported, including a case with nausea, vomiting, abdominal pain, acute 
hepatomegaly, and a rise in serum glutamic oxaloacetic transaminase 
following single cGoses of the drug. Agranulocytosis has been occasion- 
ally reported following repeated use of the drug, and deaths have oc- 
curred. Therefore. routine blood counts are advisable during maintenance 
procainamide therapy; and the patient should be instructed to report any 
soreness of the mouth, throat, or gums, unexplained fever or any symp- 
toms of upper respiratory tract infection. If any of these symptoms should 
occur and leukocyte counts indicate cellular depression, procainamide 
therapy should be discontinued and appropriate treatment should be 
instituted immediately. Bitter taste, diarrhea, weakness, mental depres- 
sion, giddiness, psychosis with hallucinations, and hypersensitivity 
reactions such as angioneurotic edema and maculopapular rash have 
been reported. 

The package insert should be read carefully to become familiar with 
the recommended dosage for the indicated conditions and for full pre- 
scribing information. 

How Supplied: Pronesty! Tablets (Procainamide Hydrochloride Tablets) 
providing 250 mg., 375 mg., and 500 mg. are available in bottles of 100. 


or Coombs-positive hemolytic anemia, possibly related to this syndrome, 
have been reported. Measure anti-nuclear antibody titers at regular in- 
lervals in patients on procainamide for extended periods of time or in 
whom symptoms suggestive of lupus-like reaction appear; discontinue 
drug in event of rising titer or clinical symptoms of LE. Steroid therapy 
may be effective if discontinuation of procainamide does not cause 
remission of symptoms. If the syndrome develops in a patient with re- 
current life-threatening arrhythmias not otherwise controllable, steroid- 
suppressive therapy may be used concomitantly with procainamide. 


Adverse Reactions: Because procainamide is a peripheral vasodilator, 
I.V. administration may produce transient but at times severe hypotension 
particularly in conscious patients. I.M. injection is less likely to cause 
serious falls in blood pressure. Serious disturbances of cardiac rhythm 
such as ventricular asystole or fibrillation are also more common with 
I.V. administration. 

A syndrome resembling lupus erythematosus has been reported. Re- 
actions consisting of fever and chills including a case with fever and 
chills plus nausea, vomiting, abdominal pain, acute hepatomegaly, and 
a rise in SGOT following single doses of the drug have been reported. 
Bitter taste, diarrhea, weakness, mental depression, giddiness, psychosis 
with hallucinations, hypersensitivity reactions such as angioneurotic 
edema and maculopapular rash have been reported. Agranulocytosis 
has been occasionally reported following repeated use of the drug, and 
deaths have occurred; therefore, routine blood counts are advisable 
during maintenance therapy. If soreness of mouth, throat or gums, un- 
explained fever or any symptoms of upper respiratory tract infection 
should occur and leukocyte counts indicate cellular depression, procain- 
amide therapy should be discontinued and appropriate treatment should 
be instituted immediately. 


Administration: Oral administration is preferred. When parenteral ther- 
apy is necessary, intramuscular administration is the method of choice. 
Intravenous use should be limited to extreme emergencies, the drug 
should be administered as a dilute infusion, and the patient should be 
monitored electrocardiographically. The intravenous dose should not ex- 
ceed 1 gram. Administer at a rate not exceeding 25 to 50 mg. per minute. 

Should procainamide therapy be continued for any appreciable period, 
electrocardiograms should be made occasionally to determine its fur- 
ther need. 

The package insert should be read carefully to become familiar with 
the recommended dosage for the indicated conditions. 


How Supplied: Pronestyl Injection (Procainamide Hydrochloride Injec- 
tion U.S.P.) is available in 10 ml. vials providing 100 mg./ml. and in 
2 ml. vials providing 500 mg./ml. ©1974 E. R. SQUIBB & SONS, INC. 444-009 


For your medical library . . . 


Symposiums reprinted from 


THE AMERICAN JOURNAL OF CARDIOLOGY 


Symposium on: 


Electrophysiologic Correlates of Clinical 
Arrhythmias (1972) 


Guest Editor: Charles Fisch, M.D. 


Pre-Hospital Phase of Acute Myocardial 
Infarction (1969) 


Guest Editors: Sidney Goldstein, M.D. 
Arthur J. Moss, M.D. 


Human Heart Transplantation (1968) 


Guest Editors: Adrian Kantrowitz, M.D. 
Jordan D. Haller, M.D. 


Cardiac Tumors (1968) 
Guest Editor: John F. Goodwin, M.D. 


Coronary Care Units (1967) 


Guest Editors: Bernard Lown, M.D. 
John P. Shitlingford, M.D. 


Please tear off and mail. 


AJC-7 

THE AMERICAN JOURNAL OF CARDIOLOGY 
P. O. Box 1172 
Radio City Station 
New York, N.Y. 10019 
Send me the following symposium reprints: 
O Electrophysiologic Correlates of 

Clinical Arrhythmias ........... $8.00 
O Pre-Hospital Phase of Acute 

Myocardial Infarction........... $6.00 
t) Human Heart Transplantation . $6.00 
CT Cardiac Tumors... ovo ELE Ta $6.00 
O Coronary Care Units ........... $6.00 
Enclosed is my check for $ 
Name 
Address 
City State Zip 


(Please add appropriate sales tax if in New York State and 
New York City) 
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slippers to shoes 


chewable 


ardilate 


(erythrity| 
fekteaibrate) 


increases exercise 
tolerance for your 
angina patient 


Rx: chewable tablets 10 mg tid or qid (prn) 


An effect appears in approximately 5 minutes 
—total duration of effect up to 4 hours. 


For use in the prophylaxis and long-term treat- 
ment of patients with frequent or recurrent 
anginal pain and reduced exercise tolerance 
associated with angina pectoris. 


Precautions: As with other effective nitrites, some fall in blood 
pressure may occur with large doses. Caution should be 
observed in administering the drug to patients with a history 
of recent cerebral hemorrhage, because of the vasodilation 
which occurs in the area. Although therapy permits more 
normal activity, the patient should not be allowed to 
misinterpret freedom from anginal attacks as a signal to 
drop all restrictions. 


Side Effects: No serious side effects have been reported. 

As with nitroglycerin or other effective nitrites, temporary 
vascular headache may occur during the first few days of 
therapy. This can be controlled by temporary dosage reduction 
in order to allow adjustment of the cerebral hemodynamics 

to the initial marked cerebral vasodilation. These headaches 
usually disappear within one week of continuous therapy but 
may be minimized by the administration of analgesics. 

Mild gastrointestinal disturbances occur occasionally with 
larger doses and may be controlled by reducing the dose 
temporarily. 

Complete literature available on request from Professional 


Services Dept. PML. 
Mx Burroughs Wellcome Co. 
Research Triangle Park 
Wellcome 


North Carolina 27709 
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WAX: WHAT IT DID 

FOR THE 

HONE YCOMB 

IT NOW DOES FOR 
POTASSIUM CHLORIDE. 


WARREN-TEED ANNOUNCES 


(potassium chloride) 


— Potassium chloride imbedded in a wax matrix 

to provide controlled release, thus minimizing possible 
high local concentration of potassium ion near the 
bowel wall. The newest idea in potassium 

chloride supplements is as old as the beehive. 

Wax... provides an effective vehicle to imbed KCI 
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(potassium chloride) 

prolong the release of KCI fo minimize 

the likelihood of producing high localized 
concentrations of potassium within the G.I. tract... 


K 
New Kaon-CL Tabs” W 


m protect your patient from the risk of hypoka- 
lemia or digitalis intoxication due to potassium 
depletion that diet alone cannot correct... 


m promote adherence to medication schedule 
by relieving the patient of the inconvenience 
of liquids... 


Three-way convenience 
for your patients on KCI Supplements... 


m because there's no palatability problem 
a because there's no dilution problem 


æ because tablets are physically easier to 
carry—and to take—than liquids... 
an especially welcome advantage 
away from home—encouraging adherence 


A 
“J The controlled release 


\ KCI Tablet that protects your 


patients on diuretics or digitalis 


m against hypokalemia due to potassium depletion 
that cannot be adequately replaced by diet alone 


m against the inconvenience of —and often 
confusion over— dilution of liquid supplements 


m from taste-fatigue associated with liquids 


Dosage: Prophylactic: 20 mEq. daily (1 tab T.I.D.) 
Therapeutic: 40-100 mEq. daily 
See following page for brief summary. 


PHARMACEUTICALS INCORPORATED 
SUBSIDIARY OF ROHM AND HAAS COMPANY 
- “= O H D a 21725 
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CONTROLLED RELEASE TABLETS 


Description: Kaon-CL Tabs is a sugar coated (not enteric-coated) 
tablet containing 500 mg. potassium chloride (equivalent to 6.67 
mEq. potassium chloride) in a wax matrix. This formulation is in- 
tended to provide a controlled release of potassium from the matrix 
to minimize the likelihood of producing high localized concentra- 
tions of potassium within the gastrointestinal tract. 

Indications: Kaon-CL Tabs is indicated for the treatment of potas- 
sium depletion in patients with hypokalemia and metabolic alkalo- 
sis, and for the treatment of digitalis intoxication. During therapy 
serum potassium levels should be monitored and the dosage ti- 
trated to achieve the desired clinical and laboratory effects. 
Kaon-CL Tabs is also indicated for the prevention of potassium de- 
pletion when the dietary intake of potassium is inadequate for this 
purpose. The prophylactic administration of potassium ion may be 
indicated in patients receiving digitalis and diuretics for the treat- 
ment of congestive heart failure, hepatic cirrhosis with ascites, 
patients with hypertension on long-term diuretic therapy, hyperal- 
dosteronism states with normal renal function, the nephrotic syn- 
drome, and certain diarrheal states. 

Contraindications: Potassium supplements are contraindicated in 
patients with hyperkalemia since a further increase in serum potas- 
sium concentration in such patients can produce cardiac arrest. 
Hyperkalemia may complicate any of the following conditions: 
Chronic renal failure, systemic acidosis such as diabetic acidosis, 
acute dehydration, extensive tissue breakdown as in severe burns, 
adrenal insufficiency, or the administration of a potassium-sparing 
diuretic (e.g., spironolactone, triamterene). 

Wax-matrix potassium chloride preparations have produced 

esophageal ulceration in certain cardiac patients with esophageal 
compression due to enlarged left atrium. Potassium supplementa- 
tion, when indicated in such patients, should be with a liquid 
preparation. 
Warnings: In patients with impaired mechanisms for excreting po- 
tassium, the administration of potassium salts can produce hyper- 
kalemia and cardiac arrest. This occurs most commonly in patients 
given potassium by the intravenous route but may also occur in 
patients given potassium orally. Potentially fatal hyperkalemia can 
develop rapidly and be asymptomatic. The use of potassium salts 
in patients with chronic renal disease, or any other condition which 
impairs potassium excretion, requires particularly careful monitoring 
of the serum potassium concentration and appropriate dosage 
adjustment. 

Hypokalemia should not be treated by the concomitant adminis- 
tration of potassium salts and a potassium-sparing diuretic (e.g., 
spironolactone or triamterene) since the simultaneous administra- 
tion of these gents can produce severe hyperkalemia. 

Potassium chloride tablets have produced stenotic and/or ulcera- 
tive lesions of the small bowel and deaths. These lesions are 
caused by a high localized concentration of potassium ion in the 
region of a rapidly dissolving tablet, which injures the bowel wall 
and thereby produces obstruction, hemorrhage, or perforation. 
Kaon-CL Tabs (potassium chloride) is a wax-matrix tablet formu- 
lated to provide a controlled rate of release of potassium chloride 
and thus to minimize the possibility'of a high local concentration of 
potassium ion near the bowel wall. While the reported frequency of 
small bowel lesions is much less with wax-matrix tablets (less than 
one per 100,000 patient-years) than with enteric coated potassium 
chloride tablets (40-50 per 100,000 patient-years), a few cases asso- 
ciated with wax-matrix tablets have been reported. These data are 
from foreign marketing experience. Kaon-CL Tabs should be discon- 
tinued immediately and the possibility of bowel obstruction or per- 
foration considered if severe vomiting, abdominal pain, distention, 
or gastrointestinal bleeding occurs. 

Hypokalemia in patients with metabolic acidosis should be treated 
with an alkalinizing potassium salt such as potassium bicarbonate, 
potassium citrate, potassium acetate, or potassium gluconate. 
Precautions: The diagnosis of potassium depletion is ordinarily 
made by demonstrating hypokalemia in a patient with a clinical 
history suggesting some cause for potassium depletion. In inter- 
preting the serum potassium level, the physician should bear in 
mind that acute alkalosis per se can produce hypokalemia, in the 
absence of a deficit in total body potassium, while acute acidosis 
per se can increase the serum potassium concentration into the 
normal range even in the presence of a reduced total body potas- 
sium. The treatment of potassium depletion, particularly in the 
presence of cardiac disease, renal disease, or acidosis, requires 
careful attention to acid-base balance and appropriate monitoring 
of serum electrolytes, the electrocardiogram, and the clinical sta- 
tus of the patient. | 
Adverse Reactions: The most common adverse reactions to oral 
potassium salts are nausea, vomiting, abdominal discomfort and 
diarrhea. These symptoms are due to irritation of the gastrointesti- 
nal tract and are best managed by diluting the preparation further, 
taking the dose with meals, or reducing the dose. 

The most severe adverse effects are hyperkalemia (see Contrain- 
dications, Warnings and Overdosage) and gastrointestinal obstruc- 
tion, bleeding or perforation (see Warnings), 

Overdosage: The administration of oral potassium salts to persons 
with normal excretory mechanisms for potassium rarely causes seri- 
ous hyperkalemia. However, if excretory mechanisms are impaired 
or if potassium is administered too rapidly intravenously, poten- 
tially fatal hyperkalemia can result (see Contraindications and 
Warnings). It is important to recognize that hyperkalemia is usually 
asymptomatic and may be manifested only by an increased serum 
potassium concentration and characteristic electrocardiographic 
changes (peaking of T-waves, loss of P-wave, depression of S-T 
segment, and prolongation of the QT interval). Late manifestations 
include muscle-paralysis and cardiovascular collapse from cardiac 
arrest. 

Dosage and Administration: Dosage must be adjusted to the indi- 
vidual needs of each patient but is typically in the range of 20 mEq. 
per day for the prevention of hypokalemia to 40-100 mEq. per day or 
more for the treatment of potassium depletion. 

One Kaon-CL Tabs three times daily provides 20 mEq. of potas- 
sium chloride. Two Kaon-CL Tabs three times daily provides 40 
mEq. of potassium chloride. 

Caution: Federal law prohibits dispensing without prescription. 


WARREN-TEEDgS' 


PHARMACEUTICALS INCORPORATED BI. 
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WANT FASTER SERVICE? 


If you... Change your Address? 


... Need Information? 
ATTACH YOUR PRESENT ADDRESS LABEL BELOW 


AFFIX LABEL 


If you have a new address please print it 
below. You MUST include your ZIP code. Post 
Office rules will not permit us to send your 
magazine to you without it. 


NAME 





FRE te en ATE -n i PE 9 RO 


COMPANY 





ADDRESS” 1.5 ee ee 


ON Lc STATE ee Pe Se 


Clip this entire form and attach it to any other 
correspondence you may have for us and mail 
ton". 


American Journal of Cardiology 
Dun-Donnelley Publishing Corporation 


Yorke Medical Journals 
Circulation Department 


666 Fifth Avenue, New York, N.Y. 10019 
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lolter Monitoring/Scanning-Stress Testing-Resting ECG 


ie Medcraft CDC 70 is the most versatile cardiac diag- 
istic instrument available. It performs all basic ECG 
agnostic procedures, including Holter monitoring/ 
anning and stress testing functions required in your 
ice, clinic and hospital. Innovative design and solid 
ite circuitry give you the most economical, flexible sys- 
n for monitoring and diagnosing cardiac abnormalities. 


; a Holter Monitor/Scanner the CDC 70 is clinically 
oven to be useful in the detection of intermittent ar- 
ythmic and ischemic heart conditions, evaluations of 
cemaker functions, identification of ectopic beats and 
therapeutic and investigative drug studies. Maximal 
d sub-maximal stress testing, post coronary and post 
rgical physical rehabilitation programs provide addi- 
nal application for total system utilization. 


- A REMINDER: Now is the time to take advantage of our free Medcraft Holter 
Recorder with the purchase or lease of a CDC 70 System before July 31, 1975. 


Medcraft is a registered trademark of Hittman Corp. 


Versatility of the CDC 70 System is further demonstrated 
by its capability to run a full 12-lead resting ECG in addi- 
tion to such specialized applications as a telemetry 
monitor, a bedside patient monitor and universal com- 
patibility to interface with existing computer technology. 
The Medcraft CDC 70 can be purchased or leased with 
convenient terms and is covered by a one year warranty 
on materials and workmanship. Sales and service are 
available from a nationwide network fo factory trained 
representatives. 

Interested in an on-site demonstration or detailed infor- 
mation? 

Please call direct or write......................... 


HUTMON ~- 
Medcraft 


Box 542 
Skippack, Pennsylvania 19474 


(215) 584-6825 





Since most people use just one cine film 
why is Ilford making three? 





Simple. To give you the 
chance to choose the one 
that gives you films that look 
exactly right to your eyes. 
We've found that 
a lot of you aren’t really 
happy with the film you’re 
using. Maybe you just don’t 
447 know there’s something better. 
» Some of you seem to think the 
BN hv grainy pictures you re gettina are the 
fault of your screen. Chances are, it's the fault of the film. 
You re dealing with the world's most important subject: the heart. 
If you can improve those films, isn't it worth a little time and thought 
on your part? 3 
The three new Ilford films for cineradiography are: Ilford 
Cinegram F —A film with exceptionally fine grain emulsion that produces 
the ultimate in image detail, gradation and resolution. Its image recording 
capability exceeds that of any currently available image intensifying 
system. Ilford Cinegram C—A film designed to give higher contrast and 
a brilliant image while maintaining exceptionally fine grain. And Ilford 
Cinegram 5 —A film with an emulsion formulated to produce excellent 
detail, contrast and resolution on systems that require a high speed film. 
All Ilford Cinegram films are made to be used and processed 
on the equipment you're now using. For more details, talk to your Ilford 
Man or write: Cine Services Department, Ilford Inc., 70 West Century 
Road, Paramus, New Jersey 07652. A Ciba-Geiay Co. 


Ask your Ilford Man about his new heart films. ` 


IN ANGINA: ACTS WITH SUBLINGUAL SPEED 


























SUMMARY OF 
PRESCRIBING INFORMATION 
Mode of action: The mechanism of action 
of SORBITRATE (isosorbide dinitrate) is 
unknown, although the basic pharma- 
cologic action is to relax smooth muscle. 
Isosorbide dinitrate reduces in number and 
severity the incidence of angina pectoris 
attacks, with concomitant reduction in nitro- 
glycerin intake 





Indications: Based on a review of this drug 
by The National Academy of Sciences— 
National Research Council and/or other in- 
formation, FDA has classified the indications 
as follows: 
“Probably” effective: Sublingual and chewable 
dosage forms of SORBITRATE are indicated for the 
treatment of acute anginal attacks and for prophy- 
laxis in situations likely to provoke such attacks. 
Final classification of the less-than-effective indica- 
tions requires further investigation 












Contraindications: A history of sensitivity to the drug. 
Warnings: Data supporting the use of nitrates during the 
early days of the acute phase of myocardial infarction 
are insufficient to establish safety. Phenobarbital may be 
habit forming. 
Precautions: Should be used with caution in patients 
who have glaucoma. Tolerance and cross tolerance to 
other nitrates may occur. 
Adverse Reactions: Headache which may be severe and 
persistent. Lowering the dose and using analgesics will 
help control the headaches which usually diminish or 
disappear as therapy is continued 

Adverse reactions seen occasionally: Cutaneous vaso- 
dilation with flushing; transient dizziness and weakness 
as well as other signs of cerebral ischemia associated 
with postural hypotension; individual marked sensitivity 
to the hypotensive effects of nitrates wherein severe 
responses can occur even with the usual therapeutic 
dose (alcohol may enhance this effect); drug rash and/ 


C H EWA B LE or exfoliative dermatitis. 

(R) This drug can act as a physiological antagonist to 
norepinephrine, acetylcholine, histamine and other 
agents. 

Dosage and Administration: Route: Sublingual, oral and 
e chewable tablets 


Individual Dose: To minimize hypotensive responses, 


which may occasionally be severe with chewable doses 
as low as 5 mg., the smallest effective dose should be 
employed. Chewable tablets are generally given in doses 


of 5 mg Sue eei Or prey 5 » 10 mo. e the ranga 
| It t 
PeqUony DEMANIO. «1. eran ae ae 
. ^ Dosage Schedule: Smallest effective dose necessary 
As with sublingual ISDN: tor We Ergon and Lean o uu. 
attack. Sublingua rN. 
in2mi | pra Ee rp aL are 
4 
acts I1 2 IN utes for therapeutic Use. ee in io remeron reliól of anginal pain Sor 4 imes daily. 
. Alth h th t and durati f t 
acts Up tO 2 hou rs for prophylaxis nitrates Hbc vari Toltewim eve ‘tie Sonn prosunt 
" ranges of these values for SORBITRATE: 
Onset of Effect Sublingual and Chewable: 2 to 5 
i i fig get ES die Mee t don T o 
TM tion of Effect: Sublingual an ewable: 1 to 
n addition: hours. Oral: Estimated to be 4 to 6 hours. 
a IO < "tis tacormmended that the o AR be taken on 


" : : an empty stomach. 
chewing action helps distribute F3 sre eranmaceuncas 
nitrate over a larger mucosal area. 


Division of ICI United States Inc. 
Wilmington, Delaware 19897 
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Laragh's 
HYPERTENSIO 
MANUA 







LI | 
MS The most definitive work 
on the subject to date. 





The complete table of contents 
speaks for itself and is all 
the promotion that is needed. 


Dr. Laragh's Hyperten- Full paymt nclosed. | ase bill me ntern, Resident, Studen 
sion Manual will undoubt- ! (Special Price $35.00) 
edly become the standard | TAKE 
reference work in Hyper- à oM. ee a a ^ 
tension. Use the attached 

form to place your order. 

This is the first in a series 

of Yorke Medical Books— 

from the publishers of | ADDRESS 

The American Journal of 

Cardiology, The Ameri- CITY 2^ - .SSTATE e Ne, ZIP. 
can Journal of Medicine, ae Tj SENA ee ! 3 
The American Journal of j Fius appropriate oales lax il in New York State B 
Surgery, and Cutis. ` 


PART |. CLINICAL AND EPIDEMIOLOGIC CHARACTERISTICS 


@ Hypertension. Definitions, Natural Histories and 
Consequences 
Sir George Pickering 


E Age, Race, Sex and Other Indices of Risk in Hypertension 
Edward D. Freis 


lll High Blood Pressure, Other Risk Factors and Longevity: 
The Insurance Viewpoint 
Edward A. Lew 


E Renin as a Risk Factor in Essential Hypertension: 
More Evidence 
Hans R. Brunner, Jean E. Sealey and John H. Laragh 


ll Searching Out Low Renin Patients: Limitations of Some 
Commonly Used Methods 
Jean E. Sealey and John H. Laragh 


PART Il. MECHANISMS 


@ Arterial Pressure Regulation. Overriding Dominance of 
the Kidneys in Long-Term Regulation and in Hypertension 
Arthur C. Guyton, Thomas G. Coleman, 
Allen W. Cowley, Jr., Konrad W. Scheel, 
R. Davis Manning, Jr. and Roger A. Norman, Jr. 


E A Viewpoint Concerning the Enigma of Hypertension 
Louis Tobian, Jr. 


B The Control of Renin Release 
James O. Davis 


E The Control of Aldosterone Secretion in Normal and 
Hypertensive Man: Abnormal Renin-Aldosterone Patterns 
in Low Renin Hypertension 

John H. Laragh, Jean E. Sealey and Hans R. Brunner 
ii Physiologic Characteristics of Hypertension 

Harriet P. Dustan, Robert C. Tarazi and 

Emmanuel! L. Bravo 


@ Blood Pressure and Cardiac Performance 
Jay N. Cohn 


ll Neurogenic Factors in Human Hypertension: Mechanism 
or Myth? 
Vincent DeQuattro and Yukio Miura 
E The Renin-Angiotensin-Aldosterone System in Pathogenesis 
and Management of Hypertensive Vascular Diseases 
John H. Laragh, Leslie Baer, Hans R. Brunner, 
Fritz R. Bühler, Jean E. Sealey and 
E. Darracott Vaughan, Jr. 


B Plasma Aldosterone-Renin Interrelationships in Various 
Forms of Essential Hypertension. Studies Using a Rapid 
Assay of Plasma Aldosterone 
Fritz R. Bühler, John H. Laragh, Jean E. Sealey and 
Hans R. Brunner 


ll Renin, Angiotensin and Hypertensive Vascular Damage: 
A Review 
Jorn Giese 
ii Diabetes and Hypertensive Vascular Disease: Mechanisms 
and Treatment 
A. Richard Christlieb 
E Toxemia of Pregnancy: Mechanism and Therapeutic 
Management 
Leon Speroff 
Bl Adrenal Mineralocorticoid Hormones Causing Hypertension 
E. G. Biglieri, J. R. Stockigt and M. Schambelan 


ll Hypertension in Chronic Renal Failure. An Abnormal 
Relation Between Sodium and the Renin-Angiotensin System 
M. A. Schalekamp, D. G. Beevers, J. D. Briggs, 
J. J. Brown, D. L. Davies, R. Fraser, M. Lebel, 
A. F. Lever, A. Medina, J. J. Morton, 
J. I. S. Robertson and M. Tree 


li Renovascular Hypertension. Mechanisms, Natural History 
and Treatment 
James C. Hunt and Cameron G. Strong 


E The Physiology of Renin Secretion in Essential Hypertension. 
Estimation of Renin Secretion Rate and Renal Plasma Flow 


from Peripheral and Renal Vein Renin Levels 
Jean E. Sealey, Fritz R. Bühler, John H. Laragh and 
E. Darracott Vaughan, Jr. 


lil Renovascular Hypertension: Renin Measurements to Indicate 
Hypersecretion and Contralateral Suppression, Estimate Renal 
Plasma Flow and Score for Surgical Curability 

E. D. Vaughan, Jr., F. R. Bühler, J. H. Laragh, 

J. E. Sealey, L. Baer and R. H. Bard 


PART Ill. METHODS 
E An Evaluation of Measurement Performance of Selected 
Blood Pressure Devices 

Darwin R. Labarthe, C. Morton Hawkins and 

Richard D. Remington 


ll Assay of Plasma Catecholamines. An Approach to Evaluating 
Altered Sympathetic Activity in Essential Hypertension 
Karl Engelman 


E The Measurement of Plasma Renin Activity in Man 
Jean E. Sealey, John H. Laragh, Joan Gerten-Banes 
and Rose M. Aceto 


ll Measurement of Urinary Aldosterone Excretion in Man 
Jean E. Sealey and John H. Laragh 


ll Radioimmunoassay of Plasma Aldosterone 
Fritz R. Bühler, Jean E. Sealey and John H. Laragh 


PART IV. MANAGEMENT 


@ Evaluation and Care of the Hypertensive Patient 
John H. Laragh 


ll Standards for the Quality Care of Hypertensive Patients 
in Office and Hospital Practice 

Carlos R. Ayers, Arthur R. Slaughter, 

Harvey D. Smallwood, Frank E. Taylor and 

Richard E. Weitzman 


@ Hypertension—A Community Problem 
Joseph A. Wilber and J. Gordon Barrow 

E The Treatment of Hypertension. Why, When and How 
Edward D. Freis 


ll Correlation of Pathophysiology and Pharmacotherapy in 
Primary Hypertension 
Jan Koch-Weser 


ll Management of Severe Hypertension 
Priscilla Kincaid-Smith 

m Hypertensive Emergencies 
Frank A. Finnerty, Jr. 


PART V. RENIN SYSTEM IN TREATMENT STRATEGY 


li Vasoconstriction-Volume Analysis for Understanding and 
Treating Hypertension. The Use of Renin and Aldosterone 
Profiles 

John H. Laragh 


E The Volume Factor in Low and Normal Renin Essential 
Hypertension. Its Treatment with Either Spironolactone or 
Chlorthalidone 

E. Darracott Vaughan, Jr., John H. Laragh, 

Irene Gavras, Fritz R. Bühler, Haralambos Gavras, 

Hans R. Brunner and Leslie Baer 


E The Antihypertensive Action of Propranolol. Specific 
Antirenin Responses in High and Normal Renin Forms of 
Essential, Renal, Renovascular and Malignant Hypertension 

Fritz R. Bühler, John H. Laragh, 

E. Darracott Vaughan, Jr., Hans R. Brunner, 

Haralambos Gavras and Leslie Baer 


PART VI. APPENDIX 


E Antihypertensive Drug Therapy 
@ Moderate Low Sodium Diet 
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EDAIASCOPBIM/D2 SY 
THE FIRST RESCUE 

SYSTEM AS FLEXIBLE AS THE 

PEOPLE WHO USE IT. 





If there’s one thing you can 
be sure of in cardiac rescue, it’s 
that you can't be sure of anything. 

Every situation, either in the 
hospital or in the field, presents 
new problems, and requires new 
solutions. 

At Datascope, we ve been in 
emergency medicine since its 
inception. 

Our equipment has faced just 
about everything. And from that 
experience we ve put together a 
system that's prepared to face 
anything: the M/D2 System. 

The M/D2 System is built on 
one very simple principle. Every 
instrument in the system must be 
independent and not compro- 
mised by any other instrument. 

In keeping with this philoso- 
phy, our monitor, our defibrillator 
and our strip-chart recorder each 
have a separate battery source. 
One unit never puts a drain on 
another. 

But to see its flexibility, let's 
take our system apart, instrument 
by instrument. 


OUR MONITOR. 


The monitor in the M/D2 
System nests inside the defibril- 
lator. You can carry the monitor 
and defibrillator, use it, and store 
it as one unit. 

But the monitor pulls out'of 
the M/D2 case and works as a 
separate unit as well. So it can be 
placedright ona patient's stretcher 
in the field. Or put in the most 
advantageous viewing position at 
the bedside. 
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In addition to being so flex- 
ible, our monitor outperforms any 
monitor in emergency medicine. 

It has a 5-inch scope with a 
8 x 11 cm. viewing area. 





It has a memory which pro- 
vides a bright, non-fade display 
that's remarkably clear even in 
strong sunlight. 

It has a freeze button which 
lets you stop the ECG for closer 
study. 

Its the only emergency moni- 
tor with a digital heart rate read- 
out. And because the readout is 
an LED display, you can even read 
it in the dark. 


OUR DEFIBRILLATOR. 


Like our monitor, our defib- 
rillator has its own battery-pack. 

Itstheonly defibrillator made 
that gives you a digital energy 
meter. Which displays both stored 
energy and the results of delivered 
energy tests. 


The defibrillator is exception- 
ally safe. A warning tone sounds 
when the selected energy level is 
reached. 

Energy cannot be delivered 
unless the push-button switch 
on each paddle is actuated 
simultaneously. 

The energy within the defib- 
rillatorisautomatically discharged 
when the unit is turned off. 





For paramedic use, the M/D2 
is available completely shielded | 
against RF interference across 
the entire communications band. 


OUR RECORDER. 


Our recorder is flexible as 
well. Its carried separately and : 
powered separately. (For good 
reason. A recorder powered by a 
common battery puts anenormous 
drain on the other instruments in 
the system.) 

Our recorder weights only 11 
pounds. And when you're using 
our monitor outside the M/D2 
case, our recorder fits right into 
the space the monitor vacated. — 
Whichallowseveneasiertransport 


OUR RAPID CHARGER. 


Although the M/D2 comes 
with a standard battery recharger. 
we offer the first rapid recharging 
unit as part of our system. Our 
Rapid Charger allows you to de- 
fibrillate with just 60 seconds of 
recharge. And in just 10 minutes 
it will recharge the defibrillator tc 
at least 6076 of total capacity. 


THE SYSTEM.IT'S MORE 
THAN ANY OFITS PARTS. 


Three independent units. 
Three independent battery-packs 
And a Rapid Charger. They work 
together, or apart. They give you 
more ability to react than any 
single unit ever could. 

For more information on the 
M/D2 System, write: Datascope 
Corp., 580 Winters Avenue, 
Paramus, N.J. 07652. 


THE DATASCOPE 
M/D2 
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MEC ARR SS Re Fee 


for clinical 
applications 





e Designed for clinical O.R. 
or cath lab use 


€ Easily applied handle- 
type probe 


€ Patient safety assured 
through isolation circuitry 


€ Simple to operate - 
minimum controls - direct 
meter readout in milliliters 
per minute 


for 
clinical 
applications 





€ Convenient, handle-ty pe 
probe with positive 
capture slide 


€ Designed for O.R. and 
cath lab use 


€ For rapid analysis of 
flow through exposed 
blood vessels 


€ Use with Biotronex 
clinical blood flowmeter 


for 


bypass 
applications 





€ Use with heart-lung 
machine, artificial kidney 
or similar systems 


€ iron core construction 
provides high sensitivity 
and accuracy 


€ Operates with BLI 
research and clinical 
blood flowmeters 


€ Available in sizes to fit 
most tubing 
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Physiological 
Adaptation 


to the Environment 
F. J. Vernberg, Editor 


Admirably fulfills the need for a definitive review 
of recently acquired information on the mecha- 
nisms of physiological adaptation as they relate 
to molecular, organismic, and ecosystem levels 
of biological organization. This carefully edited 
treatise is based on the several sessions of the 
symposium on adaptive behavior held before 
standing-room-only audiences at the AIBS meet- 
ings at the University of Massachusetts in June 
of 1973. Many of the 40 participants would not 


. normally have contact with each other, and the 


sections of the symposium were planned by 
representative of 16 societies and research sta- 
tions. 

This volume, which should provide many use- 
ful insights and guides to future research, is 
comprised of six sections. Section | deals with 
the general nature of physiological adaptation. 
Sections Il-IV cover organisms in desert, polar- 
alpine, and aquatic habitats. The fifth section 








focuses on the adaptive nature of biological 
time measurements, and the volume con- 
cludes with papers on the positive and neg- 
ative aspects of modelling and on the interaction 
of multiple factors on plants and animals. 

July, 1975 about 500 Pages 
$27.50 
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IntextlEducational Publishers 


666 Fifth Avenue 
New York, N.Y., 10019 


Enclosed in my check for $ 


Name 





Address 


City State Zip 


(Please add appropriate sales tax if in New York State and 
New York City) 


sell & Howell's physiological — 





Pressure Transducer... 


The Cornerstone of Reliability 





The building blocks of reliability — depend- 


ability, accuracy and performance — are 


inherent features of Bell & Howell's Model 


4-3271 Physiological Pressure Transducer. 


. Modular construction permits inter- 


. changeability of components, reducing the 
. costs for replacement parts. 


Three levels of isolation prevent the ac- 


cidental introduction of electrical current. 

Additionally, all units are electrically stan- 
dardized. 

The Model 4-3271 can also be used in any 
position and is not damaged by use with de- 
fibrillation or electrocautery equipment. 

To find out more, write us at 360 Sierra 
Madre Villa, Pasadena, California 91109. 


CEC DIVISION 


BELL & HOWELL 








Beat after beat...day after day 


To convert...to MAINTAIN normal sinus rhythm 





After conversion of cardiac arrhythmias — whether with CARDIOQUIN Tablets or some other current method — 
only low b.i.d. or t.i.d. dosage of this unique polygalacturonate salt of quinidine is required in most cases to 


maintain normal sinus rhythm. 


Well-tolerated, CARDIOQUIN Tablets are particularly suited for maintenance therapy, since the polygalactur- 
onic acid serves as a buffering moiety. It protects the mucosa of the stomach and permits dependable 


absorption of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical Practice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 


BRIEF SUMMARY INDICATIONS: CARDIOQUIN 
Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of: premature atrial and 
ventricular contractions; paroxysmal atrial tachy- 
cardia; paroxysmal AV junctional rhythm; atrial 
flutter; paroxysmal atrial fibrillation; established 
atrial fibrillation when therapy is appropriate; 
paroxysmal ventricular tachycardia when not as- 
sociated with complete heartblock; maintenance 
therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: 
i i 
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escape mechanisms should not be treated with 
quinidine. WARNING: In the treatment of atrial 
flutter reversion to sinus rhythm may be pre- 
ceded by a progressive reduction in the degree 
of AV block to a 1:1 ratio and resulting extremely 
rapid ventricular rate. COMPOSITION: Each 
CARDIOQUIN Tablet (quinidine polygalacturo- 
nate 275 mg.) is equivalent in quinidine content 
to 3 grains quinidine sulfate. DOSAGE AND AD- 
MINISTRATION: Dosage must be adjusted to 
individual needs, both for conversion and main- 


Än initial dawn 44 ta Ô baktata mau ha 


used to terminate arrhythmias, and may be re- 
peated in 3-4 hours. If normal sinus rhythm is not 
restored after 3 or 4 equal doses, the dose may 
be increased by Y2 to 1 tablet (137.5 to 275 mg.) 
and administered three to four times before any 
further dosage increase. For maintenance, one 
tablet may be used two to three times a day; 
generally one tablet morning and night will be 
adequate. SUPPLIED: Uncoated, scored tablets 


in bottles of 50. Purdue Frederick 


©COPYRIGHT 1974, THE PURDUE FREDERICK COMPANY 


CARDIOLOGY. 





Left Main Coronary Artery Disease 


Symposium on Reperfusion During Acute Myocardial Infarction—Part | 
Samuel Meerbaum, PhD, FACC and Eliot Corday, MD, FACC, Guest Editors 


Call for Abstracts: ACC 25th Annual Scientitic Session 
New Orleans, Louisiana, February 23-26, 1976 


Contents on Page A9 








TABLETS, 25 mg Md 50 mg 
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a basic 
therapeutic 
approach to 
hypertension 


initial 
medication 
that is often 
effective when 
used alone 


suitable 
when used 
with other 
agents 


HydroDIURIL 


The importance of early diagnosis in hyper- 
tension, so that appropriate treatment can be 
initiated promptly, has been well established. 


Authorities in cardiovascular medicine have 
come more and more to favor the thiazides 

as initial drug therapy in early essential 
hypertension—for several important reasons. 


The thiazides are well-established baseline 
therapy. Their effectiveness in lowering blood 
pressure has been thoroughly documented, 
and this effectiveness fits the needs of most 
patients with mild hypertension. Many 
hypertensives can be maintained for years 

on thiazide therapy. 


Equally important is the usefulness of the 
thiazides in combination with other antihyper- 
tensive agents, when they are indicated. This 
retention of the thiazide inthe regimen provides 
a useful baseline upon which the physician may 
build a therapeutic program. Since thiazides 
may add to or potentiate the action of other 
antihypertensive drugs, careful observation 

for changes in blood pressure must be made. 


HydroDIURIL is highly effective antihyper- 
tensive therapy, initially and over the long term— 
the results it has helped achieve over 

many years with many patients make it 


Vecino Msp) especially worth your consideration in the 


often an 
excellent 
choice 


early treatment of hypertension. 


Contraindications include anuria and hyper- 
sensitivity to hydrochlorothiazide or other 
sulfonamide-derived drugs. Use with caution in 
patients with severe renal disease, impaired 
hepatic function, or progressive liver disease. 
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For a brief summary of prescribing information, L3 


please see following page. 


HydroDIURIL: 


(HYDROCHLOROTHIAZIDE | MSD) 


inthe management of hypertension 


Contraindications: Anuria; hypersensitivity to this or other sulfonamide-derived drugs; 
routine use in an otherwise healthy pregnant woman with or without mild edema. 


Warnings: Use with caution in severe renal disease since thiazides may precipitate 


~ azotemia. Cumulative effects may develop in patients with impaired renal function. 
- Use with caution in patients with impaired hepatic function or progressive liver 
- disease, since minor alterations of fluid and electrolyte balance may precipitate 
hepatic coma. May add to or potentiate action of other antihypertensive drugs; po- 
. tentiation occurs with ganglionic or peripheral adrenergic blocking drugs. Sensitivity 
"reactions may occur in patients with or without a history of allergy or bronchial 
. asthma. Possibility of exacerbation or activation of systemic lupus erythematosus 


~- has been reported. 


Use in pregnancy: Thiazides cross placental barrier and appear in cord blood; in preg- 
nancy or in women of childbearing potential, weigh anticipated benefit against pos- 


— sible hazards, including fetal or neonatal jaundice, thrombocytopenia, and possibly 
... other adverse reactions that have occurred in adults. 


Nursing mothers: Thiazides appear in breast milk; if use of drug is deemed essential, 
patient should stop nursing. 


Precautions: Perform periodic determination of serum electrolytes to detect possible 
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electrolyte imbalance. Observe all patients for clinical signs of fluid or electrolyte 
— imbalance, namely, hyponatremia, hypochloremic alkalosis, and hypokalemia. Serum 


and urine electrolyte determinations are particularly important when patient is vomit- 


a » excessively or receiving parenteral fluids, Medication such as digitalis may also 
infl 


uence serum electrolytes. Warning signs, irrespective of cause, are dryness of 
mouth, thirst, weakness, lethargy, drowsiness, restlessness, muscle pains or cramps, 


. muscular fatigue, hypotension, oliguria, tachycardia, and gastrointestinal distur - 
- bances such as nausea and vomiting. Hypokalemia may develop, especially with brisk 


diuresis, in severe cirrhosis, with concomitant corticosteroid or ACTH therapy, or 
with inadequate oral electrolyte intake. Hypokalemia can sensitize or exaggerate 
response of heart to toxic effects of digitalis (e.g., increased ventricular irritability). 
Hypokalemia may be avoided or treated by use of potassium supplements, such as 
foods with a high potassium content. Any chloride deficit is generally mild and usually 
does not require specific treatment except under extraordinary circumstances (as in 
liver disease or renal disease). Dilutional hyponatremia may occur in edematous pa- 
tients in hot weather; appropriate therapy is water restriction, rather than adminis- 
tration of salt except in rare instances when the hyponatremia is life threatening. In 


~ actual salt depletion, appropriate replacement is the therapy of choice. 


Hyperuricemia may occur or frank gout may be precipitated in certain patients. In- 
sulin requirements in diabetic patients may be increased, decreased, or unchanged; 
latent diabetes mellitus may become manifest. Thiazides may increase responsive- 
ness to tubocurarine. Antihypertensive effects of the drug may be enhanced in post- 

mpathectomy patients. May decrease arterial responsiveness to norepinephrine; 


$35 
1h this diminution is not sufficient to preclude effectiveness of the pressor agent for 


therapeutic use. If progressive renal impairment becomes evident, consider with- 
holding or discontinuing diuretic therapy. Thiazides may decrease serum PBI levels 


i . Without signs of thyroid disturbance. Calcium excretion is decreased by thiazides. 


Pathological changes in the parathyroid gland with hypercalcemia and hypophos- 
phatemia have been observed in a few patients on prolonged therapy; thiazides 
should be discontinued before testing for parathyroid function. 

Adverse Reactions: Gastrointestinal System—— Anorexia; gastric irritation; nausea; vom- 
iting; cramping; diarrhea; constipation; jaundice (intrahepatic cholestatic jaundice); 
pancreatitis; sialadenitis. 

Central Nervous System—Dizziness; vertigo; paresthesias; headache; xanthopsia. 


` Hematologic—Leukopenia; agranulocytosis; thrombocytopenia; aplastic anemia. 


Cardiovascular—Orthostatic hypotension (may be aggravated by alcohol, barbiturates, 
or narcotics). 

Hypersensitivity—Purpura; photosensitivity; rash; urticaria; necrotizing angiitis (vas- 
culitis) (cutaneous vasculitis); fever; respiratory distress including pneumonitis; 


. anaphylactic reactions. 


“Other—Hyperglycemia; glycosuria; hyperuricemia; muscle spasm; weakness; rest- 
lessness; transient blurred vision. 

Whenever adverse reactions are moderate or severe, thiazide dosage should be re- 
duced or therapy withdrawn. 


Note: When used with other antihypertensive drugs, careful observations for changes 
in blood pressure must be made, especially during initial therapy. Dosage of other 
antihypertensive agents must be reduced by at least 50 percent as soon as this drug 
is added to the regimen. As blood pressure falls under the potentiating effect of this 
agent, further reduction in dosage, or even discontinuation, of other antihypertensive 
drugs may be necessary. 

How Supplied: Tablets containing 25 mg hydrochlorothiazide each in bottles of 100 
and 1000 and single-unit packages of 100; Tablets containing 50 mg hydrochlorothia- 
zide each in bottles of 100, 1000, and 5000 and single-unit packages of 100; Tablets 
containing 100 mg hydrochlorothiazide each in bottles of 100. 

For more detailed information, consult your MSD representative or see full prescribing 
information. Merck Sharp & Dohme, Division of Merck & Co., INC., West Point, Pa. 19486 
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pressure 


Because of the importance of 
patient motivation, Merck 
Sharp & Dohme offers ''High 
Blood Pressure," a concise, 
pocket-sized booklet that 
defines the patient's own role 
in the management of hyper- 
tension. This booklet is avail- 
able for you to give to your 
patients. It is designed to 
reinforce your explanation of 
hypertension and it emphasizes 
the importance of patient 
understanding in adhering to 
the regimen you prescribe. 


Please ask your Merck Sharp & 
Dohme Professional Represen- 
tative or write Professional 
Service Department, West 
Point, Pa. 19486 for a supply 

of this booklet. 








Digital display of cardiac output 
directly in liters per minute, That's the first 
feature physicians look for in our Model 9510 
Cardiac Output Computer. 

But in the ICU/CCU environment, 
where measurements of cardiac output via 
thermodilution are becoming increasingly 
important in the proper assessment of the 
critically ill, computer versatility and accuracy 
are major considerations. 

In this respect, our new Model 9510 
fills the need precisely. In the critically ill 
patient, clinical parameters can change rapidly. 
Accordingly, all instrument controls are front- 
panel mounted and can be easily adjusted in 
response to the subtle and changing 
conditions of the patient. 

Both patient temperature and injec- 
tate temperature are dynamic variables. The. 
ability to rapidly update and fine tune these 


variables to within 1/109C.. and the selection — 
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of various volumes of cold or room tempera- 
ture injectate, facilitates precise and accurate 
clinical analysis. 

Too, the Model 9510 was designed 
specifically for use with SWAN-GANZ ® 
Flow-Directed Thermodilution Catheters. 
Their multilumen design allows assessment. 
of right and left heart filling pressures, in 
addition to cardiac output. 

Other major features include 
simplicity of operation; +2.4%, 3- 3.096 
reproducibility with iced and room Ec 
temperature injectate respectively (mean ^— = 
deviation of sequential measurements in — = = 
controlled clinical studies); automatic — — 9 
integration of the dilution curve; provision — 
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Each capsule contains 50 mg. PE 
of Dyrenium® (brand of triamterene) - 
and 25 mg. of hydrochlorothiazide. 
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For longterm control of hyp ertension’ 


Before prescribing, see complete prescribing in- 
formation in SK&F literature or PDR. The following 
is a brief summary. 


WARNING 

This fixed combination drug is not indicated for 
initial therapy of edema or hypertension. Edema 
or hypertension requires therapy titrated to the 
individual patient. If the fixed combination rep- 


resents the dosage so determined, its use may 
be more convenient in patient management. The 
treatment of hypertension and edema is not 
static, but must be reevaluated as conditions in 
each patient warrant. 





** Indications: Edema: That associated with congestive 


heart failure, cirrhosis of the liver, the nephrotic 
syndrome; steroid-induced and idiopathic edema; 
edema resistant to other diuretic therapy. Mild to 
moderate hypertension: Usefulness of the triam- 
ees component is limited to its potassium-sparing 
ettect. 


Contraindications: Pre-existing elevated serum po- 
tassium. Hypersensitivity to either component. Con- 
tinued use in progressive renal or hepatic dysfunction 
or developing hyperkalemia. 


Warnings: Do not use dietary potassium supple- 
ments or potassium salts unless hypokalemia de- 
velops or dietary potassium intake is markedly 
impaired. Enteric-coated potassium salts may cause 
small bowel stenosis with or without ulceration. 
Hyperkalemia (25.4 mEq/L) has been reported in 
4% of patients under 60 years, in 12% of patients over 
60 years, and in less than 8% of patients overall. 
Rarely, cases have been associated with cardiac ir- 
regularities. Accordingly, check serum potassium 
during therapy, particularly in patients with sus- 
pected or confirmed renal insufficiency (e.g., elderly 
or diabetics). If hyperkalemia develops, substitute a 
thiazide alone. If spironolactone is used concomi- 
tantly with ‘Dyazide’, check serum potassium fre- 


quently— both can cause potassium retention and 
sometimes hyperkalemia. Two deaths have been 
reported in patients on such combined therapy (in 
one, recommended dosage was exceeded: in the 
other, serum electrolytes were not properly moni- 
tored). Observe patients on '"Dyazide' regularly for 
possible blood dyscrasias, liver damage or other idio- 
syncratic reactions. Blood dyscrasias have been re- 
ported in patients receiving Dyrenium (triamterene, 
SK&F). Rarely, leukopenia, thrombocytopenia, 
agranulocytosis, and aplastic anemia have been 
reported with the thiazides. Watch for signs of im- 
pending coma in acutely ill cirrhotics. Thiazides are 
reported to cross the placental barrier and appear in 
breast milk. This may result in fetal or neonatal 
hyperbilirubinemia, thrombocytopenia, altered 
carbohydrate metabolism and possibly other ad- 
verse reactions that have occurred in the adult. When 
used during pregnancy or in women who might bear 
children, weigh potential benefits against possible 
hazards to fetus. 

Precautions: Do periodic serum electrolyte and BUN 
determinations. Do periodic hematologic studies 
in cirrhotics with splenomegaly. Antihypertensive 
effects may be enhanced in postsympathectomy 


‘DYAZIDE’ 


Just once or twice daily 
hlorothiazide to help keep 


patients. The following may occur: hyperuricemia 
and gout, reversible nitrogen retention, decreasing 
alkalireserve with possible metabolic acidosis, hyper- 
glycemia and glycosuria (diabetic insulin require- 
ments may be altered), digitalis intoxication (in 
hypokalemia). Use cautiously in surgical patients. 
Concomitant use with antihypertensive agents may 
result in an additive hypotensive effect. ‘Dyazide’ 
interferes with fluorescent measurement of 
quinidine. 

Adverse Reactions: Muscle cramps, weakness, diz- 
ziness, headache, dry mouth; anaphylaxis; rash, 
urticaria, photosensitivity, purpura, other derma- 
tological conditions; nausea and vomiting (may in- 
dicate electrolyte imbalance), diarrhea, constipation, 
other gastrointestinal disturbances. Necrotizing 
vasculitis, paresthesias, icterus, pancreatitis, 
xanthopsia and, rarely, allergic pneumonitis have 
occurred with thiazides alone. 


Supplied: Bottles of 100 capsules; in Single Unit 
Packages of 100 (intended for institutional use only). 


SK&F Co., Carolina, P.R. 00630 


Subsidiary of SmithKline Corporation 


for maintenance. 


blood pressure down and triamterene 
to help keep potassium levelsup. _ 
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“ultimate” test 
of stability... 





 Nitrostat 
has shown 
proot 


of stability 








There are alot of ways to say "stable" when youre 
dealing with nitroglycerin. Some more meaning- 
ful than others. 

That's why the testing of Nitrostat includes tests 
to simulate, as closely as possible, the actual con- 
ditions of use. 

For example, we test for wickability — a Parke- 
Davis test (the time in seconds required for water 
to wet the tablet completely by capillary action 
under controlled conditions) — to simulate under- 
the-tongue conditions. 


Heat-stable? Yes. Up to 45 C (113F) (consider- 


ably higher than your patients pocket tempera- 


ture). See graph. 

What's more, the crucial question of mainte- 
nance of content uniformity of nitroglycerin is 
answered by Nitrostat as proved by assay. 


Potency? The average assay still shows almost 
10096 of label claim more than 30 months after 








manufacture: less chance of your patient taking 
a superpotent or, more important, a subpotent 
tablet. 

03 mg (1/200 gr) Lot T-10587 Stored at 45C (113 F) 
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*Fusari SA: Data on file, Parke, Davis & Company. Detroit, Michigan. (Test results were Simi 


lar for the 0.4-mg and the 0.6-mg strengths ) 

Disintegration? We test it using the USP testin 
800 ml of water — all tablets usually disintegrate 
within 30 seconds (USP limit — two minutes). 

Dissolution? Using NF Method 1l, we show 
greater than 9096 dissolution in 30 seconds. 

Now, each factor taken by itself may not be de- 
cisive. But taken together, they add up to a good 
reason to specify Nitrostat. 


Nitrostat cz 


0.3 mg (1/200 gr) 


- (nitroglycerin tablets, USP) :::::: 


...the tested and proved one 


[ Patient booklets: 


PHYSICIAN'S NAME 


ADDRESS 


<n 


PD-JA-1459-1-P(4-75) DITV &TATF 7IP 


Please have representative deliver a supply of the 
following. (Check block) 


"What you should know about angina." 
[ Patient starter packages of Nitrostat? 


Available in bottles 
of 100 and new 


Convenience Packs 
of 25 


(nitroglycerin tablets, USP) 


PARKE-DAVIS 


Parke, Davis & Company, 
Detroit, Michigan 48232 
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PRESSURE MODULE 
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| DATASCOPE. 
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The Swan-Ganz* Catheter 


simplified monitoring. It took 
you out of the cath lab and into 

The Datascope Wedge 
Pressure Group can simplify 
your job at the bedside even 
more. 

First, we ve simplified the 
job of passing the catheter. 
Ours is the only monitor made 
that has an electronic cursor, a 


unique movable reference trace. 


It makes reading the pressure 
changes much easier, much 
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YSIOLOGICAL RECORDER 


DANGER—POSSIBLE EXPLOSION HAZARD IF USED I 
THE PRESENCE OF FLAMMABLE ANESTHETICS SE ts 


faster, much more accurate. 

And once the catheter has 
been passed, we've simplified 
the job of monitoring. In fact, 
we ve taken it to the point where 
the nursing staff can handle it 
without any assistance. 

If you've 
bulky monitoring equipment, 
our wedge pressure group will 
come as a pleasant surprise 
It's extremely light, and com- 
pact. It easily fits at bedside. 

And it's portable. You can 
move it where you need it, 


gotten used to big, 





when you need it. 

So you don't have to have 
a unit for every bed. 

Which not only makes life 
simpler for the people who use 
It, but also for the people who 
buy it. 

For more information on 
the Datascope Wedge Pressure 
Group, write: Datascope Corp., 
580 Winters Ave., Paramus, 
N.J. 07652. 


THE DATASCOPE 
MONITOR GROUP 


Registered Trademark of Edwards Laboratories, Division of American Hospital Supply Corp. 
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Beat after beat...day after day 


To convert...to MAINTAIN normal sinus rhythm 


After conversion of cardiac arrhythmias— whether with CARDIOQUIN Tablets or some other current method— 
only low b.i.d. or t.i.d. dosage of this unique polygalacturonate salt of quinidine is required in most cases to 


maintain normal sinus rhythm. 


Well-tolerated, CARDIOQUIN Tablets are particularly suited for maintenance therapy, since the polygalactur- 
onic acid serves as a buffering moiety. It protects the mucosa of the stomach and permits dependable 


absorption of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical Practice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 


BRIEF SUMMARY- INDICATIONS: CARDIOQUIN 
Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of: premature atrial and 
ventricular contractions; paroxysmal atrial tachy- 
cardia; paroxysmal AV junctional rhythm; atrial 
flutter; paroxysmal atrial fibrillation; established 
atrial fibrillation when therapy is appropriate; 
paroxysmal ventricular tachycardia when not as- 
sociated with complete heartblock; maintenance 
therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: 
Aberrant impulses and abnormal rhythms due to 


escape mechanisms should not be treated with 
quinidine. WARNING: In the treatment of atrial 
flutter reversion to sinus rhythm may be pre- 
ceded by a progressive reduction in the degree 
of AV block to a 1:1 ratio and resulting extremely 
rapid ventricular rate. COMPOSITION: Each 
CARDIOQUIN Tablet (quinidine polygalacturo- 
nate 275 mg.) is equivalent in quinidine content 
to 3 grains quinidine sulfate. DOSAGE AND AD- 
MINISTRATION: Dosage must be adjusted to 
individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be 


used to terminate arrhythmias, and may be re- 
peated in 3-4 hours. If normal sinus rhythm is not 
restored after 3 or 4 equal doses, the dose may 
be increased by 1 to 1 tablet (137.5 to 275 mg.) 
and administered three to four times before any 
further dosage increase. For maintenance, one 
tablet may be used two to three times a day; 
generally one tablet morning and night will be 
adequate. SUPPLIED: Uncoated, scored tablets 


in bottles of 50, Purdue Frederick ' 


€ COPYRIGHT 1974, THE PURDUE FREDERICK COMPANY 
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131 Left Main Coronary Arterial Obstruction: Long-Term Follow-Up of 141 Nonsurgical Cases 5 
JUAN S. LIM, WILLIAM L. PROUDFIT AND F. MASON SONES, Jr. 4 


In 141 patients with obstructive left main coronary artery disease followed up 5 to 10 years from the date of et 
coronary arteriography, left ventricular hypertrophy, conduction delay in the electrocardiogram and multiple w 
vessel involvement were most common in those dying in the 1st year after diagnosis. Severe angina pectoris, 
congestive heart failure and decreased left ventricular contractility increased the 5 year mortality rate. 


136 Left Main Coronary Artery Disease. Risks of Angiography, Importance of Coexisting Disease of Other 
Coronary Arteries and Effects of Revascularization 


HENRY DeMOTS, LAWRENCE |. BONCHEK, JOSEF RÖSCH, RICHARD P. ANDERSON, ALBERT STARR 
and SHAHBUDIN H. RAHIMTOOLA 
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This clinical and angiographic analysis of 58 patients with left main coronary artery disease studied between | 
September 1967 and June 1974 shows that coronary arteriography by the Judkins technique had a low risk. rs 
Presence of the disease could not be reliably predicted before arteriography. Coexisting disease in other major a 
coronary arteries constituted an important determinant of the poor prognosis of such patients and precluded : 
surgery in 13 percent. Surgical therapy relieved symptoms more effectively than nonsurgical therapy. a 


142 Variant Angina Pectoris: Clinical and Anatomic Spectrum and Results of Coronary Bypass Surgery 3 


SAMUEL J. SHUBROOKS, Jr., JOHN M. BETE, ADOLPH M. HUTTER, Jr., PETER C. BLOCK, 5 
MORTIMER J. BUCKLEY, WILLARD M. DAGGETT and ELDRED D. MUNDTH 


Experience with 20 patients suffering from the variant angina syndrome indicates that all such patients should 
be studied by coronary angiography. Seventeen patients had significant proximal stenosis of one or more coro- 
nary arteries with good distal vessels. Bypass surgery in 15 patients resulted in one noncardiac postoperative 
death, one myocardial infarction during surgery and long-term relief of pain in all 14 survivors. The three pa- 
tients without significant coronary artery disease could not be distinguished clinically from those with severe ob- 


structive disease. 


148 Oxygen Delivery, Anoxic Metabolism and Hemoglobin Oxygen Affinity (P5o) in Patients with Acute 
Myocardial Infarction and Shock 


PROTASIO L. da LUZ, JOSE M. CAVANILLES, SYBIL MICHAELS, MAX HARRY WEIL and HERBERT 
SHUBIN 


A compensatory increase in Pso observed in patients with reduced oxygen delivery after acute myocardial in- 
farction supplies an estimated 18 percent increase in oxygen availability. This increase in Pso and oxygen avail- | 
ability, independent of changes in cardiac output, is contingent on the presence of other factors, including pe- x 
ripheral shunting and cellular capacity to take up oxygen at a given time. 4 


Continued on page A13 


TWO coop REASONS WHY AVIONICS IS 
THE LEADER IN EXERCISE STRESS TESTING! 








a BETTER EQUIPMENT — ji n A T 2 PO? q 
introducing the new Avionics Model CU ©/9/ @ 
3600 ExerStress'" Console... \ T 


1. Automatic Blood Pressure Monitor 
2. Four-Channel Memory Scope 

3. Standard 12-lead Capability et ais 
4. Accurate Heart Rate Meter 

5. ST-Segment Computer With PVC Indicator 

6. Automatic Timer For Activating ECG 

Write-out 

T. Three-Channel ECG Writer 

8. Digital Display of Treadmill Speed 
9. Digital Display of Treadmill Grade 
10. Digital Elapsed Time Clock 
11. Digital Display of Stage of Test 


12. Automatic Programmer For 
Controlling Treadmill 


13. DC Defibrillator 
14. Work Area 
..15. XY Charter of ST-Segment, Heart 
Rate, and Time 
16. Storage Areas 
17. Treadmills: Finest Quality 
Available 


s BETTER SERVICE — full service and maintenance contracts available... 


Compare the quality and performance of our system 
with all others. We'll bring the entire system, including 
the treadmill, to your hospital, clinic, or office and.con- 
duct an actual stress test under your control. You can 
prove the superior performance and diagnostic quality 
of our system to your own satisfaction. 





AVIONICS SALES & SERVICE CENTERS 


Ask any competitor to bring and demonstrate his 
complete system to you, including treadmill exercising. 
If he refuses, that should tell you something! If you 
want the best, we've got it and we're ready to bring it 
to you. 

For action, just use the coupon below. 


m Stamford = Miami = Montreal m St. Louis m San Francisco 
m Baltimore um Cincinnati m Chicago m Dallas m Seattle 
€ Atlanta m Detroit = Minneapolis m Los Angeles m Brussels 


Q Please send me your Exercise Stress Test Heart Monitoring brochure. | would like to 
know more about this new system. 


O Send the literature, and schedule me for a visiting demonstration. 
Name and Title 

Organization 

Address 

OUR M ru cse eso JMB mu ll dopo qp 





AVIONICS BIOMEDICAL DIVISION 
Del Mar Engineering Laboratories, 6901 West Imperial Highway, Los Angeles, California 90045/Phone: (213) 641-7700 
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155 Measurement of S-T Segment Elevation in Acute Myocardial Infarction in Man. Comparison of a 
Precordial Mapping Technique and the Frank Vector System 


TOSHIO AKIYAMA, MORRISON HODGES, THEODORE L. BIDDLE, BARBARA ZAWROTNY and 
CATHERINE VANGELLOW 


Estimation of the magnitude and direction of the S-T vector derived from the X, Y and Z leads of the Frank vec- 
tor system serves as a simple alternative to standard precordial S-T segment mapping and allows for continu- 
ous monitoring of S-T segment elevations in all patients with acute myocardial infarction, whether the infarction 
involves the inferior or anterior wall of the left ventricle. 


163  Reappearance of Anterior QRS Forces After Coronary Bypass Surgery. An Electrovectorcardiographic 
Study 


HOWARD J. ZEFT, H. DAVID FRIEDBERG, JAMES F. KING, JACK C. MANLEY, JOHN H. HUSTON and 
W. DUDLEY JOHNSON 


Electrocardiographic and vectorcardiographic studies in six patients with typical patterns of transmural anterior 
wall myocardial infarction with Q waves in the right precordial leads showed regeneration of R waves in these 
leads and loss of the pattern of definite infarction within 10 days after direct coronary arterial bypass surgery. 
These studies demonstrate the reversibility of the electrical patterns of myocardial infarction in some patients 
upon reestablishment of perfusion to ischemic areas. 


169 Significant Sex Differences in the Correlation of Electrocardiographic Exercise Testing and Coronary 
Arteriograms 


MICHAEL H. SKETCH, SYED M. MOHIUDDIN, JOSEPH D. LYNCH, ALLEN E. ZENCKA and VINCENT 
RUNCO 


A positive multistage stress test is useful in men but not in women in predicting significant coronary artery dis- 
ease prior to arteriography. On the other hand, a negative stress test is useful in ruling out such disease in 
women but not in men. There is no clear explanation for this sex difference and for the high incidence rate (67 
percent) of false positive stress tests in women. 


174 Comparison of Angiographic and Postmortem Findings in Patients with Coronary Artery Disease 
JARED N. SCHWARTZ, YIHONG KONG, DONALD B. HACKEL and ALAN G. BARTEL 


Premortem cineangiographic studies of coronary artery stenosis in 25 patients were in agreement with autopsy 
findings in 79 percent of the segments examined, overestimated it in 6 percent and underestimated it in 15 per- 
cent. This confirms the reliability of coronary arteriography in evaluating the severity of coronary artery dis- 
ease. Common causes of error, particularly of underestimation, included circumferential stenosis, eccentric le- 
sions, obstruction of view by artificial valves and poor opacification because of severe proximal stenosis. 


EXPERIMENTAL STUDIES 


179 Effect of Practolol on Left Ventricular Dimensions During Coronary Occlusion 
JON LEKVEN 


Practolol, a relatively cardiospecific beta blocking agent, given to dogs during acute coronary arterial occlusion, 
reduced myocardial dilatation and increased systolic shortening in ischemic areas. In nonischemic control re- 
gions it caused further dilatation and diminished shortening. Practolol thus improved function in ischemic ven- 


tricular regions and restored ventricular stroke volume, presumably as a result of improved myocardial oxygen 
balance. 


Continued on page A15 
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help vou sell this EK-5A. 


A special promotion. Now through October 31st, when you sell 
a new Burdick EK-5A electrocardiograph, Burdick will give 
your customer enough supplies—Lectro-pads, paper, and 
mounts—for 100 ECGs. 


Tell your prospects that if their ECG charge is 15 or 20 dollars, 
100 ECGs are more than enough to cover the purchase of their 
new Burdick EK-5A electrocardiograph. 





And remind them that the EK-5A is an instant-on solid-state 
electrocardiograph with a coveted reputation for accuracy, 
definition, and dependability. It exceeds the minimum Ameri- 
can Heart Association frequency-response recommendations 
and is Data-Phone-compatible. 


Have your customers take advantage of this pay-for-itself op- 
portunity before the October 31st deadline. For more informa- 
tion, call (608) 868-7631. Or write to The Burdick Corporation, 
Milton, Wisconsin 53563. 
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185 Effect of Graded Reductions in Regional Coronary Perfusion on Regional and Total Cardiac Function 


H. L. WYATT, JAMES S. FORRESTER, JOHN V. TYBERG, STEVEN GOLDNER, SAMUEL E. LOGAN, 
WILLIAM W. PARMLEY and H. J. C. SWAN 


This study of graded reduction in regional coronary perfusion and in arterial oxygen concentration in 14 open 
heart dogs demonstrates that myocardial function depends upon a critical level of coronary perfusion pressure 
and flow. Regional function dropped sharply when coronary perfusion pressure and flow were reduced to 50 to 
65 mm Hg and 25 to 55 ml/min per 100 g, respectively. Changing arterial oxygen concentration affected ven- 
tricular performance only at the low range of coronary perfusion pressure (+22 mm Hg). 


METHODS 


193 Diastolic Compliance of the Left Ventricle in Man 


WILLIAM H. GAASCH, MIGUEL A. QUINONES, EFRAIN WAISSER, HANS G. THIEL and JAMES K. 
ALEXANDER 


Pressure-volume data over a range of operating pressures are necessary for assessing left ventricular compli- 
ance. The product of end-diastolic stress and left ventricular linear compliance derived from volume compli- 
ance and normalized for left ventricular wall thickness provides a useful index of myocardial strain (muscle fiber 
stretch). This index may be related to systolic performance and allows comparison of length-performance rela- 
tions in ventricles with normal and abnormal compliance. 


REPORTS ON THERAPY 


202  Hemodynamic Effect of Dobutamine in Patients with Severe Heart Failure 


NASIM AKHTAR, ESTEBAN MIKULIC, JAY N. COHN and M. HAFEEZ CHAUDHRY 


Dobutamine, a derivative of dopamine, demonstrated potent inotropic, but limited chronotropic and peripheral 
vascular, effects in 15 patients with severe congestive heart failure. Cardiac output was significantly increased 
with no or only slight change in arterial pressure and heart rate. These results justify further therapeutic trial in 
the short-term management of low output heart failure, particularly in older patients with ischemic heart dis- 
ease. 


206 Effects of Isosorbide Dinitrate on the Response to Atrial Pacing in Coronary Heart Disease 


211 


ROBERT J. STEELE, GARY W. BURGGRAF and JOHN O. PARKER 


The sublingual administration of 5 mg of isosorbide dinitrate to 20 patients with angiographically proved coro- 
nary artery disease provided a significant protective effect against pacing-induced myocardial ischemia at 10 
and 65 minutes after its administration. This was demonstrated by prevention of or decrease in severity of angi- 
na and S-T segment depression, an increase in lactate extraction, and a significant decrease in left ventricular 
end-diastolic pressure after isosorbide dinitrate administration. 


SYMPOSIUM ON REPERFUSION DURING ACUTE MYOCARDIAL INFARCTION. PART | 


Introduction 


SAMUEL MEERBAUM and ELIOT CORDAY 


Continued on page A17 
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A DRAMATIG LEAP FORWARD 
NAMIG ELEGTROGARDIOGRAPHY! 





Model 660 Features: 





e 2-channel playback of Holter recordings 
2-channel paper writer 

120:1 playback ratio (24-hour recording 
scanned in 12 minutes) 

Trend recording of S-T segment and heart rate 
Digital display and chart recording of 
ventricular and supraventricular ectopic beats 
Total heart beat counter 

Digital display clock 

Automatic time print-out on ECG write-out 
Adjustable delay loop for tape deck 

Solid state, modular design 


Now available to every physician... an advanced 
ECG system for post MI follow-up, pacemaker 
evaluation, evaluation of drug administration, and 
detecting the causes of such fleeting symptoms as 
phantom chest pains and dizziness. 


Model 425 Holter Monitor 
Provides a 2-channel, 24-hour ECG recording of 
ambulatory patients. 


Model 660 Electrocardioscanner® 

Performs a 12-minute scan of the 24-hour, 2-chan- 
nel tape recording and provides standard ECG 
documentation of abnormalities and quantification 
of arrhythmia and ischemic data. 


[] Please send me the literature. | would like to know more about Holter monitoring 
and the Avionics Dynamic Electrocardiographic Systems. 


Name and Title 
Organization 
Address 


[] Send the literature, and schedule me for a visiting demonstration. | am definitely 
interested in acquiring this kind of equipment. 





City 


AVIONICS BIOMEDICAL DIVISION 
Del Mar Engineering Laboratories, 6901 West Imperial Highway, Los Angeles, Calif. 90045/Phone: (213) 641-7700 


State Zip 
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214 Alterations in Myocardial Hydrogen lon Concentration After Temporary Coronary Occlusion: A Sign of 
Irreversible Cell Damage 


ARNO KRUG 


The hydrogen ion (H*) concentration increased (pH <6.0) in a transmural extension in the left ventricle of cats 
after ligation of the left anterior descending coronary artery and diminished (pH 7.4) in the border zone between 
the acid-reacting area and the normal muscle. The persistence of the elevated H* concentration in the suben- 
docardial region despite release of the coronary occlusion proves lack of reestablishment of blood flow (no re- 
flow phenomenon) in the involved myocardium after temporary coronary occlusion. This indicates persistent 
ischemia in involved myocardium despite release of the temporary coronary occlusion. An alkaline reaction of 
the myocardium is an early indicator of irreversible muscle cell damage. 
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218 Mitochondrial Function, Oxygen Extraction, Epicardial S-T Segment Changes and Tritiated Digoxin 
Distribution After Reperfusion of Ischemic Myocardium 


JAMES J. KANE, MARVIN L. MURPHY, JOE K. BISSETT, NEIL deSOYZA, JAMES E. DOHERTY and 
KARL D. STRAUB 
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Reperfusion for 2 hours failed to improve the indexes of myocardial viability or prevent necrosis after 60 min- - 
utes or more of myocardial ischemia in pigs. These results call for caution and critical evaluation of early surgi- 
cal revascularization as treatment for acute myocardial ischemia or infarction in man. 


225 Experimental Coronary Arterial Occlusion and Release. Effects on Enzymes, Electrocardiograms, 
Myocardial Contractility and Reactive Hyperemia 


MARVIN RICHARD BLUMENTHAL, HSUEH-HWA WANG and LETTY MEI PANG LIU 


- obey nM 


In dogs whose left anterior descending coronary artery was experimentally occluded for 1 to 3 hours and then 
released, coronary venous and serum enzymes increased within 10 to 20 minutes and significant Q waves ap- 
peared within 15 to 30 minutes after release of the occlusion. Thus, clinically, the delayed appearance of 
serum enzyme elevation and Q waves is attributed largely to a lack of circulation in the infarcted area rather 
than to prolonged survival time. Viability of myocardium was suggested by S-T elevation after reclamping and 
by residual contractility and reactive hyperemia. 
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234 Alterations in Energy Metabolism and Ultrastructure Upon Reperfusion of the Ischemic Myocardium 
After Coronary Occlusion 


GYAN P. SHARMA, KENNETH G. VARLEY, SUNG W. KIM, JAROSLAW BARWINSKY, MORLEY COHEN 
and NARANJAN S. DHALLA 
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In 48 dogs changes in myocardial function, metabolism and ultrastructure brought about by 30 minutes, and 
possibly 60 minutes, of myocardial ischemia were reversible after 60 minutes of reperfusion. Ninety minutes of 
ischemia caused severe irreversible myocardial damage, as indicated by levels of creatine phosphokinase, glu- " 
tamic oxaloacetic transaminase and lactic dehydrogenase in the coronary sinus blood and changes in the mito- 
chondria and sarcoplasmic reticulum. 
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244 Contractile and Biochemical Effects of Coronary Reperfusion After Extended Periods of Coronary 
Occlusion s 


PRITPAL S. PURI 
With coronary occlusion of 1 to 3 hours’ duration, myocardial contractility failed to return in the immediate post- 
perfusion period, but delayed recovery was recorded after 2 weeks of reperfusion. High energy phosphate con- 


tent of the reperfused myocardium showed a similar pattern of recovery. The extent of recovery varies in- Br 
versely with the duration of occlusion. i 


Continued on page A 19 
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* Nitrates are the first line of defense 


against angina pectoris 


* The therapeutic goal of oral nitrate therapy 


Is an angina-free patient 


Fewer tablets for patients on 80 mg. or more per day (up toa 
maximum of 120 mg./day) 

* To provide prophylaxis against anginal attacks often caused 
by unavoidable everyday stress. 

* To reduce the frequency and severity of angina pectoris 
attacks. (Not intended to abort the acute episode.) 





* Indications: Based on a review of this drug by the National Academy 
of Sciences—National Research Council and/or other information, FDA 
has classified the indication as follows: 

"Possibly" effective: When taken by the oral route, Isordil is indicated 
for the relief of angina pectoris (pain of coronary artery disease). It is 
not intended to abort the acute anginal episode, but is widely regarded 
as useful in the prophylactic treatment of angina pectoris. 

Final classification of the less-than-effective indications requires further 
investigation. 













Contraindication: Idiosyncrasy to this drug. 

Warnings: Data supporting the use of nitrites during the early days of the 
acute phase of myocardial infarction (the period during which clinical and 
laboratory findings are unstable) are insufficient to establish safety. 


A18 


Precautions: Tolerance to this drug and cross-tolerance to other nitrites 
and nitrates may occur. ; 

Adverse Reactions: Cutaneous vasodilation with flushing. Headache is 
common and may be severe and persistent. Transient episodes of dizziness 
and weakness as well as other signs of cerebral ischemia associated with 
postural hypotension may occasionally develop. This drug can act as a 
physiological antagonist to norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual exhibits marked sensitivity to 
the hypotensive effects of nitrite, and severe responses (nausea, vomiting, 
weakness, restlessness, pallor, perspiration and collapse) can occur even 
with the usual therapeutic dose. Alcohol may enhance this effect. Drug 
rash and/or exfoliative dermatitis may occasionally occur. 


Consult direction circular before prescribing. 


May we send you reprints, detailed information and/or professional samples? 


IVES LABORATORIES INC. 


New York, New York 10017 ® 


DEDICATED TO IMPROVING THE QUALITY OF LIFE 
THROUGH MEDICINE® 
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Maximal Revascularization (Reperfusion) in Intact Conscious Dogs After 2 to 5 Hours of Coronary 
Occlusion 


VIRENDRA S. MATHUR, GENE A. GUINN and WALTER H. BURRIS, Ill 


Reperfusion in 56 intact conscious dogs following 2 and 5 hours of left anterior descending coronary occlusion 
not only did not fail to prevent deterioration and death, but also hastened the development of arrhythmias and 
myocardial injury. Infarct size can be reduced by reperfusion if performed after 2 hours but not after 5 hours, of 
occlusion. More studies using other species are indicated before any large scale surgical revascularization is 
attempted in the early stage of myocardial infarction in man. 


CASE REPORTS 


Successful Partial Excision of an Intramural Fibroma of the Left Ventricle 
GEORGE J. REUL, Jr., JIMMY F. HOWELL, PEDRO A. RUBIO and PAUL K. PETERSON 


Simulating mitral stenosis and insufficiency for years, a massive intramural fibroma of the posterior wall of the 
left ventricle and most of the interventricular septum was partially excised with good results in a 31 year old 
man with syncopal episodes and chest pain of 4 years' duration. A left ventricular angiogram demonstrated the 
calcified lesion preoperatively. 


EDITORIALS 


Implanted Pacemakers: Medicolegal Implications 
LEONARD S. DREIFUS and DAVID COHEN 


Permanent Pacing of the Heart: A Comment on Technique 
VICTOR PARSONNET 


SPECIAL DEPARTMENTS 


Letters to the Editor 
Behavior Therapy for Type A Patients—Suinn et al. 
Relation Between S-T Segment Depression and S Wave Amplitude—Edwards and Katzeff 


Maximal Treadmill Testing—Bruyneel and Bruce 
Book Reviews 
Reviews in Cardiology 


American College of Cardiology News 
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Portable 
Potassium 
Chloride 





i 
chloride, 1.5g.) 
‘ Powder 


a ids ri parkot anan 
Potassium Chloride... 1.5 g. (20 mea.) CONECTA Qd 
 Flavored. Contains no suaar. EaborWoriet; ine. a DNE 








The Processall yie gh acutance, superior resolution and full detail permitting an. 
accurate diagnosis. Artifacts do not occur. Rapid, repeatable, excellent results are secured withe ease. 
Speed is variable permitting pre-selection of desired density and contrast. 
| The Processall is self-threading and daylight operated. 

It is designed for ease of operation and maximum reliability 
with minimal maintenance required. Photosensitive films and 
papers in roll form may be processed dry-to-dry with a 
minimum of operator training. © u 

The drying temperature i is vorighle to suit the emulsion 
being processed. — 

All models are compact, portable, and fit almost 

anywhere. 

Most major medical centers and hospitals are using the n * now rs 

Processall to fulfill their processing requirements. MM 2^ ‘inspectiilm | 

The Mark 16/35 Processor for faster production (devel-- S Wb ON asitexitsthe |. 

ops one 200 foot case every eight minutes) is also available. | EM  BOcossor 
For more information, contact usor your Oscar Fisher  . e INE 

sence ca: dealer. 


Instant Viewer* 
now available for existing 
or new machines | 
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the heart of your electrocardiog 
diagnosis is made of paper 





Accurate interpretation of analytical data pre- Why take the chance. Specify the paper designed 
sented by your electrocardiograph and subsequent and produced expressly for the manufacturer of 
proper diagnosis is manifested by the chart paper. your instrument. The cost of total assurance 
If there's a chance the chart paper is lacking in simply isn't worth the few pennies substitutes may 


quality or accuracy, an inaccurate recording may "e. 


well be the result. This message was prepared in the interest of better 
recording instrument performance by .. . 


Ni A 3 iz uU A The Instrument Manufacturers’ Chartmaker 


CORPORATION 





100 East Kinney St. - Newark, N.J. 07105 - (201) 589-5970 
GUBELMAN CHART DIVISION 3037 East Maria St. - Compton Calif. 90220 - (213) 537-4250 
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direct-action 





o Rapid reduction to normotensive levels 

Induces rapid reduction of blood pressure generally 
within 5 minutes...often in 1 or 2 minutes to the lowest 
level achieved. Blood pressure response facilitated by 
appropriate diuretic therapy. 


O Prolonged activity 

A single injection of HYPERSTAT I.V. generally maintains 
blood pressure below pretreatment levels for periods 
up to 12 hours. 


O Protective action — helps avert target 
organ damage 


Cardiac output increases as diastolic pressure is 
reduced. Coronary and cerebral blood flow maintained. 
Increased renal blood flow after transient decrease. 


Administration 
guidelines 


CRAS ES 


4 Hospitalized 2 Fill dry syringe 3 Vere M sue 
a E E yI 
a peripheral vein 


patient should 
be recumbent. 


with appropriate 
dose of HYPERSTAT 
I.V. Injection (20 ml 
ampule contains 
300 mg. diazoxide). 


i AR 
M E lx 


6 Patient should 
» remain recum- 
bent for at least half 
an hour after injection. 


a pressure closely 
until stabilized — 
` usually 15-30 minutes. 


Copyright © 1975, 
Schering Corporation. 
All rights reserved. 


Stal regimen for rapid 
reduction of blood pressure 
in malignant hypertension 











"The injection of the [diazoxide] bolus 
in 10to 15 seconds results in a prompt 
blood pressure fall in a high 
percentage of cases. A maximal blood 
pressure response usually occurs 
within 5 to 10 minutes.” 


O Uncomplicated procedure 

Simple I.V. “push” in a peripheral vein in 30 seconds or 
less. Close monitoring at frequent intervals is necessary 
until blood pressure is stabilized (generally 15-30 minutes). 
Thereafter, hourly measurement should be taken during 
the balance of effect. 


o Stable...convenient...no preparation 


HYPERSTAT I.V. Injection supplied in a 20 ml. ampule 
containing a stable solution of diazoxide 300 mg. 
...Fready to use. 


*Marvin Moser. M.D., Assistant Professor of Clinical Medicine, Albert 
Einstein College of Medicine, and Chief of Cardiology, White Plains 
Hospital, White Plains, N.Y., in Diazoxide — an effective vasodilator in 
accelerated hypertension. Am Heart J 87(6): 791-795, June 1974. 





Remove needie 
= carefully— 
avoid extravasation. 


Inject entire 
» dose l. V. in 
30 seconcs or less. 


E 
AN S Zi 


Monitor blood 8 If patient is to be 9 HYPERSTAT IV.. 
*« ambulatory, 

blood pressure should 
be measured in 
standing position 
before surveillance 

is ended. 


s Injection should 
be continued until a 
regimen of oral 
antihypertensive 
medication becomes 
effective—generally 
within a few days. 


Before prescribing HYPERSTAT I.V. Injection, please consult complete product information on next page. 
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Stat regimen for 
rapid reduction 
of blood pressure 
in malignant 
hypertension 


FOR INTRAVENOUS USE IN HOSPITALIZED PATIENTS ONLY 


Description HYPERSTAT I.V. Injection is a rapidly acting antihypertensive agent. 
Each ampule (20 ml.) contains 300 mg. diazoxide, a nondiuretic benzothiadiazine 
derivative, in a clear, colorless, aqueous solution; the pH is adjusted to approx- 
imately 11.6 with sodium hydroxide. Diazoxide is 7-chloro-3-methyl-2H 1, 2, 4-benzo- 
thiadiazine 1, 1-dioxide. 


Actions | HYPERSTAT I.V. Injection produces a prompt reduction in blood pressure by 
relaxing smooth muscle in the peripheral arterioles. Cardiac output is increased as 
blood pressure is reduced by diazoxide; coronary and cerebral blood flow are main- 
tained. Renal blood flow is increased after an initial decrease. Diazoxide has no known 
direct action on the central nervous system. 

Patients refractory to other antihypertensive agents usually remain responsive 
to diazoxide. 

Diazoxide is extensively bound to serum protein (79096). The plasma half-life is 
28 8.3 hours; however, the duration of its antihypertensive effect is variable, 
generally lasting lessthan 12 hours. Although an antihypertensive response has been 
obtained with slow intravenous injection, in general, a greater antihypertensive effect 
is obtained with rapid intravenous administration. 


Indications ^ HYPERSTAT I.V. Injection is indicated for the emergency reduction of 
blood pressure in malignant hypertension in hospitalized patients, when prompt and 
urgent decrease of diastolic pressure is required. Treatment with orally effective anti- 
4 I-rebe iia agents should be instituted as soon as the hypertensive emergency is 
controlled. 

HYPERSTAT (diazoxide) |.V. Injection is ineffective against hypertension due to 
pheochromocytoma. 


Contraindications | HYPERSTAT LV. Injection should not be used in the treatment of 
compensatory hypertension, such as that associated with aortic coarctation or arte- 
riovenous shunt. 

The drug should not be used in patients hypersensitive to diazoxide or other thi- 
azides, unless the potential benefits outweigh the possible risks. 


Warnings Usage in Pregnancy: The safety of HYPERSTAT I.V. Injection in pregnancy 
has not yet been established. 
Information is not available concerning the passage of HYPERSTAT in breast milk. 
However, it is known that diazoxide crosses the placental barrier and appears in cord 
blood. Like other thiazides, the drug may produce fetal or neonatal hyperbilirubin- 
emia, thrombocytopenia, altered carbohydrate metabolism, and possibly other 
adverse reactions that have occurred in adults. 
Usage in Children: The safety of HYPERSTAT I.V. Injection in children has not yet 
been established. ; 
Hypotension may occasionally result from the administration of HYPERSTAT I.V. 
If hypotension severe enough to require therapy occurs, it will usually respond to 
the administration of sympathomimetic — such as norepinephrine. 
Hyperglycemia occurs in the majority of patients, but usually requires treatment 
only in patients with diabetes mellitus; it will respond to the usual management, in- 
cing insulin. Therefore, blood glucose levels should be monitored especially in 
patients with diabetes or in those requiring apio injections of diazoxide. Hyper- 
glycemia and hyperosmolar coma associated with transient cataracts developed in 
one infant receiving repeated daily doses of oral diazoxide. The disturbed carbo- 
hydrate metabolism was successfully treated with insulin. Cataracts have been ob- 
served ina fewanimals receiving repeated daily doses of intravenous or oral diazoxide. 
Since diazoxide causes sodium retention, repeated injections may precipitate 
edema and congestive heart failure. This retention responds characteristically to 
diuretic agents if adequate renal function exists. It should be noted that concurrently 
administered thiazides may potentiate the antihypertensive, hyperglycemic, and 
ager tens actions of diazoxide (See Drug Interactions). "t. 
ince increased volume of extracellular fluid may be a cause of treatment failure in 
nonresponsive patients, it may be advisable to reduce this increased volume by 
means of a diuretic agent. 
Although no evidence of excessive anticoagulant effects has been reported, 
atients, especially those who are hypoalbuminemic and receive HYPERSTAT I.V. 
njection and coumarin or its derivatives, may require reduction in dosage cf the 
anticoagulant (See Drug Interactions). 


Precautions HYPERSTAT (diazoxide) |.V. Injection is a potent antihypertensive agent 
requiring close monitoring of the patient’s blood pressure at frequent intervals. 
Its administration may occasionally cause hypotension requiring treatment with 
sympathomimetic drugs. Therefore, adequate facilities to treat such untoward 
reactions should be available when HYPERSTAT I.V. Injection is used. 
HYPERSTAT I.V. Injection should be administered only into a peripheral vein. 
Becausethe alkalinity of the solution is irritating to tissue, extravascular or pita or 
leakage should be avoided; subcutaneous administration has produced inflammation 
and pain without subsequent necrosis. If leakage into subcutaneous tissue occurs, 
the area should be treated conservatively. AAT 
Maximal antihypertensive effects occur after rapid administration (within 30 sec- 


. onds) into the vein; a slower injection may fail to reduce blood pressure or produce a 


very brief response. de 

As with any potent antihypertensive agent, HYPERSTAT I.V. Injection should be used 
with care in patients who have impaired cerebral or cardiac circulation, that is, 
patients in whom abrupt and brief reductions in blood pressure might be detrimental. 

Special attention is required for patients with diabetes mellitus and those in whom 
retention of salt and water may present serious problems (See Warnings). Nondiabetic 

atients may have a transient, reversible, and clinically insignificant increase in 
lood glucose following HYPERSTAT I.V. Injection. 4-2 

Since peritoneal dialysis or hemodialysis can reduce levels of diazoxide in the 
blood, patients undergoing dialysis may require more than one injection. 
Adverse Reactions 

Frequent and serious adverse reactions: Sodium and water retention after repeated 
injections, especially important in patients with impaired cardiac reserve; hyper- 
glycemia frequently requiring treatment in diabetic patients, especially after 
repeated injections. : i S 

Infrequent but serious adverse reactions: Hypotension to shock levels; myocardial 
and/or cerebral ischemia, usually transient but possibly leading to thrombosis and 
manifested by angina, atrial and ventricular arrhythmias, and marked electrocardio- 
graphic changes; unconsciousness, convulsions, paralysis, or confusion; persistent 
retention of nitrogenous wastes after repeated injections; sensitivity reactions, such 
as rash, leukopenia, and fever. Rarely, acute pancreatitis has been reported. 

Other adverse reactions: Nausea, vomiting, and/or abdominal discomfort; vaso- 
dilative phenomena, such as flushing, generalized or localized sensations of warmth, 
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headache (sometimes throbbing), and sweating; orthostatic hypotension, light- 
headedness, and weakness of short duration; supraventricular tachycardia and 
palpitation; transient hyperglycemia in nondiabetic patients; transient retention of 
nitrogenous wastes; nonanginal “tightness in the chest"; warmth or pain along the 
injected vein; cellulitis without sloughing and/or phlebitis at the site of extravasa- 
tion; anorexia and alteration of taste; ileus; bradycardia; back pain; chest discomfort; 
dyspnea, choking sensation; apprehension or anxiety, malaise, and blurred vision 
occurred on single occasions; parotid swelling, salivation, lacrimation; ringing in 
the ears; diarrhea and constipation; increased nocturia; euphoria. 


Druginteractions Since diazoxide is highly bound to serum protein, it may displace 
other substances or drugs which are also bound to protein, such as bilirubin or cou- 
marin and its derivatives. These potential interactions must be considered when 
administering HYPERSTAT I.V. Injection. The concomitant administration of diazoxide 
with thiazides or other commonly used potent diuretics may potentiate the hyper- 
glycemic, hyperuricemic, and antihypertensive effects of diazoxide. 


Overdosage Overdosage of HYPERSTAT I.V. Injection may cause an undesirable 
hypotension. Usually, this can be controlled with sympathomimetic agents, such as 
norepinephrine; failure of the blood pressure to rise in response to such an agent 
suggests that the hypotension may have been caused by something other than diaz- 
one. Excessive hypergiyoamia resulting from overdosage will respond to 
conventional therapy of hyperglycemia. 

Diazoxide may be removed from the blood by peritoneal dialysis or hemodialysis. 


Animal Pharmacology and Toxicology In studies involving a number of species, 
including the rat, cat, dog, and monkey, diazoxide has been shown to exert significant 
antihypertensive actions through its direct effect on peripheral arterioles, which 
neither impairs cardiac function nor seriously diminishes perfusion of kidneys. 

In addition, in each species tested, including the rat, dog, and monkey, diazoxide 
elicits hyperglycemia, increased serum-free fatty acids and decreased plasma insulin 
levels by a mechanism thought to involve both suppression of insulin release and 
enhanced catecholamine action. 

Although the data are not conclusive, reproduction and teratology studies in 
several species of animals indicate that diazoxide, when administered during the 
critical period of embryo formation, may interfere with normal fetal development, 
pos through altered glucose metabolism. Parturition was occasionally pro- 
onged in animals treated at term. 

Dosage and Administration | HYPERSTAT I.V. Injection is administered undiluted and 
rapidly by intravenous injection. It should only be given intoa peripheral vein. Do not 
administer it intramuscularly, subcutaneously, or into body cavities. Avoid extravasa- 
tion of the drug into subcutaneous tissues. 

The response to HYPERSTAT I.V. Injection varies from patient to patient. Generally, 
blood pressure decreases within five minutes, often within one to two minutes, to the 
lowest level achieved. The blood pressure increases relatively rapidly in the next 
ten to 30 minutes, and then more slowly over the following two to 12 hours, nearly 
reaching but rarely exceeding the pretreatment level. The response to successive 
injections is frequently better than that to the initial injection. 

Treatment of Vido yao emergencies with HYPERSTAT I.V. Injection should be 
limited to a few days and a regimen of oral antihypertensive medications should be 
instituted as soon as possible. 

With the patient recumbent, the contents of one 20 m!. ampule containing 300 mg. 
of HYPERSTAT I.V. Injection are administered intravenously in 30 seconds or less. 
Slow intravenous injection may fail to reduce the blood pressure or may produce an 
exceedingly short response. 

Specific dosage is required in children or in unusually large or small patients. 
This dosage may be calculated on the basis of 5 mg./kg. body weight (0.3 ml./kg.) 
(See Warnings). 

A second administration of HYPERSTAT (diazoxide) I.V. Injection may be required 
for a satisfactory reduction in blood pressure, if the first injection fails to give an 
adequate response within 30 minutes. 

Repeated administration of HYPERSTAT I.V. Injection at intervals of four to 24 hours 
usually will maintain the blood pressure below pretreatment levels until a regimen 
of oral antihypertensive medication becomes effective. The interval between injec- 
tions may be adjusted by the duration of the response to each injection. It is usually 
unnecessary to-continue treatment with HYPERSTAT I.V. Injection for more than 
four to five days. 

Following the use of HYPERSTAT I.V. Injection, the blood pressure should be mon- 
itored closely until it has stabilized. Thereafter, measurements taken hourly during 
the balance of the effect will indicate any unusual response. A further decrease in 
blood pressure at 30 minutes or more after injection should be investigated for 
causes other than the action of HYPERSTAT I.V. Injection. It is preferable that the 

atient remain recumbent for half an hour after injection. In ambulatory patients, the 
sos pressure should be measured with the patient standing before surveillance is 
ended. 

Since repeated administration of HYPERSTAT I.V. Injection can lead to sodium and 
water retention, administration of a diuretic may be necessary both for maximal 
blood pressure reduction and to avoid congestive failure. 


How Supplied HYPERSTAT I.V. Injection is supplied in a 20 ml. ampule containing 
diazoxide 300 mg. in a clear, colorless aqueous solution; box of one ampule. 
Protect from light and freezing. 
Store away from heat. 
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Schering Corporation 


SWW-4940 Kenilworth, N.J. 07033 ' 


" Yesterday. The Honeywell patient care commitment began more than 
ur a len Care 15 years ago. We recognized that physiological data systems must consist. 
of more than just good hardware, that our commitment to you and 


better patient care must be total. 


& 
commitment Today. Honeywell products for health care can be found in 
mae cardiovascular diagnostic, surgical monitoring facilities, hospital data 


centers and clinical laboratories all over the world. 
Our commitment includes six different physiological data systems: 
l r ay, 0 ay phonocardiography, echocardiography, catherization, surgery, surgical 
| intensive care and a G.I. motility system. Each medical-engineered and 
supported by Honeywell application specialists. Our commitment includes 
an Ó OITOW professional training for your people and a choice of several 
E comprehensive service programs. 


jS Lie \ 
Tomorrow. Tomorrow’s biomedical monitoring systems are being 
built now in Honeywell R&D facilities . . . to make your job easier, to make 
diagnosis more accurate and to help assure the most modern patient care. 
For more information, please call or write Stan Edwards, Physiological 
Data Systems, Honeywell Test Instruments Division, P.O. Box 5227, 
Denver, CO 80217. (303) 771-4700. 
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Inderal often enables more activity 
with less pain 





can permit a more normal life 


INDERAL (propranolol hydrochloride) often 
improves exercise tolerance, and thus enables the 
responsive patient to do more with less pain.When 
the diagnosis of angina pectoris has been carefully 
established, and after failure of an adequate trial of 
such conventional measures as weight control, 
cessation of smoking, rest, avoidance of 
precipitating factors, and sublingual nitroglycerin, 
INDERAL may be added to the regimen of selected 
patients with moderate to severe angina pectoris. 
Patients selected to receive INDERAL must not 
have existing heart failure or bronchial asthma; and 
all contraindications, warnings, and precautions 
should be carefully observed (see “Guidelines for 
using INDERAL- on following page). 

INDERAL should not be continued unless 
there is reduced pain or increased work 
capacity. 


decreases myocardial 
oxygen demand When physical effort 


or other precipitating factors cause excessive 
catecholamine stimulation of the heart, the 
demand for oxygen may exceed capacity for 
delivery of oxygen in acoronary circulation 
compromised by atherosclerosis. The result— 
anginal pain. 

Thus, in responsive patients, the net effect of 
INDERAL is to reduce cardiac work (rate x force 
of contraction) so that oxygen demand can be met 
more adequately by a reduction of sympathetically 
induced increases in heart rate, systolic blood 
pressure and velocity of contraction. 

On the other hand, propranolol may increase 
oxygen requirements by increasing left ventricular 


Inderal 
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fiber length, end diastolic pressure, and systolic 
ejection period. 

If the net physiologic effect of beta-adrenergic 
blockade in angina is advantageous, it would be 
expected to manifest itself during exercise by 
delayed onset of pain due to the decreased oxygen 
requirement. 


to reduce [Odl[! Reduction in anginal 
pain, as indicated either by fewer anginal attacks, 
more pain-free days, or lowered consumption of 
nitroglycerin tablets, has been clearly 
demonstrated in 29 clinical studies. One other 
study reported that propranolol was noteffective.° 
The results showed that approximately three- 
quarters of the patients had less pain and used 
less nitroglycerin when taking INDERAL than on 
placebo. 


and increase work Capacity in14 


of 17 controlled clinical trials, INDERAL was shown 
to increase work capacily.^9.10.12.19,15, 18,16. SaaS ae 

In one of these investigations, an eight week 
double-blind crossover study,’ the effects of 
propranolol hydrochloride were evaluated in 19 
(18 male, 1 female) patients with rigorously 
documented angina pectoris of at least six months 
duration with a minimum of five episodes per 
week, and a positive Master 2-step test. “The 
number of episodes of pain was reduced, 
nitroglycerin consumption was decreased, and 
exercise tolerance was increased." 


Ayerst. 


Oiooranolol hydrochloride 


Tablets TO mg, 40mg. and 80 mg. 


(See last two pages of advertisement for prescribing information.) 
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.. Guidelines for using Inderal 


i; - Selection of patients 


INDERAL is indicated for selected patients with 
moderate to severe angina pectoris who have failed to 
respond to an adequate trial of conventional measures, 
including weight control, cessation of smoking, rest, 
avoidance of precipitating factors, and su blingual 
nitroglycerin. INDERAL should not be used in patients 
with angina which occurs only with considerable effort 
or with infrequent precipitating factors. 

INDERAL has a widespread pharmacologic action 
and therefore a potential for adverse effect. The 
diagnosis of angina should therefore be more 
carefully established before instituting INDERAL than 
may be warranted before beginning conventional 
therapy. Due consideration must be given to the 
contraindications and warnings associated with 
beta-adrenergic blockade. 


adequate and individualized 


osage Dosage must be individualized. 
Starting with 10-20 mg. three or four times daily, before 


meals and at bedtime, dosage should be gradually 


increased at three to seven day intervals until optimum 
response is obtained. Although individual patients may 
respond at any dosage level, the average optimum 
dosage appears to be 160 mg. per day.The value and 
safety of dosage exceeding 320 mg. per day have not 
been established. 

If treatment is to be discontinued, reduce dosage 
gradually over a period of several weeks. 


(See WARNINGS.) 


role of congestive heart failure 


Inhibition with beta-blockade carries the potential 
hazard of depressing myocardial contractility and 
precipitating cardiac failure in patients either with or 
without a history of cardiac failure. INDERAL is 
contraindicated in patients with congestive heart failure 
and heart block unless the failure is secondary to a 
tachyarrhythmia treatable with INDERAL. (See 
WARNINGS.) 


At the first sign or symptom of impending cardiac 
failure, patients should be fully digitalized, and the 
response observed closely. If cardiac failure continues. 
propranolol should be withdrawn, keeping in mind the 
need to avoid abrupt withdrawal unless required by 
overriding clinical considerations. 


(propranolol hydrochloride) 


avoid aoruot withdrawal 


O Inderal There have been reports of 
exacerbation of angina and of myocardial infarction 
occurring in angina pectoris patients following abrupt 
discontinuation of INDERAL therapy. The patient should 
be cautioned against interruption or cessation of 
therapy without his physician's advice. When 
discontinuance of chronically administered INDERAL 

is planned, the dosage should be gradually reduced 
over a period of weeks and the patient should continue 
to be carefully monitored. 


most patients need 
about lóOmg.a day 


DURATION OF THERAPY 29.43: 16.5 MONTHS (MEAN € S.D). 
NUMBER OF PATIENTS: 89 


NUMBER OF PATIENTS 





120-159 


201-240 


160-200 more than 


DOSE (mg./day) 240* 
Atter Amsterdam, Gorlin, and Wolfson? 


less than 
120 


Effective dosage range in 89 patients with angina pectoris who benefited 
from INDERAL. The largest group reacted well to between 160 and 
200 mg. of INDERAL per day 


* The value and safety of daily doses of more than 320 mg. have not been 
established. See DOSAGE AND ADMINISTRATION and OVERDOSAGE 
OR EXAGGERATED RESPONSE. . 
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BRIEF SUMMARY 


(For full prescribing information, see package circular.) 





Inderal 


Brand of propranolol hydrochloride 


A beta-adrenergic blocking agent 






BEFORE USING INDERAL (PROPRANOLOL HYDROCHLOR- 
IDE), THE PHYSICIAN SHOULD BE THOROUGHLY 
FAMILIAR WITH THE BASIC CONCEPT OF ADREN- 
ERGIC RECEPTORS (ALPHA AND BETA), AND THE 
PHARMACOLOGY OF THIS DRUG. 








ACTIONS: INDERAL is a beta-adrenergic receptor 
blocking drug, possessing no other autonomic nervous 
system activity. It specifically competes with beta- 
adrenergic receptor stimulating agents for available 
beta receptor sites. When access to beta receptor sites 
is blocked by INDERAL, the chronotropic, inotropic, 


and vasodilator responses to beta-adrenergic 
stimulation are decreased proportionately. 

In dosages greater than required for beta blockade, 
INDERAL also exerts a quinidine-like or anesthetic-like 
membrane action which affects the cardiac action 
potential and depresses cardiac function. 

Propranolol is almost completely absorbed from the 
gastrointestinal tract, but a portion is immediately 
bound by the liver. Peak effect occurs in one to one and 
one-half hours. The biologic half-life is approximately 
two to three hours. There is no simple correlation 
between dose or plasma level and therapeutic effect, 
and the dose-sensitivity range as observed in clinical 
practice is wide. The principal reason for this is that 
sympathetic tone varies widely between individuals. 
Since there is no reliable test to estimate sympathetic 
tone or to determine whether total beta blockade has 
been achieved, proper dosage requires titration. 

Beta receptor blockade is useful in conditions in 
which, because of pathologic or functional changes, 
sympathetic activity is excessive or inappropriate and 
detrimental to the patient. But there are also situations 
in which sympathetic stimulation is vital. For example, 
in patients with severely damaged hearts, adequate 
ventricular function is maintained by virtue of 
sympathetic drive which should be preserved. In the 
presence of AV block, beta blockade may prevent the 
necessary facilitating effect of sympathetic activity 
on conduction. Beta blockade results in bronchial 
constriction by interfering with adrenergic 
bronchodilator activity which should be preserved in 
patients subject to bronchospasm. 

The proper objective of beta blockade therapy is to 


‘See SELECTION OF PATIENTS on opposite page. 


decrease adverse sympathetic stimulation but not to 
the degree that may impair hecessary sympathetic 
support or vital functional balances. 

Propranolol exerts its antiarrhythmic effects in 
concentrations associated with beta-adrenergic 
blockade and this appears to be its principal 
antiarrhythmic mechanism of action. The membrane 
effect also plays a role, particularly, some authorities 
believe, in digitalis-induced arrhythmias. Beta- 
adrenergic blockade is of unique importance in the 
management of arrhythmias due to increased levels of 
circulating catecholamines or enhanced sensitivity of 
the heart to catecholamines (arrhythmias associated 
with pheochromocytoma, thyrotoxicosis, exercise). 

Propranolol may reduce the oxygen requirement of 
the heart at any given level of effort by blocking 
catecholamine-induced increases in heart rate, systolic 
blood pressure, and the velocity and extent of 
myocardial contraction. On the other hand, propranolol 
may increase oxygen requirements by increasing left 
ventricular fiber length, end diastolic pressure, and 
systolic ejection period. 

If the net physiologic effect of beta adrenergic 
blockade in angina is advantageous, it would be 
expected to manifest itself during exercise by delayed 
onset of pain due to decreased oxygen requirement. 


INDICATIONS: Angina Pectoris due to Coronary 
Atherosclerosis 

The initial treatment of angina pectoris involves weight 
control, rest, cessation of smoking, use of sublingual 
nitroglycerin, and avoidance of precipitating 
circumstances. INDERAL is indicated in selected patients 


(Prescribing information continued 
on following page.) 
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Se pectoris who have not = adequate cardiac function, beta blockade will impair Respiratory: bronchospasm. à 
1 j to these conventional measures. —— 1^ à thedesired inotropic effect. Therefore, INDERAL Hematologic: agranulocytosis, non- 
is lol should not be used in pi ients with angina should be titrated carefully when administered for thrombocytopenic purpura, thrombocytopenic 
RE, which o onl) considerable effort or with arrhythmias occurring during anesthesia. purpura. A 
VS infrequent precipitati MAP EUR, -IN PATIENTS UNDERGOING MAJOR SURGERY, beta Miscellaneous: reversible alopecia. 
Rice |NDERAL exerts both favorable and unfavorable _ blockade impairs the ability of the heart to respond to Clinical Laboratory Test Findings: Elevated blood 

—... effects, the preponderance of which may be beneficial. reflex stimuli. For this reason, with the exception of urea levels in patients with severe heart disease, 

Peta fest apie EORI INDERA should not be panoehramoeytoma, INDERAL should be withdrawn 48 elevated serum transaminase, alkaline phosphatase, 
ee ntinued unless there is reduced pain or increased ours prior to surgery, at which time all chemical and lactate dehydrogenase. - 
Muro. MK ADAE E physiologic effects are gone according to available | 

AX otis _ Because of the potential for adverse results, evidence. However, in case of emergency surgery, since DOSAGE AND ADMINISTRATION: The oral route 

ai treatment should be carefully monitored. The patient INDERAL is a competitive inhibitor of beta receptor of administration is preferred. 
- —. Should also be reevaluated periodically since the agorasts; its effects can be reversed by administration L 
. dosage requirement and the need to continue INDERAL of such agents, e.g. isoproterenol or levarterenol. ANGINA PECTORIS — Dosage must be individualized. 
. . may be altered DY clinical exacerbations or remissions. However, such patients may be subject to protracted Starting with 10-20 mg. threeʻor four times daily, d 
—.... (See DOSAGE AND ADMINISTRATION.) ; severe hypotension. Difficulty in restarting and before meals and at bedtime, dosage should be 
»... _ Additional studies of the effects of INDERAL in angina ^ maintaining the heart beat has also been reported. gradually increased at three to seven day intervals _ 
- ... pectoris patients are in progress to better evaluate and IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM until optimum response is obtained. Although individual 
en  definethe proper role of INDERAL in this condition. (e.g. CHRONIC BRONCHITIS, EMPHYSEMA), INDERAL should patients may respond at any dosage level, the average 
! be administered with caution since it may block optimum dosage appears to be 160 mg. per day. The 
CONTRAINDICATIONS: INDERAL is contraindicated bronchodilation pranan by endogenous and value and safety of dosage exceeding 320 mg. per 
iñ: 1) bronchial asthma; 2) allergic rhinitis during the exogenous catecholamine stimulation of beta day have not been established. 
.. — pollen season; 3) sinus bradycardia and greater than receptors. If treatment is to be discontinued, reduce dosage 
- —- first degree block; 4) cardiogenic shock; 5) right DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: gracua y over a period of several weeks. (See 
~ ventricular failure secondary to pulmonary Because of its beta-adrenergic blocking activity, WARNINGS.) 
= hypertension; 6) congestive heart failure (see INDERAL may prevent the appearance of premonitory PEDIATRIC DOSAGE 
— WARNINGS) unless the failure is secondary to a signs and symptoms (pulse rate and pressure changes) At this time the data on the use of the drug in this 
tachyarrhythmia treatable with INDERAL; 7) in patients of acute hypoglycemia. Especially important with age group are too limited to permit adequate 

—- —. onadrenergic-augmenting psychotropic drugs labile diabetics. directions for use. 

~ —' (including MAO inhibitors), and during the two week USE IN PREGNANCY: The safe use of INDERAL in human 
^... -. withdrawal period from such drugs. pregnancy has not been established. Use of any drug OVERDOSAGE OR EXAGGERATED RESPONSE: . 
E nnd | in pregnancy or women of childbearing potential IN THE EVENT OF OVERDOSAGE OR EXAGGERATED 

f WARNINGS: CARDIAC FAILURE: Sympathetic requires that the possible risk to mother and/or fetus RESPONSE, THE FOLLOWING MEASURES SHOULD BE t, 

x r ; stimulation is a vital component supporting circulatory be weighed against the expected therapeutic benefit. EMPLOYED: FANS 

i function in congestive heart failure, and inhibition with | BRADYCARDIA—ADMINISTER ATROPINE(0.25t0 — — 
_beta-blockade always carries the potential hazard of PRECAUTIONS: Patients receiving catecholamine L0 mg.): IF THERE IS NO RESPONSE TO VAGAL > 
= further depressing myocardial contractility and depleting drugs such as reserpine should be closely BLOCKADE, ADMINISTER ISOPROTERENOL Hea 

— — precipitating cardiac failure. INDERAL acts selectively observed if INDERAL is administered. The added CAUTIOUSLY AXN Tu 

— — without abolishing the inotropic action of digitalis on catecholamine blocking action of this drug may then CARDIAC FAILURE — DIGITALIZATION AND ud 
— the heart muscle (/.e. that of supporting the strength produce an excessive reduction of the resting DIURETICS Tw: 

- . of myocardial contractions). However, the inotropic sympathetic nervous activity. Occasionally, the HYPOTENSION — VASOPRESSORS, eg: , 

'. -- action of digitalis may be reduced by INDERAL's opposite proe activity of INDERAL may produce LEVARTERENOL OR EPINEPHRINE (THERE IS 5 

= — jnotropic effect. The effects of INDERAL and digitalis are hypotension and/or marked bradycardia resulting in EVIDENCE THAT EPINEPHRINE IS THE DRUG OF " 

; additive in depressing AV conduction. vertigo, syncopal attacks, or orthostatic hypotension. CHOICE.) bl 

d -|N PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, As with any new drug given over prolonged periods, BRONCHOSPASM —ADMINISTER ISOPROTERENOL 

a continued depression of the myocardium over a period laboratory parameters should be observed at regular AND AMINOPHYLLINE 

" ——oOftime can, in some cases, lead to cardiac failure. In intervals. The drug should be used with caution in 
mor rere instances, this has been observed during patients with impaired renal or hepatic function. HOW SUPPLIED 
—— INDERAL therapy. Therefore, at the first sign or INDERAL 
symptom of impending cardiac failure, patients should ADVERSE REACTIONS: Cardiovascular: bradycardia; (propranolol hydrochloride) 

ME an Ley ta and s bog nto v veas closely: congestive heart fail Mi jii agi of AV block; TABLETS $2.58 
^ . (aif cardiac failure continues, INDERAL therapy must hypotension; paresthesia of hands; arterial x f 
Aa == beimmediately withdrawn; (b) if tachyarrhythmia is insufficiency, usually of the Raynaud type; m drole DANA of 100 and 1 000. Also in 
e being controlled, patients should be maintained on thrombocytopenic purpura. unit dose package of 100 ges à 
-combined dosage and the patient closely followed Central Nervous System: lightheadedness, mental No. 464 — Each tablet contains 40 mg. of propranolol 
H until threat of cardiac failure is over. depression manifested by insomnia, lassitude, hydrochloride, in bottles of 100 m 1 boo Rise in 
-IN PATIENTS WITH CORONARY ARTERY DISEASE AND/OR weakness, fatigue; reversible mental depression unit dose package of 100 ane 
his ANGINA PECTORIS, when discontinuance of chronically rogressing to catatonia; visual disturbances; No. 468— Each tablet contains 80 mg. of propranolol - 
E administered INDERAL is planned, the dosage should be allucinations; an acute reversible syndrome hydrochloride, in bottles of 100 Aa 1 EnO Ale 3 

-. gradually reduced over a period of several weeks and characterized by disorientation for time and place, unit dose package of 100 Mei * 
[ae the patient should continue to be carefully monitored. ^ shortterm memory loss, emotional lability, slightly INJECTABLE 
ied There have been reports of exacerbation of angina clouded sensorium, and decreased performance on No. 3265 — Each cc. contains 1 mg. of propranolol 
-and myocardial infarction occurring following abrupt ^ neuropsychometrics. hydrochloride in Water for injection. The t > 
E .. . discontinuation of INDERAL therapy. Gastrointestinal: nausea, vomiting, epigastric is adjusted with citric acid. Supplied as: 1 cc. ampulsin 
3 __ IN PATIENTS WITH THYROTOXICOSIS, possible deleterious distress, abdominal cramping, diarrhea, constipation. boxes of 10. ye M 

-~ - effects from long term use have not been adequately Allergic: pharyngitis and agranulocytosis, 

_ appraised. Special consideration should be given to erythematous rash, fever combined with 


- propranolol's potential for aggravating congestive aching and sore throat, laryngospasm 
. heart failure. Propranolol may mask the clinical signs and respiratory cistress. 
- ef continuing hyperthyroidism or complications and 


® e 
n era E 
.. give a false impression of improvement. Propranolol 


~- does not distort thyroid function tests. | | h c H id 
— c. [N PATIENTS WITH WOLFF-PARKINSON WHITE SYNDROME, (proprano O M [OC Orl € 
several cases have been reported in which, after 
T M atia ; is ves d rhe "es ee by a severe = 
-——— —- bradycardi uiring a demand pacemaker. In one 
case this resulted after an initial dose of 5 mg. for selected patients 
_ = propranolol. ` esii 
IN PATIENTS DURING ANESTHESIA with agents that k ode = £^ 
RA. ji require catecholamine release for id cotidie of wit m rate to severe angina pectoris 
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HO E TA AYERST LABORATORIES 


One of the most powerful weapons 


ee 


in man's fight against cholesterol. 


A low saturated fat/low cholesterol diet can be effective, 
easy to maintain and delicious with the help of Fleischmann's? Margarine and 
Egg Beaters,” Fleischmanns cholesterol-free egg substitute. 


Of all leading margarines. only EN. eu saturated fat. We even have free recipe 
Fleischmanns is made from 100% corn | ade kon EM booklets to aive patients lots of ideas on 
oil. And clinical tests show corn oil is tS sal - E cc C sensible eating. To receive yout sample 
unsurpassed in lowering serum choles- = 3 PA € copy of Dietary Control ol Cholesterol 
terol levels. Fleischmanns Margarine x d ve 0. 4 and Cooking with Egg Beaters, write 
brings that corn oil goodness and deli- : P Qi. Com Hl Lo ND ET to Fleischmanns, P.O. Box 1538, Elm 
cious taste to your patients diets. cn o — | ae 4 p ^ City, North Carolina 21898. Allow 4-6 
Egg Beaters, Fleischmanns cholesterol. j pe ust i S fee weeks for delivery. Offer good only in 
free egg substitute. lets patients enjoy G N we oe E B (USA. while supply lasts. Address must 
the taste and nutrition of eggs. but no 3 DW n include zip code. Void where prohibited. 
cholesterol. Yes. Fleischmanns helps a : j | 
butter-and-egg man enjoy a delicious, 


m Fleischmann's makes sensible eating delicious. 
sensible diet thats low in cholesterol and N aa Fine products of Shandard Brands 








DAU JFE M/L 1 

IHE FIRST RESCUE 

SYSTEM AS FLEXIBLE AS THE 
PEOPLE WHO USE IT: 


If there’s one thing you can 
sure of in cardiac rescue, it’s 
at you can't be sure of anything. 

Every situation, either in the 
ospital or in the field, presents 
ew problems, and requires new 
lutions. 

At Datascope, we've been in 
mergency medicine since its 
nception. 

Our equipment has faced just 
bout everything. And from that 
xperience we've put together a 
ystem that's prepared to face 
nything: the M/D2 System. 

The M/D2 System is built on 
ne very simple principle. Every 
nstrument in the system must be 
ndependent and not compro- 
ised by any other instrument. 

In keeping with this philoso- 
hy, our monitor, our defibrillator 
nd our strip-chart recorder each 
ave a separate battery source. 

e unit never puts a drain on 
another. 

But to see its flexibility, let's 
take our system apart, instrument 
by instrument. 


OUR MONITOR. 


The monitor in the M/D2 
System nests inside the defibril- 
lator. You can carry the monitor 
and defibrillator, use it, and store 
it as one unit. 

But the monitor pulls out'of 
the M/D2 case and works as a 
separate unit as well. So it can be 
placed right ona patient's stretcher 
in the field. Or put in the most 
advantageous viewing position at 
the bedside. 

















"U.S. PATENT 3,865,101 | 





In addition to being so flex- 
ible, our monitor outperforms any 
monitor in emergency medicine. 

It has a 5-inch scope with a 
8 x 11 cm. viewing area. 





It has a memory which pro- 
vides a bright, non-fade display 
that's remarkably clear even in 
strong sunlight. 

It has a freeze button which 
lets you stop the ECG for closer 
study. 

Its the only emergency moni- 
tor with a digital heart rate read- 
out. And because the readout is 
an LED display, you can even read 
it in the dark. 


OUR DEFIBRILLATOR. 


Like our monitor, our defib- 
rillator has its own battery-pack. 

Itstheonly defibrillator made 
that gives you a digital energy 
meter. Which displays both stored 
energy and the results of delivered 
energy tests. 





The defibrillator is exception- 
ally safe. A warning tone sounds 
when the selected energy level is 
reached. 

Energy cannot be delivered 
unless the push-button switch 
on each paddle is actuated 
simultaneously. 

The energy within the defib- 


rillatorisautomatically discharged 


when the unit is turned off. 


F. or Edd use, the M/D2 . 
is available completely shielded 
against RF interference across 
the entire communications band. 


OUR RECORDER. 


Our recorder is flexible as 
well. It's carried separately and 
powered separately. (For good 
reason. A recorder powered by a 
common battery putsanenormous - 





à 


i 


drain on the other instruments in E 


the system.) 

Our recorder weights only 11 
pounds. And when you're using 
our monitor outside the M/D2 
case, our recorder fits right into 
the space the monitor vacated. 


Which allowseveneasier transport. — 


OUR RAPID CHARGER. 
Although the M/D2 comes 


with a standard battery recharger, ~ 


we Offer the first rapid recharging 
unit as part of our system. Our 
Rapid Charger allows you to de- 
fibrillate with just 60 seconds of 
recharge. And in just 10 minutes 


4 


it will recharge the defibrillator to | 


at least 6076 of total capacity. 


THE SYSTEM. IT'S MORE 
THAN ANY OFITS PARTS. 


Three independent units. 


Three independent battery-packs. | 


And a Rapid Charger. They work 
together, or apart. They give you 
more ability to react than any 
single unit ever could. 

For more information on the 
M/D2 System, write: Datascope 
Corp., 580 Winters Avenue, 
Paramus, N.J. 07652. 


THE DATASCOPE 


M/D2 
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The art of antianginal therapy 


For centuries, treating the heart’s ills has been the subtlest of 
arts. Even today, evaluating a drug for chronic angina 
pectoris involves the art of medicine as well as its science. 


During more than a decade of clinical experience, 
compounding both science and art, Persantine has often 
been found useful in the long-term management of chronic 
angina pectoris.* It may: 

eliminate or reduce the frequency of anginal attacks 


—— 


improve exercise tolerance 


reduce nitroglycerin requirements 


Give enough, long enough —The recommended dosage: 
50 mg t.i.d. at least one hour before meals for several 
weeks or longer. 


Persa ntine ros of 25 mg 


dipyridamole 





- One of a series of paintings of 
the heart in the style of 
well-known artists. 


. The Heart...in the style of 
Vincent van Gogh (1853-1890) 


He created paintings and draw- 
ings of uncommon luminosity 
and dynamism. His works, 
marked by profound emotions 
and a stirring power of expres- 
sion, had a decisive influence 
on all of modern painting. 





*INDICATIONS- Based on a review of 
this drug by the National Academy of 
Science-National Research Council 
and/or other information, FDA has clas- 
sified the indication as follows: 
















“Possibly” effective: For long-term ther- 
apy of chronic angina pectoris. 
Prolonged therapy may reduce the fre- 
quency or eliminate anginal epi- 

sodes, improve exercise tolerance, and 
reduce nitroglycerin requirements. The 
drug is not intended to abort the acute 
anginal attack. 


Final classification of the less-than- 
effective indications requires further 
investigation. 


CONTRAINDICATIONS — No specific contra- 


indications are known. 


ve 


PRECAUTIONS — Since excessive doses can 
produce peripheral vasodilation, the drug 
should be used cautiously in patients with 
hypotension. 


ADVERSE REACTIONS — Adverse reactions 
are minimal and transient at recommended 
dosages. Instances of headache, dizziness, 
nausea, flushing, weakness or syncope, mild 
gastrointestinal distress and skin rash have 
been noted during therapy. Rare cases of 
what appeared to be an aggravation of an- 


gina pectoris have been reported, usually at : 


the initiation of therapy. On those uncom- 
mon occasions when adverse reactions have 
been persistent or intolerable, with- 

drawal of medication has been followed 
promptly by cessation of undesirable 
symptoms. 


DOSAGE AND ADMINISTRATION —The rec- 
ommended dosage is 50 mg. (2 tablets) 
three times a day, taken at least one hour 
before meals. In some cases higher doses 
may be necessary but a significantly in- 
creased incidence of side effects is asso- 
ciated with increased dosage. Clinical 
response may not be evident before the sec- 
ond or third month of continuous therapy. 


For complete details, please see the tull 
prescribing information. 


AN 
alll 
BOEHRINGER 
IMBELHEIM 


Boehringer Ingelheim 
Boehringer Ingelheim Ltd. 
Elmsford, N.Y. 10523 


PREM ETL ELT Hg. OR 
^ + E "e. 3 Y. d -* * 


. ue - 
fi 
hs 


fv AvT 
i $ eya ” M 
ubt n Pu 
ES UR m uu 


-s 


- 
X 


i 
: 


å 


4 
Y 






ac RC 


Ej EI 
. + 7+. - 
E E 4 À "a . 
- ~ To A MN . . ii x 
+65 ^ 21:29 o ~ "EN eit yer 
SARS D dp EI is 


Ga - 
ae ve: 


^ 





WAX: WHAT IT DID 

FOR THE 
HONEYCOMB 

IT NOW DOES FOR 
POTASSIUM CHLORIDE. 


WARREN-TEED ANNOUNCES 


(potassium chloride) 


— Potassium chloride imbedded in a wax matrix 

to provide controlled release, thus minimizing possible 
high local concentration of potassium ion near the 
bowel wall. The newest idea in potassium 

chloride supplements is as old as the beehive. 

Wax... provides an effective vehicle to imbed KC! 





New Kaon-CL Tabs” 


"i 
(potassium chloride) m The controlled release 
prolong the release of KCI to minimize bis KCI Tablet that protects your 


the likelihood of procucing high localized patients on diuretics or digitalis 
concentrations of potassium within the G.I. tract... 


m against hypokalemia due to potassium depletion 


protect your patient from the risk of hypoka- that cannot be adequately replaced by diet alone 


lemia or digitalis intoxication due to potassium 


depletion that diet alone cannot correct... m against the inconvenience To —and often 


e confusion over— dilution of liquid supplements 
promote adherence to medication schedule q pp 


by relieving the patient of the inconvenience m from taste-fatigue associated with liquids 
of liquids... 


l Dosage: Prophylactic: 20 mEq. daily (1 tab T.I.D.) 
Three-way convenience Therapeutic: 40-100 mEq. daily 


for your patients on KCI Supplements... »ee following page for brief summary. 
because there's no palatability problem 
because there's no dilution problem 


because tablets are physically easier to 
carry—and to take—than liquids... 


an especially welcome advantage WARREN-TEED A^ 


away from home—encouraging adherence PHARMACEUTICALS INCORPORATED 
A : SUBSIDIARY OF ROH™M AND HAAS COMPANY 
enia ZNel(- e =ebt=ellsai=a 
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Warren-Teed® 
.KAON-CL TABS™ 
eo (Potassium Chloride) 

Description: Kaon-CL Tabs is a sugar coated (not enteric-coated) 
tablet containing 500 mg. potassium chloride (equivalent to 6.67 
iyd patai chloride) in a wax matrix. This formulation is in- 
tended to provide a controlled release of potassium from the matrix 
to minimize the likelihood of producing high localized concentra- 
tions of potassium within the gastrointestinal tract. 

Indications: Kaon-CL Tabs is indicated for the treatment of potas- 
sium depletion in patients with hypokalemia and metabolic alkalo- 
sis, and for the treatment of digitalis intoxication. During therapy 
serum potassium levels should be monitored and the dosage ti- 
trated to achieve the desired clinical and laboratory effects. 
Kaon-CL Tabs is also indicated for the prevention of potassium de- 
pletion when the dietary intake of potassium is inadequate for this 
purpose. The prophylactic administration of potassium ion may be 
indicated in patients receiving digitalis and diuretics for the treat- 
ment of congestive heart failure, hepatic cirrhosis with ascites, 
patients with hypertension on long-term diuretic therapy, hyperal- 
dosteronism states with normal renal function, the nephrotic syn- 
drome, and certain diarrheal states. 

Contraindications: Potassium supplements are contraindicated in 
patients with hyperkalemia since a further increase in serum potas- 
sium concentration in such patients can produce cardiac arrest. 
Hyperkalemia may complicate any of the following conditions: 
Chronic renal failure, systemic acidosis such as diabetic acidosis, 
acute dehydration, extensive tissue breakdown as in severe burns, 
adrenal insufficiency, or the administration of a potassium-sparing 
diuretic (e.g., spironolactone, triamterene). 

Wax-matrix potassium chloride preparations have produced 
esophageal ulceration in certain cardiac patients with esophageal 
compression due to enlarged left atrium. Potassium supplementa- 
tion, when indicated in such patients, should be with a liquid 
preparation. 

Warnings: In patients with impaired mechanisms for excreting po- 
tassium, the administration of potassium salts can produce hyper- 
kalemia and cardiac arrest. This occurs most commonly in patients 
given potassium by the intravenous route but may also occur in 
patients given potassium orally. Potentially fatal hyperkalemia can 
develop rapidly and be asymptomatic. The use of potassium salts 
in patients with chronic renal disease, or any other condition which 
impairs potassium excretion, requires particularly careful monitoring 
of the serum potassium concentration and appropriate dosage 
adjustment. 

ypokalemia should not be treated by the concomitant adminis- 
tration of potassium salts and a potassium-sparing diuretic (e.g., 
spironolactone or triamterene) since the simultaneous administra- 
tion of these agents can produce severe hyperkalemia. 

Potassium chloride tablets have produced stenotic and/or ulcera- 
tive lesions of the small bowel and deaths. These lesions are 
caused by a high localized concentration of potassium ion in the 
region of a rapidly dissolving tablet, which injures the bowel wall 
and thereby produces obstruction, hemorrhage, or perforation. 
Kaon-CL Tabs (potassium chloride) is a wax-matrix tablet formu- 
lated to provide a controlled rate of release of potassium chloride 
and thus to minimize the possibility of a high local concentration of 
potassium ion near the bowel wall. While the reported frequency of 
small bowel lesions is much less with wax-matrix tablets (less than 
one per 100,000 patient-years) than with enteric coated potassium 
chloride tablets (40-50 per 100,000 patient-years), a few cases asso- 
ciated with wax-matrix tablets have been reported. These data are 
from foreign marketing experience. Kaon-CL Tabs should be discon- 
tinued immediately and the possibility of bowel obstruction or per- 
foration considered if severe vomiting, abdominal pain, distention, 
or gastrointestinal bleeding occurs. 

Hypokalemia in patients with metabolic acidosis should be treated 


` with an alkalinizing potassium salt such as potassium bicarbonate, 


iotassium citrate, potassium acetate, or potassium gluconate. 
recautions: The diagnosis of potassium depletion is ordinarily 
made by demonstrating hypokalemia in a patient with a clinical 
history suggesting some cause for potassium depletion. In inter- 
preting the serum potassium level, the physician should bear in 
mind that acute alkalosis per se can produce hypokalemia, in the 
absence of a deficit in total body potassium, while acute acidosis 


.per se can increase the serum potassium concentration into the 


normal range even in the presence of a reduced total body potas- 
sium. The treatment of potassium depletion, particularly in the 
presence of cardiac disease, renal disease, or acidosis, requires 
careful attention to acid-base balance and appropriate monitoring 
of serum electrolytes, the electrocardiogram, and the clinical sta- 
tus of the patient. 
Adverse Reactions: The most common adverse reactions to oral 
potassium salts are nausea, vomiting, abdominal discomfort and 
diarrhea. These symptoms are due to irritation of the gastrointesti- 
nal tract and are best managed by diluting the preparation further, 
taking the dose with meals, or reducing the dose. 

The most severe adverse effects are hyperkalemia (see Contrain- 
dications, Warnings and Overdosage) and gastrointestinal obstruc- 


. tion, bleeding or perforation (see Warnings). 


Overdosage: The administration of oral potassium salts to persons 
with normal excretory mechanisms for potassium rarely causes seri- 
ous hyperkalemia. However, if excretory mechanisms are impaired 
or if potassium is administered too rapidly intravenously, poten- 
tially fatal hyperkalemia can result (see Contraindications and 
Warnings). It is important to recognize that hyperkalemia is usually 
asymptomatic and may be manifested only by an increased serum 
potassium concentration and characteristic electrocardiographic 
changes (peaking of T-waves, loss of P-wave, depression of S-T 
segment, and prolongation of the QT interval). Late manifestations 
include muscle-paralysis and cardiovascular collapse from cardiac 
arrest. 

Dosage and Administration: Dosage must be adjusted to the indi- 
vidual needs of each patient but is typically in the range of 20 mEq. 
per day for the prevention of hypokalemia to 40-100 mEq. per day or 
more for the treatment of potassium depletion. 

One Kaon-CL Tabs three times daily provides 20 mEq. of potas- 
sium chloride. Two Kaon-CL Tabs three times daily provides 40 
mEq. of potassium chloride. ; 

Caution: Federal law prohibits dispensing without prescription. 


_ WARREN-TEED 
PHARMACEUTICALS INCORPORATED 
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The prognosis of 141 patients with obstructive left main coronary ar- . 
tery disease was studied. The patients were followed up for 5 to 10 d 
years from the date of coronary arteriography. The 5 year cardiac © 
mortality rate was 51 percent. During the first 3 years after diagnosis, — 
the mortality rate was especially high, 21.9, 34.7 and 43 percent, re- - 
spectively. Among patients who died in the 1st year after diagnosis, - 
evidence of left ventricular hypertrophy or conduction delay in the - 
electrocardiogram and multiple vessel involvement indicated poor ES 
prognosis. Severe angina pectoris, evidence of congestive heart failure - 
and generalized decrease in left ventricular contractility increased the | 
5 year mortality rate. More than 97 percent of the total patient popula- - 
tion had additional lesions elsewhere in the coronary arteries. — BY 


44 


The left main coronary artery supplies branches to most of the left 
ventricle. An obstructive lesion involving this vessel suggests a poor 
prognosis. Recent studies!-? have tended to support the impression 
that patients with this lesion constitute a high risk group. A long- 
term progress study of a large population of patients who did not. 
have surgical intervention is not available. à 


Selection of Patients and Methods 


Patients who had coronary arteriography from January 1961 through De- 
cember 1966 were selected for this study. Those included had at least 50 per- 
cent narrowing of the left main coronary artery and had no coronary surgery 
within 5 years from the date of coronary arteriography. Patients with congen- 
ital or rheumatic heart disease were excluded. The objective was to obtain a 
minimal follow-up period of 5 years for all patients who had not undergone 
surgery during that time. One hundred forty-one consecutive patients ful- 
filled the selection criteria; all were successfully followed up for a minimum. 
of 5 years, and 96 percent were followed up for 6 years. These patients con- 
stituted 6 percent of the subjects with obstructive disease by coronary arteri- 
ography. | 

All patient data were coded before follow-up information was collected. 
Clinical symptoms were classified according to previously established crite- 
ria.* A diagnosis of hypertension was made if at the time of admission for cor- 
onary arteriography the systolic blood pressure was 150 mm Hg or more, or 
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tion of follow-up of those alive after 5 years is due to the difference catheterization findings. The rates are higher in patients with four 
dr dates of arteriography. vessel disease and in those with generalized decreased contractility 
Pa Zc E uos of the left ventricle. 
E 1 Between 5 Year Cardiac Mortality Rate the diastolic pressure was 100 mm Hg or more. The ob- 
EN S s uu 4 struction in the coronary arteries was classified as 50 to less 
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uh vessel involvement 50 (22) 48(25) 33(3) 90 (11) formed manually. 
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tients died in the follow-up period and 43 survived. 
The patients with longer follow-up periods had arte- 
riography performed at earlier dates. 

Clinical features: The clinical data on those who 
died within 5 years and on those who survived were 
compared. The ages ranged from 26 to 63 years 
(mean 53 years) in 7 women and from 32 to 72 years 
(mean 52 years) in 134 men. The ratio of slightly 
greater than 19 men to 1 woman is higher than the 
ratio of 8.2 men to each woman in a previous progress 
study? of unselected patients. Hypertension was 
noted in 34 percent of the patients and, although the 
number of cases was small, there was no apparent 
' difference between the incidence of hypertension in 
survivors and nonsurvivors. The serum cholesterol 
value at the time of admission for coronary arteriog- 
raphy was also not significantly different in the two 
groups. 

Mortality and arteriographic findings: The 5 
year cardiac mortality rate correlated with the cardi- 
ac catheterization findings (Fig. 2). The degree of ob- 
struction of the left main trunk did not appear to af- 
fect the 5 year mortality rate. Since more than 97 
percent of the patients had multiple arterial involve- 
ment, the mortality in patients with lesser degrees of 
narrowing could be explained on this basis. Because 
only four patients had isolated left main coronary ar- 
tery disease, comparison of their data with those of 
patients who have additional lesions is difficult. Dif- 
fuse involvement, as exemplified by four vessel dis- 
ease, appears to have a high mortality rate. Patients 
with generalized decreased contractility of the left 
ventricle have a poor prognosis (75 percent 5 year 
mortality rate). The presence of a localized abnor- 
mality in contractility did not make a significant dif- 
ference in mortality when data in affected patients 
were compared with those in patients with a normal 
left ventriculogram. 

When the number of vessels involved and the left 
ventriculogram were correlated with the 5 year mor- 
tality rate, the rate was highest in the category with 
multiple vessel involvement combined with diffuse 
decrease in contractility (85 and 90 percent mortality 
rate in three and four vessel involvement, respective- 
ly, Table I). Left ventriculograms were not made in 
22 patients whose data were therefore not included in 
the correlation. Because the value of left ventriculog- 
raphy was not appreciated at the time, it was not rou- 
tinely performed in our early experience. Intercoro- 
nary collateral formation was present in 89 patients 
(63 percent). Those who died within 5 years tended 
to have more frequent demonstrable collateral ves- 
sels (right to left as well as left to right), but the dif- 
ference was insignificant (49 to 73 versus 40 to 68). 

The 5 year cardiac mortality rate for the whole 
group of patients was 51 percent (Table II). There 
were only 5 noncardiac deaths among the 98 deaths 
in the follow-up period. Thirty-one cardiac deaths, 
including three at catheterization, occurred in the 1st 
year after arteriography (43 percent of the 5 year car- 
diac mortality rate). Of 53 patients with severe left 
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TABLE Ill 

Comparison of Patients Who Died Within 1 Year and 

Between 1 and 5 Years, and Those Who Survived RES 

More Than 5 Years M 
Died A 





Died Between By 
Within land5 Aliveat - 
1 Year Years" | 5 Years” i 
DEMEURE E E EEE 604 t 0 
Number of patients 31 41 68 
Symptomst Y il 
Angina class 2 4 4 24 3 
Angina class 3 4 5 6 .^ 
Rest pain/coronary 15 26 32 p 
failure paint E 
Atypical pain 3 0 A UIN 
Congestive heart 5 6 2j 8 
failure 4 
Electrocardiogram E 
Normalt 9 13 33 d 
Repolarization 6 9 17 23 
disturbances | gi 
Myocardial 8 17 15-9 
infarction E 
Left ventricular 8f 2 3 
hypertrophy or b 
conduction delayt En. 
Coronary arterial M. 
narrowing (95) ON 
50—«75 - © 14 17 23°24 
75—«90 3 13 18 . 1 
90—« 100 13 11 26 78 
100 1 1 1:33 
Number of vessels 7M 
involved d 
1 (left main) 1 0 24 
2 6 6 13:79 
3 10 7 24. i 
4 14$ 28 29 3 
Left ventriculogram b 
Normal 11 10 25 
Local scar 9 14 22 43 
Aneurysm 1 1 5. 
Diffuse 7 8 5 
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impairmentft 
NENNEN ————————— «eene fun ee 
*One patient who died within 5 years of noncardiac | 
causes is not included in the analysis.. 4 
tStatistically significant difference between those who 
survived 5 years and those who died. "a 
t Coronary failure pain = pain lasting more than 15 min- 
utes without evidence of myocardial infarction. v 
fStatistically significant difference between those who. 
died and those who survived (see text). "1 
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4 
main coronary arterial stenosis (75 percent narrowing 
to total occlusion), 52.8 percent (28 patients) sur- 
vived more than 5 years; 2 of these patients subse- 
quently received coronary bypass grafts. 

Factors influencing 5 year survival: Various. 
factors were analyzed (Table III) to determine how 
those who survived more than 5 years differed at the 
time of catheterization from those who died in less. 
than 5 years. In addition, because of the high mortal- 
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4 ity rate during the 1st year, those who died within 1 
. year were also compared with those who died after 
E the Ist year but within 5 years of arteriography. Evi- 
E . dence of left ventricular hypertrophy or conduction 
. delay in the electrocardiogram and four vessel arteri- 
_ al involvement were the only significant factors in the 
. early mortality data. Comparison of those who died 
in the 5 year follow-up period with those who sur- 
. vived revealed significant differences in the severity 
_ of symptoms (angina pectoris), clear evidence of con- 
 gestive heart failure on examination or a history 
Strongly suggestive of it in the recent past, normal 
electrocardiogram or evidence of left ventricular hy- 
 pertrophy or conduction delay, four vessel involve- 
ment and generalized decreased contractility ob- 
served in the left ventriculogram. 

The survival curves of patients with left main coro- 
nary arterial obstruction and those with three vessel 
- disease without involvement of the left main trunk as 
. reported by Bruschke et al.? are compared in Figure 
_ 3. The curve in patients with left main coronary dis- 
_ ease is slightly lower in the first 3 years. The 5 year 
. mortality data are similar in both groups when cor- 
rection for noncardiac deaths is made for patients 
. with three vessel disease. The survival curves of the 
. two subgroups are significantly lower than that of the 
"unselected population with coronary disease. 
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T ; Discussion 

^ At the time coronary arteriography was performed 
_ in these patients, the coronary bypass grafting tech- 
nique was not available. Consequently, patients with 
left main coronary arterial obstruction were not 
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_ treated surgically except for a few attempts at proce- 
penser, coronary ostial dilation and direct patch graft- 
ing, that had a high surgical mortality rate.9 The 
- prognosis of this group of patients not operated on 
could be studied with little bias from surgical selec- 
'tion. 

i. From our study we conclude that the prognosis of 
- patients with left main coronary stenosis is poor, par- 
ticularly in the first 3 years after diagnosis. Compari- 
son with studies reported by other investigators!?? is 
difficult because of their small series and short peri- 
od of follow-up. However, the published figure! of a 
/.50 percent mortality rate with an average follow-up 
. of 25 months is quite high. Bruschke et al.,3 from the 
"Cleveland Clinic, reported on 37 patients and their 5 
year mortality rate of 56.8 percent is closer to our fig- 
.ure of 51 percent. 

... The three cardiac catheterization deaths (2.1 per- 
‘cent mortality rate) in this report occurred before 
1967, and this figure is relatively high since the over- 
all mortality rate for coronary arteriography in our 
laboratory was less than 0.1 percent at that time. It 
probably reflects a combination of insufficient expe- 
rience with this type of lesion and the lack of an ef- 
fective surgical procedure to deal with it. Opacifica- 
tion of the left coronary ostium, performed cautious- 
ly in the left anterior oblique projection with a small 
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LEFT MAIN CORONARY LESIONS 
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YEARS AFTER CORONARY ARTERIOGRAPHY 
FIGURE 3. Survival curves of patients with left main coronary arteri- 
al obstruction and in the series of cases reported by Bruschke et al.? 


Patients with left main coronary arterial lesions were not included in 
the curve for three vessel involvement. 


amount of contrast medium, should precede selective 
left coronary arteriography. When a left main coro- 
nary lesion is revealed by this “test dose," left coro- 
nary arteriography is carried out expeditiously with 
the catheter tip positioned at or just inside the left 
ostium. The number of injections of contrast medium 
is kept to an adequate minimum, enough to visualize 
the two main branches of the left coronary artery. 
The capability of performing immediate revascular- 
ization with bypass grafts, when required, must be 
available. 

Among patients with obstructive coronary artery 
disease the subgroups having left main trunk ob- 
struction or multiple vessel involvement have the 
worst prognosis. In those with left main trunk ob- 
struction and multiple vessel obstruction, surgery 
seems particularly indicated. Evidence of left ven- 
tricular hypertrophy or conduction delay in the elec- 
trocardiogram and of severe diffuse impairment of 
contractility in the left ventriculogram are additional 
factors that worsen the prognosis. 

Although the arteriographic and left ventriculo- 
graphic findings have predictive value, a number of 
patients with severe obstructive disease in the left 
main coronary artery and a few with a poorly con- 
tractile left ventricle or a combination of these le- 
sions survive many years. They are the exceptions, 
but they illustrate the varied and complicated course 
of patients with this disease. 
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To elucidate the determinants of the poor prognosis of patients with 
left main coronary artery disease and to assess the efficacy of diag- 
nostic and therapeutic interventions the angiographic features and 
clinical course of 58 patients with left main coronary artery disease 
studied between September 1967 and June 1974 were analyzed. 
Eighty-three coronary arteriograms were obtained in these 58 patients 
using the Judkins technique; there were no immediate complications 
although one patient died 3 days after study. Previously cited predic- 
tors of left main coronary artery disease such as calcification of the 
left main coronary artery, unstable or nonexertional angina and 
marked S-T segment depression with exercise were found in a minori- 
ty of patients; thus, the presence of the disease could not reliably be 
predicted before arteriographic study. Coexisting disease was found in 
either two or three other coronary arteries in 46 of 58 patients; only 2 
patients had isolated left main coronary artery disease. 

Because the criteria for operability have changed in recent years, 
operability in each case was reassessed by two investigators using 
current criteria without knowledge of the treatment actually given or its 
outcome. The condition of 10 of 58 patients was judged inoperable in 
retrospect because of severe coexisting distal coronary artery disease 
(8 patients) or ventricular dysfunction (2 patients). Of 19 patients 
whose condition was judged operable in retrospect but who were 
treated without surgery, 9 died, 8 within 18 months; 10 have survived 
12 to 83 months. Another 27 patients with a condition judged operable 
in retrospect had received saphenous vein bypass grafts. In this group, 
there were four operative and three late deaths. The severity of angina 
decreased in survivors treated surgically but was unchanged in survi- 
vors treated without surgery. The improvement in survival rates of sur- 
gically treated patients was not statistically significant. 

The data indicate that coronary arteriography can be performed at 
low risk with the Judkins technique even though preangiographic pre- 
diction of left main coronary artery disease is unreliable. Coexisting 
disease in other major coronary arteries is an important determinant of 
the poor prognosis of patients with left main coronary artery disease 
and precludes surgery in 13 percent. Isolated left main coronary artery 
disease is uncommon. Surgical therapy relieves symptoms more effec- 
tively than nonsurgical therapy. 


Recent reports have described the clinical presentation, the poor 
prognosis and the increased risks of coronary arteriography and sur- 
gery in patients with left main coronary artery disease.!-4 This review 
of 58 patients examines, in particular, the suitability of the Judkins 
technique? for the coronary arteriographic examination of patients 
with left main coronary artery disease, arteriographic findings relat- 
ing to the poor prognosis of such patients, reliability of clinical index- 
es for the preangiographic prediction of the disease and the impact of 
coronary arterial surgery. 
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Materials and Methods 
A review of the 2,450 coronary arteriograms obtained be- 


. tween September 1967 and June 1974 at the University of 


Oregon Medical School revealed 58 patients with 50 per- 
cent or greater reduction in luminal diameter of the left 
main coronary artery. À 50 percent reduction of luminal di- 
ameter corresponds to a 75 percent reduction of cross-sec- 
tional area and produces a significant reduction of blood 
flow.97 The Judkins technique was used in all studies.5? 
Twenty-two patients had two angiographic studies each 
and one patient had four studies. Of these 25 follow-up 
studies, 6 were performed without intervening surgery at 
an average interval of 27 months (range 6 to 66 months) 
and 19 at an average interval of 9 months postoperatively. 
Two patients with less than 50 percent narrowing on an ini- 
tial investigation were entered into the study only when 50 
percent narrowing of the left main coronary artery was 
demonstrated in a later investigation. 

The degree, type and location of the left main coronary 
arterial lesion and the severity and location of other coro- 
nary artery disease were assessed. Left ventricular cinean- 
. giography and pressure were used to evaluate ventricular 
function. 'The presence or absence of left main coronary ar- 
terial calcification, best identified fluoroscopically, was 
noted. 

Because criteria for operability have changed in recent 
years, particularly with the advent of saphenous vein by- 
pass grafting, the suitability of each of the 58 patients for 
saphenous vein bypass grafting was reassessed by two in- 
vestigators using current criteria. These criteria, which re- 
quire assessment of the morphologic features of distal ves- 
sels, filling patterns, branch disease, runoff capacity and 
ventricular function, have been described previously? The 
retrospective determination of operability was made with- 
out knowledge of the therapy given or its outcome. 

Hospital records, data on outpatient clinic examinations, 
records of Bureaus of Vital Statistics and interviews with 
patients, their relatives and referring physicians were used 
to determine the clinical course of the patients after angi- 
ography and surgery. The presence or absence of hyperten- 
sion, diabetes mellitus, lipid abnormalities or history of 
prior myocardial infarction was noted. Angina at the time 
of angiography and at the present time was classified as 
mild (occurring less than once daily), moderate (occurring 
several times daily), severe (frequent episodes occurring 
with mild exertion and at rest in a stable pattern) or unsta- 
ble (recurrent angina at rest persisting after admission to 
the hospital with transient ST-T wave electrocardiographic 
changes). 

Electrocardiograms were examined for evidence of 
transmural infarction, ischemia or nonspecific abnormali- 
ties. Stress electrocardiography was performed in 19 pa- 
tients using supine bicycle exercise with continuous elec- 
trocardiographic monitoring.!? 

Survival rates in surgically and nonsurgically treated pa- 
tients were determined by actuarial method.!! Standard er- 
rors of survival estimates were determined by the Green- 
wood formula,!? and the two patient groups were compared 
using a normal distribution test.!? 


Results 


Clinical Features 


Angina was severe in 20 patients, unstable in 6, 
moderate in 24, mild in 5 and absent in 3. The three 
patients without angina had coronary arteriography 
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Group 3. 2 1 steam 

Ut: 

Nonsurgically treated T | 
Condition operable, | 3 
in retrospect iB 
Survivors 5 3 1 1 10 
Nonsurvivors 6 2^4 MS 9 
Condition inoperable, 3 
in retrospect T 3 
Survivors Avi i Xi pA 2, 
Nonsurvivors 4 lo. AT E 
Total 15. 7: EA 26 
Surgically treated gr " oa 
Saphenous vein bypass mec 
grafting w 
Survivors 10* 3 7 were: 203 
Nonsurvivors 2 S d. IHR #2, 
Internal mammary implant ey 
Survivors 2 24 
Nonsurvivors AC 3 JR E T E 
Total 14 11-7 i-r 33. 


* One patient in this group is also included in the group 
with internal mammary artery implantation. LAM 


in the course of evaluations for valvular or myocar- 
dial disease. Although 14 patients gave a history of 
myocardial infarction, only 7 had evidence for it in 
their current electrocardiograms. Four additional pa- 
tients had electrocardiographic evidence of transmu- 
ral infarction without a clinical history of infarction. 
Sixteen patients were hypertensive and 6 diabetic; 23 
of 40 patients tested had elevations of serum choles- 
terol and triglyceride levels. ps 
Electrocardiograms were normal in 12 patients and 
revealed left ventricular hypertrophy in 11, prior 
myocardial infarction in 12, ischemic ST-T wave 
changes in 6 and nonspecific abnormalities in 18. 
Stress electrocardiography was positive in 14 of 19 
patients; only 2 of the 19 had S-T segment depression 
of more than 2 mm. X 
Of 58 patients, 26 had 50 to 70 percent stenosis and 
32 had 71 to 95 percent stenosis of the left main coro- 
nary artery. Fifty-six patients had coexisting diseas 
of other major coronary arteries. Twenty-eight had 
coexisting disease in three other vessels, 18 in twe 
other vessels and 10 in one other vessel. Only two pa: 
tients had isolated disease of the left main coronary 
artery. Thirty-six patients had associated disease oi 
the left anterior descending coronary artery, 40 asso: 
ciated disease of the left circumflex coronary artery 
and 48 associated disease of the right coronary artery 
Only six patients had no associated disease of eithei 
the left anterior descending or the circumflex coro: 
nary artery. eet 
There were no deaths or other major complications 
during angiography. One patient had ventricular fi 
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e SURGICAL PATIENTS 
4 NON SURGICAL PATIENTS 


Years after Angiography 


FN AURE 1. Survival curves determined by the actuarial method are 
shown for the nonsurgically treated patients whose condition was 
judged operable by current criteria and for patients treated surgically 
with saphenous vein bypass grafting. The difference in survival rates 
is not statistically significant. Vertical bars indicate standard error. 
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| ation 6 hours after angiography. and was resusci- 
tated, but died 3 days later of recurrent ventricular 


arrhythmias. No evidence of myocardial infarction 
was found at autopsy. 

- The condition of 10 patients (17 percent) was 
judged inoperable, in 2 (4 percent) because of ven- 
tricular dysfunction (left ventricular end-diastolic 
pressure greater than 25 mm Hg and ejection fraction 


less than 0.30) and in 8 (13 percent) because the dis- 
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. Surgery was not performed in 26 patients for vari- 


ts reasons, including patient refusal, left ventricular 
Birsfünction and coronary arterial anatomy unsuit- 
able for surgery. One of these patients was lost to fol- 
low-up study after 18 months. The frequency of asso- 
ciated disease in these 24 patients is shown in Table 
[. By current criteria, the condition of seven of these 
patients was considered inoperable and that of 19 op- 
feeble, Of the former, five (71 percent) died 3 days to 
18 months after angiography (mean survival 6 
months). The remaining two are alive after 17 


nonths of observation. 

- The condition of 19 patients was judged operable 
y current criteria but they were treated without sur- 
ery. Nine of these patients died 1 to 39 months after 
ingiography (average 14 months). One of these nine 
yatients had been accepted for surgery but elected to 
lelay the procedure for a month and died suddenly 
vith ventricular fibrillation. Ten patients are still 
dive after a period of observation averaging 48 
nonths (range 12 to 83 months). Figure 1 shows the 
urvival curve for these patients. The number of pa- 
ients at risk and of those surviving at various inter- 
als is shown in Table II. Figure 2 shows the severity 
f angina of survivors at the time of angiography and 
urrently. | 
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TABLE IlI 


Interval Survival Data For Surgically and Nonsurgically 
Treated Patients 
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Surgically Treated Patients* 

E BAUR ART UE a a aap dit OD eod EET AS ps C 
Months postoperative (no.) 1 4 812 18 24 36 56 
Patients at risk (no.) 28 24 23 211611 9 6 
Survivors (no.) 24 23 23 201610 9 6 
th ah Po 

Nonsurgically Treated Patients 
E Re PM RL OO NM CY ONE i BEN GIs SS 
Months after arteriography (no. 6 12 18 24 36 48 84 
Patients at risk (no.) 19. 1416,11 362.8 ^4 
Survivors (no.) 17 16 32. 9-6. 4, wi 








* All patients except one were operated on within 1 
month of coronary arteriography. 


Follow-up of Surgically Treated Patients 


Thirty-two patients were treated surgically. Inter- 
nal mammary arterial implants were performed in 6 
of these 32 patients before 1969; there were three op- 
erative deaths and one late death 33 months after the 
procedure. In one of the six, intractable angina re- 
curred and saphenous vein bypass grafting was per- 
formed with symptomatic benefit. Three patients 
whose condition was judged inoperable by current 
criteria received internal mammary arterial implants. 
Two of these patients died in the intraoperative peri- 
od; the third patient is alive nearly 7 years postopera- 
tively. 

Twenty-seven patients, one of whom had previous- 
ly received an internal mammary arterial implant, 
were treated with saphenous vein bypass grafting. 
One of the 27 was reoperated on 24 months later 
when angina recurred and angiography demonstrated 
extension of disease. There were four operative 
deaths (14 percent) in the course of the 28 opera- 
tions; three late deaths were caused by digitalis in- 
toxication, acute myocardial infarction and conges- 
tive heart failure, respectively. The suitability of the 
patient in the latter case for saphenous vein bypass 
grafting is questionable retrospectively because his 
ejection fraction was only 0.29. He had no angina 
after operation but continued to be severely limited 
by symptoms of heart failure until the time of death. 
A total of 40 grafts were performed in the 18 patients 
who had postoperative angiography. Thirty-two (80 
percent) of 40 grafts were patent. 

Figure 1 shows the actuarially determined survival 
estimates, and Table I the extent of coexisting dis- 
ease in these surgically treated patients. All 20 sur- 
viving patients experienced reduction in the severity 
of angina, and 13 of these survivors are angina-free. 
The functional state of this group of patients before 
surgery and at present is shown in Figure 2. The sur- 
gically and nonsurgically treated groups were similar 
with respect to frequency of prior myocardial infarc- 
tion, incidence of hypertension, diabetes mellitus and 
lipid abnormalities, severity of left main coronary ar- 


. terial stenosis, extent of distal vessel involvement and 
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FIGURE 2. Comparison of functional status at time of angiography 
and currently in 19 surgically treated (left) and 9 nonsurgically treat- 
ed survivors (right). Improvement in functional state occurred in 
each survivor in the surgical group, and more than half of the survi- 
vors are asymptomatic. Improvement in the condition of some non- 
surgically treated patients was balanced by deterioration in others; 
however, none of the survivors are asymptomatic. The number of 
nonsurgically treated patients evaluated is smaller because of the 
greater mortality in that group. 
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age. The difference in survival data is not statistically 
significant. 
Discussion 


Coronary Arteriography 


The potential for sudden death during coronary ar- 
teriography in patients with left main coronary ar- 
tery disease has been demonstrated.'* However, a 
high mortality rate is not inevitable because similar 
patients studied with use of the Sones technique ex- 
clusively or a combination of the Sones and Judkins 
techniques have had a low mortality rate.” It has 
been suggested that the Judkins technique is inap- 
propriate for use in patients with left main coronary 
artery disease. Although complication rates may 
vary from one laboratory to another, this review of a 
7 year experience using the Judkins technique exclu- 
sively with no deaths during 83 angiographic studies 
and a single death 3 days after angiography estab- 
lishes that the technique can be performed at low 
risk in the presence of left main coronary artery dis- 
ease. The relation of the single death to coronary an- 
giography is uncertain. Our experience is similar to 
that of Webster et al.,!? who reported that no deaths 
occurred during 29 studies at the Cleveland Clinic 
but that two patients died 1 and 3 days, respectively, 
after angiography. 


Prediction of Left Main Coronary Artery Disease 


The suggestion that special precautions be taken 
during angiography in patients with left main coro- 
nary artery disease presumes that the presence of the 
lesion can be accurately predicted or suspected. Se- 
vere or nocturnal angina, marked S-T segment de- 
pression during stress electrocardiography and left 
main coronary arterial calcification have been sug- 
gested as indicators of the lesion.^? Although severe 
angina was found in 44 percent of our patients and its 
presence should alert the physician to the possibility 
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FIGURE 3. Early operative mortality rates in patients with left main — 
coronary artery disease were high. However, since the beginning of - 
197 1, only one patient, a man with unstable angina and diffuse coro- — 
nary disease, has died at operation. | 










of left main coronary artery disease, it is not a sensi- 
tive marker since 56 percent of our patients had less. 
than severe angina and three patients had no angina. 
Conversely, in a group of 55 patients with unstable 
angina, only 2 had left main coronary artery dis- 
ease.!4 Only two of our patients had marked S-T seg- 
ment depression during stress electrocardiography. 
This finding may reflect our procedure of contin- 
uously monitoring the electrocardiogram during exer- 
cise and stopping the test as soon as diagnostic ab- 
normalities appear rather than after completion of a 
predetermined work load.!? Marked S-T segment de- 
pression may be caused by widespread disease in 
other major coronary arteries as well as by left main. 
coronary artery disease.!5 Calcification of the left 
main coronary artery was found in 12 (21 percent) of 
our patients and is a reliable but insensitive marker. 
of the disease. Because left main coronary artery dis- 
ease may be found in patients with no angina and 
with normal resting and stress electrocardiograms, 
patients undergoing coronary angiography must be. 
approached as patients with left main coronary ar- 
tery disease. The elements of a proper approach have 
been reviewed elsewhere.!6:!7 p : 
Angiographic Features Relating to Prognosis Es. 
'The poor prognosis of patients with left main coro- 
nary artery disease must be attributed either to an 
intrinsic characteristic of the lesion such as its proxi- 
mal location or a propensity to rapid progression o 
disease or to some factor commonly found in associa- 
tion with it that produces its lethal effect alone or in 
concert with the lesion. LE 
Hydraulic analysis suggests that the reduction in 
blood flow caused by stenosis of a major trunk vesse 
is no greater than the reduction in flow caused bj 
comparable stenoses in each branch vessel.!? There 
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f ore, left main coronary artery disease should have an 
_ effect on flow to an extent similar to that caused by 
equal degrees of obstruction in the left anterior de- 


and cannot by itself explain the poor prognosis in 


DA striking feature of patients with left main coro- 

lary artery disease was the extent of coexisting dis- 
ease in other major coronary arteries. In eight (13 
- percent) of our patients coexisting disease was so se- 
vere that it precluded surgery and these patients had 
.a very poor prognosis. It has been demonstrated that 
CERRAR 
the prognosis of patients with left main coronary ar- 
tery disease is similar to that reported in patients 
with three vessel disease alone? Although progres- 

ion of disease in the left main coronary artery alone 
‘may not be rapid, small changes in the left main cor- 
onary artery and one of its branches occurring simul- 
taneously may have a critical effect on flow because 
critical stenoses in series are additive in their effects 
on flow.!? For all these reasons, we believe that the 
poor prognosis of patients with left main coronary ar- 
tery disease is largely related to the high frequency of 
Severe coexisting coronary artery disease. The prog- 
nosis of isolated left main coronary artery disease 
found in only two of our patients is unknown because 
of the small number of cases available for analysis. 
t 


Efficacy of Surgical Therapy 


. An appropriate assessment of the benefits of sur- 
gery can be made by comparison of patients treated 
|n and without surgery only after exclusion of 
those patients who are not surgical candidates. The 
prognosis of this latter group is unlikely to be altered 
by surgical therapy and is extremely poor. Inclusion 
of patients with inoperable conditions in the nonsur- 
gical group does not allow comparison of patients at 
equal risk. The surgically treated group had a re- 
duced frequency of angina in contrast to the nonsur- 
E treated patients in whom angina persisted. 
The effect of surgery on survival, as shown in Figure 
t, was not statistically significant but may be greater 
than indicated because our early experience with sa- 
phenous vein bypass grafting, in which there was a 
high operative mortality rate, is included (Fig. 3). 
d: 


Since the end of 1970, there have been 23 operative 
survivors among 24 patients with left main coronary 
artery disease, and the estimated survival rate of 
these patients 3 years postoperatively is 78 percent 
rather than the 70 percent shown for the entire 
group. The improvement in survival data of the pa- 
tients operated on more recently is largely the result 
of a reduction in operative mortality but may also re- 
flect a tendency to perform bypass grafting in a 
greater number of obstructive lesions. 

Comparisons of larger groups of surgically and 
nonsurgically? treated patients suggest that saphe- 
nous vein bypass grafting prolongs life, but the suit- 
ability for surgery of the nonsurgically treated pa- 
tients is not established? and the reported follow-up 
time of surgical survivors is short. Also, comparison 
of groups of patients from different institutions may 
be misleading. Although achievement of low opera-: 
tive mortality rates now appears possible, further fol- 
low-up will be required to determine whether the 
propensity to widespread disease in these patients 
may offset the effects of successful surgery. 


Conclusions 


We conclude: (1) All patients undergoing coronary 
angiography should be considered to have left main 
coronary arterial stenosis and appropriate precau- 
tions should be taken because clinical findings sug- 
gested as predictors of left main coronary artery dis- 
ease were found in less than half of our patients. Un- 
commonly, left main coronary artery disease may be 
found even in the angina-free patient. (2) Coronary 
arteriography can be performed at low risk with ei- 
ther the Sones or Judkins technique in the presence 
of left main coronary artery disease if careful tech- 
nique is observed. (3) A major factor in the poor 
prognosis of patients with left main coronary artery 
disease is the frequent presence of associated disease 
in other major coronary arteries. In our group of 58 
patients, the condition of 13 percent was inoperable 
for this reason. Extrapolation from clinical precepts 
derived from the majority of patients with severe 
coexisting disease to the occasional patient with iso- 
lated left main coronary artery disease may not be. 
warranted. (4) At present, an improved survival rate 
with surgery cannot be demonstrated. However, the 
operative risk is low and the majority of patients op- 
erated on are free of angina. 
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442 Assesses 4072 


Twenty patients are described with the variant angina syndrome (re- 
current angina at rest with S-T segment elevations occurring only dur- 
ing pain and no evolution of infarction). In contrast to patients pre- 
viously reported on, all but one had progressive unstable angina before 
hospitalization. Angina was frequently associated with arrhythmias, in- 
cluding ventricular fibrillation (2 instances), ventricular tachycardia 
(4), frequent ventricular premature beats (5), atrioventricular block 
(4), sinus bradycardia (2), sinoatrial exit block (1) and supraventricu- 
lar tachycardia (1). Seventeen patients had significant proximal steno- 
sis of one or more coronary arteries with good distal vessels. Bypass 
surgery in 15 of these patients resulted in one noncardiac postopera- 
tive death, one perioperative infarction and relief of pain in all 14 survi- 
vors. After a 17 month mean follow-up period (range 4 to 38 months), 
all survivors are pain-free. Three patients had no significant coronary 
disease; one of these became asymptomatic with medical therapy, 
one continues to have angina and one died suddenly. Patients with 
normal coronary arteries could not be distinguished Clinically or by 
electrocardiogram from those with severe obstructive lesions. This ex- 
perience suggests that all patients with the variant angina syndrome 
should be studied by coronary angiography, and that most patients 
with significant fixed coronary lesions will do well after coronary by- 
pass surgery. 


In 1959, Prinzmetal et al.! described a form of variant angina pectoris 
characterized by pain occurring at rest or during ordinary activity 
rather than with exertion. The electrocardiogram during this variant 
angina showed S-T segment elevations with prompt return to control 
levels upon remission of pain. Since there was no evolution of myo- 
cardial infarction and since the course was believed to be stable or to 
improve with time, this type of angina was differentiated from 
"preinfarctional angina." However, many studies have indicated2-9 
that subsequent infarction in areas in which S-T-segment elevations 
were observed frequently occurs and that mortality in the follow-up 
period is significant. 

Since Prinzmetal's original description, coronary angiography and 
coronary artery bypass surgery have come into general use. However, 
the roles of medical and surgical therapy in this syndrome are contro- 
versial, and it has recently been suggested that the latter is not ap- 
propriate for the majority of these patients.!° This paper therefore 
describes the clinical spectrum, angiographic features and results of 
medical and surgical therapy in 20 patients admitted to the Massa- 
chusetts General Hospital with the variant angina syndrome, 15 of 
whom had coronary bypass surgery. 
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TABLE I 
Clinical Data on 20 Patients with Variant Angina Pectoris 


Duration of ey EM 
Case Age (yr) Duration of Accelerated  Exertional Pain Relief Arrhythmias — — 
no. & Sex Angina Angina Angina with NTG S-T Elevations During Pain — — 
Anterior or Anterolateral S-T Elevations 
1 54M 1 month 1 hour Yes Yes Viv; VF 
2 54M 8 months ] week Yes Yes lav Noo VT E 
3 58M l year 5 days No Yes WiN VPBs 5. 
4 64F 1 week 1 week No Yes Vi—Vagave Sta Xen 
5 58F 1 hour l hour No No p aVL; V, V, SB, VPBS «0€ 
6 50F 10 years 3 weeks Yes Yes V monitor VT EE 
7 53M 3 weeks 2 days Yes Yes V,—-V, SAB d 
8 58M 4 years 1 month Yes Yes aVL, V,—-V, ars 1 
9 49M 2 days 2 days Yes Yes |, aVL, V,.—V, X 
10 52F 8 days 8 days Yes Yes FANG NiS NE ae 
11 56F 1 hour 1 hour Yes Partial VAM LOK nes ae 
12 59F 12 hours 12 hours No Partial V.-V, VPBs, SVT, AF | 
— 
Inferior or Inferoapical S-T Elevations ^: M 
13 55M 2 years Few Yes Yes IIH, aVF 2° AVB, VT, VF 
hours | EU 
14 45F 2 weeks 2 weeks No No IIl, aVF SB, SA E 
15 44M 3 years 1 week Yes Partial Illi, aVF VPBs / 
16 53F 4 months "e Yes Yes ILII, aVF SA, SB, 3° AVB ~ 
17 39F 18 months 1 month Yes Yes IIH, aVF VPBs uo 
18* 42F 6 months 1 hour No Yes IIH, aVF 2° AVB T 
19* 45F 2 weeks 1 hour No Yes IIH, aVF SB, 2° AVB, VT ? 
58F 4 years 3 weeks No Yes Iki aVF, V.—V, ose na 


*Patients without significant coronary artery disease. 
AF = atrial flutter; AVB = atrioventricular block; NTG 


bradycardia; 2° = second degree; SVT = supraventricular tachycardia; 3 


ventricular premature beats; VT = ventricular tachycardia. 


Patient Selection 


Twenty patients admitted to the Massachusetts General 
Hospital from January 1971 to January 1974 fulfilled the 
criteria for variant angina pectoris: recurrent angina at rest 
associated with S-T segment elevations, not in the area of 
an old infarction, with return of the S-T segments to con- 
trol levels after relief of pain, and without evolution of 
myocardial infarction by serial electrocardiograms or by 
cardiac enzymes. These patients were 8 men averaging 53 
years of age and 12 women averaging 52 years of age. All 
patients had selective coronary angiography. Seventeen pa- 
tients had significant obstructive coronary lesions, that is, 
greater than 70 percent luminal narrowing. Three patients 
had no significant coronary artery disease by angiogram. 


Results with Comment 


History and Physical Examination 


The clinical characteristics of these patients are 
shown in Table I. The total duration of angina 
ranged from 1 hour to 10 years. All patients had angi- 
na at rest, frequently at a predictable time of day. In 
contrast to the stable course depicted in Prinzmetal's 
original description! all but one of the patients in 
this series (Patient 16, who had stable angina over a 4 
month period) had progressive, unstable angina for 1 
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= sinus arrest; SAB = sinoatrial block; SB = sinus - 
- third degree; VF 


= ventricular fibrillation; VPBs = 
we, 
hour to 1 month, leading to hospitalization for in- 
creasing frequency and duration of severe pain. Al- 
though previous reports have described exertional 
pain only rarely in variant angina,4+810,11-14 12 of our - 
patients had angina on exertion as well as during. 
rest; in 7, the pain began with exertion only and pro- À 
gressed to pain during rest. All 12 of these patients 
had significant obstructive coronary lesions. The 
three patients with angiographically normal arteries. 
(Patients 18 to 20) had pain only during rest. Pain 
was completely relieved by nitroglycerin in 15 pa- 
tients; 2 had no response and 3 had only partial relie 3 

Physical examination of the cardiovascular system 
was normal except for the presence of an apical 
fourth heart sound gallop in 10 patients. All three pa- 
tients with variant angina and no significant coro- 
nary artery disease were female. M 





Electrocardiographic Findings m 

Figure 1 shows the course of S-T segment changes 
during and after pain in Patient 19, who had angio- 
graphically normal coronary arteries. Similar S-T ele- 
vations during pain occurred inferiorly or inferoapi- 
cally in 8 patients and anteriorly or anterolaterally in 
12 patients (Table I). Concurrent S-T depressions 
appeared in reciprocal leads in all. The three patients 
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| FIGURE 1. Case 19. Electrocardiograms showing representative changes in 
_ Showing marked S-T elevations in the inferior leads with reciprocal d 
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. persistent Slight anterolateral S-T depressions. D, return to normal 3 hours later. 
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_ Cardiac Catheterization Data and Course of 20 Patients with Variant Angina Pectoris 


Bare 
. Case 
. mno. 


«o œ 


b LAD = left anterior descending coronary artery; LCA = 
cumflex marginal artery; MI = 


Location of Significant 
Coronary Lesions 


Proximal LAD 

Proximal LAD, LAD diag- 
onal, LCxM 

Proximal LAD 

Proximal LAD 

Proximal LAD 

Proximal LAD, RCA 

Proximal LAD; occluded RCA 


Proximal LAD, LCx 

Proximal LAD, LAD diagonal; 
occluded RCA 

Proximal LAD; occluded RCA 


Proximal LAD, LCxM; 
occluded RCA 
Proximal LAD, LCxM 


LCA ostium, distal RCA 
Proximal LAD, LCx and RCA\ 


. Proximal LAD, mid RCA 


Proximal LAD, LAD diagonal, 
mid RCA 

Proximal LCx, LCxM 

None 

None 

None 


artery. 


144 


Left Ventricle 
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S-T segments during pain. A, in the absence of pain. B, during pain, 
epressions anterolaterally. C, 30 minutes later, after relief of pain, showing 


Coronary Vessels 


Bypassed 


Anterior or Anterolateral S-T Elevations 


Normal 


Inferoapical aneurysm 

Normal 

Inferoapical akinesis; slight antero- 
lateral hypokinesis 

Normal 

Slightly enlarged; inferior akinesis; 
anterolateral hypokinesis 

Anterolateral hypokinesis; apical 
dyskinesis 

Slight enlargement; inferior akinesis; 
anterolateral and apical hypokinesis 

Apical akinesis; inferior hypokinesis 


LAD 
LAD, LAD 
diagonal 
LAD 
LAD 
LAD 
LAD 
LAD, RCA 


None 
LAD, RCA 


LAD 


Follow-Up Data 


No angina, 25 mo. 
No angina, 19 mo. 


No angina, 22 mo. 
No angina, 14 mo. 
No angina, 22 mo. 
No angina, 38 mo. 
No angina, 9 mo. 


No angina, 7 mo. 
No angina, 6 mo. 


No angina, 4 mo. 


LAD, LCxM, RCA Died postop 


LAD, LCxM 


Inferior or Inferoapical S-T Elevations 


Inferoapical hypokinesis 
Normal 

Inferoapical akinesis 
Inferior hypokinesis 


Normal 
Normal 
Normal 
Normal 
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LAD, RCA 


No angina, 11 mo. 


No angina, 20 mo. 


LAD, LCx, RCA MI with anesthesia preop 


LAD, RCA 
LAD, RCA 


None 
None 
None 
None 


No angina, 10 mo. 
No angina, 5 mo. 


No angina, 5 mo. 
Recurrent angina, 17 mo. 
No angina, 40 mo. 

Died suddenly, 8 mo. 


left coronary artery; LCx = left circumflex artery; LCxM = left cir- 
myocardial infarction; postop = postoperatively; preop = preoperatively; RCA = right coronary 


without significant coronary disease angiographically 
(Patients 18 to 20) had S-T elevations inferiorly, a 
finding reported i in the majority of patients with vari- 
ant angina and insignificant coronary disease.?-*0- 
1345-18 Nevertheless, four such patients had an- 
terior S-T elevations.?111819 Thus, the location of 
S-T elevation does not predict presence or absence of 
fixed obstructive coronary lesions. In the other 17 
cases, the location of S-T elevation correctly predict- 
ed a cardiac area supplied by a significantly obstruct- 
ed coronary artery. However, several patients (Cases 
6, 7, 9 to 11, 13 to 16) had additional significant coro- 
nary disease that was not predicted by the leads 
showing S-T elevations (Table IT). 

The electrocardiogram in the absence of pain re- 
turned to normal in 6 patients, including the 3 with- 
out significant coronary disease, and showed persis- 
tent nonspecific S-T segment and T wave abnormali- 
ties in the other 14. In no cases did new Q waves de- 
velop, nor was there serial evolution of nontransmur- 
al infarction. Four patients (Cases 2, 7, 9 and 11) had 
electrocardiographic evidence of an old inferior wall 
infarction; all four had S-T elevations in the anterior 
leads during variant angina. 

Serious arrhythmias during episodes of pain were 
common (Table I). With pain, ventricular fibrillation 
occurred in two patients and ventricular tachycardia 
in four, including one patient without significant cor- 
onary disease angiographically (Case 19). Five addi- 
tional patients had frequent ventricular premature 


- beats during pain. Whether ischemia involved the an- 


terior or inferior wall did not appear to affect the in- 
cidence of ventricular irritability. Second degree atri- 
oventricular (A-V) block of the Wenckebach type oc- 
curred in three patients, including two with angio- 
graphically normal coronary arteries. Intermittent 
complete A-V block occurred in one patient. All four 
patients with A-V block had evidence of inferior wall 
ischemia. Marked sinus bradycardia during pain oc- 
curred in two patients with inferior and in one pa- 
tient with anterior ischemia. Sinoatrial (S-A) exit 
block of the Wenckebach type was seen in one pa- 
tient with anterior ischemia. One patient had periods 
of supraventricular tachycardia during pain. 

The frequency of arrhythmias in our patients is in 
accord with data from previous studies in which ven- 
tricular irritability,347-8-10,15,16,19 atrial  fibrilla- 
tion,*?14^ supraventricular tachycardia,!?9!! second 
and third degree A-V block,?:410-12.16.17,20-72 extreme 
sinus slowing!? and S-A block?? have been reported. 


Angiography 

Coronary angiographic data are summarized in 
'Table II. Seventeen patients had greater than 70 per- 
cent fixed obstruction of a major coronary artery. 
Five patients had significant disease of one major 
coronary vessel only (Cases 1, 3 to 5 and 17). Nine pa- 
tients had significant disease of two major arteries 
with the left anterior descending artery being in- 
volved in all (Cases 2, 6 to 10, 12, 15 and 16). Three 
patients (Cases 11, 13 and 14) had the equivalent of 
significant three vessel disease. All patients had ade- 
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quate distal vessels and none had diffuse T vi 
disease. Three patients (Cases 18 to 20) had no angio- 
graphically significant coronary disease. The occur- 
rence of multiple vessel obstructive disease is in con- e 
trast to Prinzmetal's suggestion that variant angina is 
associated with severe disease of a single coronary ar- e 
tery only. 1 Indeed, the distribution of coronary le- 
sions in these patients does not appear to differ from | 
that in patients with typical exertional angina, except 
for the absence of diffuse distal disease. 4 
Left ventricular angiograms were performed for 
all but three patients and were normal in eight. Four. 
patients with old inferior infarction had evidence of. 
inferior wall akinesis or dyskinesis. Eight patients | 
had evidence of hypokinesis in the left ventricular | 2; 
areas supplied by stenotic vessels (Table II). | Y 
Coronary spasm is often postulated to be an etio- 
logic factor in initiation of pain in patients with vari- 
ant angina. This was not observed in any of our pa- 
tients; however, none of our patients experienced an- - 
gina during angiography. Prinzmetal et al.! originally | 
proposed that pain was due to "temporarily in- 
creased tonus of a single large narrowed coronary ar- 
tery." More recently, spasm has been demonstrated 
to occur during coronary angiography of patients | 
with variant angina, either in an essentially nori 
vessel!®22 or in the area of a plaque that did not 
cause significant obstruction in the absence of. 
spasm. 10 Thus, spasm may be an important factor, at 
least in patients with the syndrome of variant angina. 
and normal coronary arteries. The role of spasm in. 
patients with significant fixed obstructive lesions is. 
not known. Experimental studies of coronary occlu- 
sion in dogs have indicated that S-T elevations are. 
indicative of more severe myocardial ischemia than. 
are S-T depressions.?? Possibly, the combination of 
spasm and fixed obstruction might result in presto 
ischemia. A 
Hospital Course | 


Medical treatment: After admission to the M. | 
tal, despite absolute bed rest, angina associated with 
S-T elevations continued to occur in all patients but 
one (Case 6). Four patients (Cases 8, 13, 14 and 19) 
had no further pain on treatment with long-acting ni- 
trates and propranolol in doses of 80 to 160 mg/day. 
One patient (Case 17) continued to have angina with 
propranolol in a dose of 320 mg/day but not when the 
dose was increased to 560 mg/day. Two patients 
(Cases 7 and 20) had a marked decrease in frequency 
and severity of pain with long-acting nitrates alone. 
The other patients continued to experience angina. 
with propranolol (40 to 320 mg/day) and, in most 
cases, long- -acting nitrates. Because of continued pain 
at rest in spite of intensive medical therapy, 10 pa- 
tients underwent intraaortic balloon pumping before 
angiography. This procedure resulted in cessation of 
pain in all but two patients, one with continued sig- 
nificant pain (Case 4) and one with persistent mild 
pain (Case 2). 

Bypass surgery: Because of the unstable progres- 
sive severity of their angina and the frequently asso- 


EN è ~ 
—_—_—— —-- - Cu > - Mud =a æ a m amna m [rd — m i am 


PIRATE 


-VARIANT ANGINA PECTORIS—SHUBROOKS ET AL. 


_ ciated arrhythmias despite intensive medical therapy 
_ in most cases, 15 of the 17 patients with significant 
. coronary lesions underwent coronary arterial bypass 
_ grafting. Two patients (Cases 8 and 17) received only 
. medical therapy in spite of anatomic features suit- 
. able for bypass grafting. Six patients had single vein 
- grafts, all to the left anterior descending coronary ar- 
_ tery. Seven patients had double grafts, to the left an- 
_ terior descending and right coronary arteries in five, 
_ to the left anterior descending artery and its diagonal 
_ branch in one and to the left anterior descending and 
circumflex arteries in one. Two patients had triple 
grafts to the left anterior descending, left circumflex 
and right coronary arteries. There was one in-hospi- 
.tal death (due to severe pulmonary infection and 
. renal failure). One patient (Case 14) had an intraop- 
 erative myocardial infarction related to failure of a 
_ temporary pacemaker to function when complete 
„A-V block occurred during induction of anesthesia. 
_ All others tolerated the bypass procedure well. 
Follow-Up 

All 14 patients surviving bypass surgery are living 
_after an average follow-up period of 17 months (range 
_ 4 to 38 months) and all are pain-free (Table II). No 
_ patient has had further difficulties with arrhythmias, 
- and no myocardial infarctions have occurred postop- 
 eratively. The favorable postoperative course of these 
- patients differs from previously reported experiences. 
_ Five of the six patients with bypass surgery described 
by McAlpin et al.!? had pain at rest within 4 weeks, 
_ associated with occlusion of the graft in three and oc- 
. clusion of the vessel just distal to the graft in anoth- 
. er. Recently, Bodenheimer et al.!? reported that two 
of three patients with bypass grafting had continued 
| pain postoperatively, one with a perioperative infarc- 
tion and one with an occluded graft. Betriu et al.!! 
described a patient with bypass grafting who had a 
postoperative infarction and continued angina with 
an occluded graft. 

.. The two patients in our series with significant ob- 
_ structive lesions treated medically are asymptomatic, 
one (Case 8) 7 months after admission on a regimen 
_of isosorbide dinitrate and propranolol, 160 mg/day, 
and one (Case 17) 5 months after admission on a regi- 
‚men of isosorbide dinitrate, quinidine and propranol- 
ol, 560 mg/day. Prinzmetal et al.! and, more recently, 
- McAlpin et al.!? suggested that the clinical course in 
these patients is rather stable and that their symp- 
_toms tend to decrease with time. The latter investiga- 
"tors therefore recommended that surgery be reserved 
only for patients with incapacitating symptoms re- 
fractory to medical therapy. In contrast, review of 
other reported cases indicates a high incidence of in- 
farction and death for patients given medical therapy 
-alone.?-? We hope that successful bypass surgery will 
alter this unfavorable prognosis. 

. Patients without significant coronary artery 
disease: Of the three patients in this group, one 
(Case 19), who had multiple episodes of ventricular 
tachycardia during pain, has had gradual disappear- 
ance of symptoms and is doing well 40 months after 
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admission on therapy with isosorbide dinitrate, pro- 
pranolol, quinidine and diphenylhydantoin. Another 
(Case 18), after several months without pain, again 
experienced frequent anginal episodes relieved by ni- 
troglycerin; long-acting nitrates could not be em- 
ployed because of severe headaches associated with 
their use. The third patient (Case 20) died suddenly 
during an episode of pain 8 months after hospitaliza- 
tion while receiving long-acting:nitrates. 

Patients having angina pectoris in association with 
evidence of myocardial ischemia but with normal cor- 
onary angiograms have been reported to follow a be- 
nign course.?^?5 Whether the occurrence of S-T ele- 
vations during pain is associated with a more unfa- 
vorable course in such patients with normal coronary 
arteries is unknown. The association of A-V block or 
serious ventricular arrhythmias, or both, with pain in 
two of our three patients without significant coronary 
disease, and in most of the similar isolated cases pre- 
viously reported,?/15-179 appears to indicate a se- 
vere degree of ischemia in these patients, perhaps re- 
lated to occlusive spasm. Although the condition of 
two of our patients improved with time after medical 
therapy, as has that of some other similar pa- 
tients, 112.1718 one of our patients and four described 
by others*5519? died suddenly during anginal epi- 
sodes. Surgery does not appear to be indicated for 
these patients. Dhurandhar et al.!? described such a 
patient with documented proximal right coronary ar- 
terial spasm only who had bypass grafting to the dis- 
tal right coronary artery. Ten days postoperatively 
recurrent variant angina developed, and he died with 
the graft remaining patent. Recently, Betriu et al.!! 
reported on three patients with nonsignificant ob- 
structive lesions who underwent bypass grafting; one 
died postoperatively, one had recurrence of pain and 
one had a postoperative infarction with an unknown 
subsequent course. The demonstration by Oliva et 
al.,! in a patient having the variant angina syndrome 
with normal coronary arteries in the absence of pain, 
that the site of spasm during pain varied and at times 
involved a long segment of the right coronary artery 
extending as far distally as the posterior descending 
artery, may explain the ineffectiveness of bypass 
grafting in these patients. š 


Conclusions 


Our experience suggests that all patients with the 
variant angina syndrome should be studied by coro- 
nary angiography since no clinical or electrocardio- 
graphic manifestations could distinguish those pa- 
tients with angiographically normal coronary arteries - 
from those with severe proximal obstructive lesions. 
In contrast to findings in most previous reports, all 
but one of our patients had an unstable and progres- 
sive course. Although our patients were inevitably a 
selected group, since their angina was severe enough 
to result in hospitalization, the same is true of other 
series. Patients with severe proximal obstructive le- 
sions can undergo coronary artery bypass surgery 
with a low risk and excellent postoperative course 
over a prolonged follow-up period. 
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Changes in systemic oxygen delivery after acute myocardial infarction 
were investigated in 21 patients. In seven patients with shock, circula- 
tory failure was characterized by a significant reduction in cardiac 
index, a decrease in oxygen transport and oxygen consumption and an 
increase in concentration of blood lactate; a decrease in the affinity of 
hemoglobin for oxygen (increased P595) was also noted. The P5, aver- 
aged 28.8 + 0.87 (standard error of the mean) torr in patients with 
shock and 26.0 + 0.45 torr (P <0.05) in patients without circulatory 
failure. However, there was no significant difference in oxygen extrac- 
tion from arterial blood between the two groups. 

The time course of the changes in Pso, cardiac index and oxygen 
consumption was separately examined in 12 patients. In six patients 
with shock, P5o increased by an average of 4.6 + 2.05 torr (P <0.05) 
and this augmentation accounted for an estimated 18 percent increase 
in oxygen release. Maximal Ps, values were observed after 24 hours of 
circulatory failure. In the absence of shock, no consistent changes in 
P5o, cardiac index or oxygen consumption were observed. 

These data indicate that a reduction in oxygen delivery after acute 
myocardial infarction is followed by a compensatory increase in P5». 
This change in P5o accounts for increases in oxygen availability inde- 
pendently of changes in cardiac output. 


Circulatory failure after acute myocardial infarction is associated 
with a critical reduction in the viable mass of left ventricular myocar- 
dium.! Previous studies have documented that a decrease in cardiac 
output usually follows an acute infarction.?? The extent to which this 
reduction in cardiac output is a critical determinant of survival is 
contingent on a concurrent reduction in oxygen availability.4-9 
Hence, pulmonary gas exchange, circulating hemoglobin and the af- 
finity of the hemoglobin for oxygen constitute important variables in 
addition to cardiac output.’ 

The affinity of hemoglobin for oxygen is quantitatively assessed by 
P50, the oxygen tension at which the hemoglobin is 50 percent satu- 
rated with oxygen. P5o is a major determinant of the position of the 
oxyhemoglobin equilibrium curve, which in turn influences the arte- 
riovenous oxygen difference [C(a-v DO;)]. Increases in Ps indicate a 
rightward shift of the oxyhemoglobin equilibrium curve and therefore 
a decrease in the affinity of hemoglobin for oxygen. This favors oxy- 
gen unloading, thus increasing C(a-¥ DO2) and oxygen delivery to 
tissues. Similarly, decreases in Ps indicate a leftward shift of the 
oxyhemoglobin equilibrium curve and therefore increased affinity of 
hemoglobin for oxygen.’~® 
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* Values obtained at initial hemodynamic study. 
Values obtained within 4 to 6 hours of initial study. 
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TABLE | | | | Crece pi AL 
Clinical Data | hs 
AMI-HS E 
Age (Yr) Location Past Interval MAP* uot ! 
Case no. & Sex of AMI History (hr) (torr) (ml/hr) Clinical Course 
1 79F Ant CHF 26 62 14 Survived 
75M Ant at 18 62 20 Died 
3 Tot Ant bL.CHFE 233 83 12 Died l 
4 76F Inf z 96 57 21 Died e 
5 80F Inf H, D 12 78 20 Died irs. 
6 57F Ant D 19 54 17 Died a 
7 74F Inf H 6 86 12 Died E 
8 51M Inf H 7 103 40 Survived SS 
9 57F Inf AMI 20 63 46 Survived E 
10 47M Ant AMI 48 97 46 Sur vived ZU 
11 85M Ant zx 144 68 38 “Pump” failure, died on 9th day — 
12 64M Ant Ld 19 85 100 CHF; survived CN 
13 75M Inf AMI, D 24 85 206 Died of noncardiac cause E a 
14 53F Inf A2. 18 85 46 Survived "E 
15 49M Ant s. 77 87 50 CHF, pericarditis; survived ` 
16 72F Inf et 6 110 100 Sudden death on 6th day TON 
17 70M Ant et 12 80 50 Ruptured left ventricle; died: m. 
18 64M Inf AMI 13 75 38 Survived fO 
19 74M Ant see 6 85 242 Pulmonary edema; survived ae 
20 53M Inf TE 21 62 38 Survived x A VN 
21 65M Ant CHF 15 64 100 Extension of AMI; died on 10th day © 
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AMI = acute myocardial infarction; Ant = anterior; CHF = prior congestive heart failure; D = diabetes mellitus; H = arterial 


hypertension; HS = hemodynamic study; Inf = inferior; MAP = mean arterial pressure; UO = urinary output. 


Recently, increases in Po have been observed in 
patients with heart failure and acute myocardial in- 
farction?? and have been interpreted as a compensa- 
tory mechanism for increasing oxygen availability 
when systemic blood flow is reduced. This study was 
undertaken to quantitate the extent to which these 
changes in P59 compensate for decreases in cardiac 
output and modify the course of circulatory failure. 


Material and Methods 
. Patients 


Twenty-one patients admitted to the coronory care unit 
of the University of Southern California Center for the 
Critically Ill between November 1971 and December 1972 
were the subjects of this study. There were 12 men and 9 
women whose ages ranged from 47 to 85 (median 70) years. 

All 21 subjects had a diagnosis of acute myocardial infarc- 
tion based on a typical clinical history, characteristic Q 
waves and S-T segment changes in the electrocardiogram 
and significant increases in serum creatine phosphokinase, 
glutamic oxaloacetic transaminase and lactic dehydroge- 
nase. The clinical features of the 21 patients are summa- 
rized in Table I. 

Seven patients had acute circulatory failure (shock), 
characterized by clammy skin, mental obtundation, reduc- 
tion in intraarterial systolic pressure to less than 90 torr* or 
a decrease of more than 50 torr in patients who had sys- 
temic hypertension, urinary output of less than 30 ml/hour, 
and lactate concentration of arterial blood in excess of 1.4 


* torr = pressure of 1 mm Hg at 0? C and standard gravity. 


cm 


E 

millimole/liter. Four of the seven had anterior wall myocar- E. 
dial infarction and three had inferior wall infarction. Clini- - 
cal signs of shock appeared after an estimated interval of 
56 (2 to 216) hours after the onset of chest pain. Only one - 
patient with shock survived. as 
Among the remaining 14 patients, 9 survived for 15 days | 
or longer and 5 died, respectively, of ventricular arrhyth- | 
mia, extension of the acute infarction, cerebral death after - 
resuscitation from cardiac arrest, rupture of the left ventri- Sa 


cle and progressive congestive heart failure. | : [ 
^ RN 


Methods 


A 
Initial hemodynamic studies were performed in 15 pa- | 
tients during the first 24 hours after the estimated time of — 
infarction. In four patients the hemodynamic studies were _ 
undertaken after 48 hours (Table I). Informed consent was — 
obtained from all patients. After local anesthesia with 2 — 
percent lidocaine, a Swan-Ganz® catheter!? was inserted — 
into a basilic vein and advanced to the pulmonary artery; 
correct position was documented by characteristic pressure i 
curves and chest roentgenograms. The femoral artery was - 
cannulated percutaneously utilizing a thin-walled Teflon? — 
catheter (B-D Longdwel, 18 gauge, internal diameter 1.05. 
mm, length 20 cm). Pressures were measured with a Sta- . 
tham P23Db transducer, in conjunction with a two channel - 
(model 7702B) or eight channel (model 7878A) Hewlett- | 
Packard medical recorder. | CE 
Cardiac output was determined by the aye-dikuiloat 
technique using indocyanine green. The area under each . 
dye curve was calculated by numerical integration.!! 
— Blood was sampled simultaneously from the pulmonary | 
and femoral arteries within 3 minutes after inscription of. 
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.. Case CI (liters/min Hb (g/ Cao; O,TI (ml/min — C(avDO,) ER VO, (ml/min LAC 
s no. per m?) 100 ml) (vol 96) per m?) (vo! 95) (96) per m?) (mmole/liter) 
B | Acute Myocardial Infarction and Shock 
ex 1 1.6 13.0 18.88 302 4.27 22 68 2.04 
us 2 1.5 13.9 18.01 270 5.30 29 79 2.23 
EC. 3 1.3 13.0 16.08 209 7.68 47 100 | 2.42 
2 "d 1.1 8.6 12.37 135 6.18 49 66 4.10 
C 5 1.5 12.5 16.75 251 9.54 56 143 10.60 
m 6 E2 13.7 19.17 326 6.68 34 113 1.60 
Er 1.0 15.0 20.42 204 8.01 39 80 1.75 
Mean 1.4 12.8 17.38 242.4 6.80 39.4 92.7 3.53 
« +SEM +0.09 +0.76 +1.00 +24.6 +0.66 £4.54 £10.54 £1.21 
O AERE Oe ee 
pe. | Acute Myocardial Infarction Without Shock 
EM UM —————————————M——M MÀ 
E 8 1.9 15.0 20.67 393 5.95 28 113 1.72 
EAR 1.9 12.8 14.93 284 7.21 48 137 1.40 
3.6 17.3 23.06 830 6.11 26 219 0.92 
1.7 13.6 18.23 310 7.94 43 135 0.69 
2.1 15.8 20.19 424 6.47 32 136 1.10 
3.8 14.0 19.31 734 4.96 25 188 1.88 
2.8 12.4 15.88 445 5.60 35 157 0.49 
2.6 15.4 20.62 529 6.37 30 164 1.15 
1.6 15.6 21.29 341 9.70 45 155 1.71 
2.4 14.0 18.26 456 6.30 34 157 1.00 
1.6 14.6 17.60 282 8.39 47 134 1.88 
1.4 16.2 22.52 315 6.17 27 86 1.06 
1.7 15.0 20.21 344 6.98 34 119 0.76 
2.6 13.6 17.01 442 5.37 31 140 1.00 
2.3 14.6 19.27 437.7 6.68 34.6 145.7 1.19 
+0.20 +0.36 +0.64 +43.8 +0.34 +2.12 +8.65 +0.12 
Acute Myocardial Infarction and Shock vs. Acute Myocardial Infarction Without Shock 
<0.01 <0.025 NS <0.005 NS NS <0.005 <0.01 









I C(a-¥ DO) = arteriovenous oxygen difference; CI = cardiac index; CaO,- arterial oxygen concentration; ER = O, extraction 





. ratio; Hb = hemoglobin concentration; LAC = arterial lactate; NS = not significant; O,TI = O, transport index; P = proba- 
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. the dye curve. Blood gas analyses were completed within 15 


» minutes after blood withdrawal. The partial pressures of 


KC 


Y 


: 


oxygen (PO») and carbon dioxide (PCOs) and pH were 
. measured at 37? C with the standard electrode technique 
f utilizing a Radiometer system (Radiometer Company, Den- 
mark, model PHA 927). The saturation of hemoglobin with 


- oxygen (S02), carboxyhemoglobin saturation and hemoglo- 
_ bin concentration (Hb) were measured with a spectropho- 
_ tometer (Co-Oximeter, model 182, Instrumentation Labo- 
. ratories). 

- . Oxygen concentration was calculated by the formula: 
.Hbx 9680» X 1.39 + PO» X 0.0031. The oxygen transport 
_ index was computed as the product of the arterial oxygen 


r. 
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concentration and cardiac index.!2 The oxygen consump- 
“tion index was calculated by cardiac index X C(a-e DO») x 
. 10. The percent of oxygen extracted from the arterial blood 
. was calculated from the ratio of C(a-v DOs) and arterial 
oxygen concentration and expressed as extraction ratio. 
_ Lactate was measured by a semiautomated adaptation of 


_ the technique of Marbach and Weil.13 
__ Pso(pH 7.40 and 37° C) was calculated by the formula!4 
. Pso = 26.6 X PO2C/PO.S, in which POC represents the 
measured PO» of a venous sample corrected to standard 
conditions and POsS is the PO» corresponding to the mea- 
_sured oxygen saturation (corrected for carboxyhemoglobin) 
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bility; VO, = systemic O, consumption; SEM = standard error of the mean. 


on the standard oxyhemoglobin equilibrium curve as ob- 
tained with the aid of a computer program.!^ The resultant 
value for Pso was defined as the “calculated” Pso. The 
method by which Pso is computed from single measure- 
ments of pH, POs and SO; of venous blood has recently 
been validated in this laboratory.!9 The standard deviation 
of the differences between the “calculated” Pso and the 
"actual" P59 for 92 samples of blood with saturations be- 
tween 20 and 90 percent was +1.0 torr. In this study the 
"actual" Pso was obtained in three different ways: (1) The 
PO» was plotted against SO? and the Pso was read from the 
curve of best visual fit using the points of SOs between 20 
and 90 percent; (2) by Hill's equation!?; and (3) as the 
mean of four to six calculated P5, values. There was no sig- 
nificant difference between the Pso values obtained in 
these three ways. | 

The Student t test for unpaired data was used for statis- 
tical comparisons between groups of patients and the 
paired Student ¢ test for comparisons of sequential mea- 
surements in the same group of patients. 


Cardiac output, oxygen availability and anoxic 
metabolism: The cardiac and oxygen transport in- 
dexes were significantly decreased in patients with 





` Rat "m rr Fee ee z eR "i y p PEEP J ; FiO. 
O;TI C(a-wpo, ) 
ml/min/m? vol % 

500 7.0 
250 3.50 
0 0 

P-NS 
Vo, LAC 
145 ml /min /m? m M/liter 
3.50 
100 
1.75 
50 
0 0 





P«0.005 P «0.01 

FIGURE 1. Relation between initial values of oxygen transport index 
(OTI), arteriovenous oxygen difference [(C(A-VDO2)], systemic oxy- 
gen consumption (Vo,) and arterial lactate concentration (LAC) in 7 
patients with myocardial infarction and 14 patients with infarction 
complicated by shock. NS = not significant; P = probability; SEM = 
standard error of the mean. 


shock by comparison with values in patients without 
shock (Table II). However, arterial oxygen concentra- 
tions were not significantly different in the two 
groups of patients. The lower hemoglobin concentra- 
tions in patients with shock were in part related to 
the multiple blood samples removed for laboratory 
studies. Reductions in the oxygen transport among 
patients with circulatory failure were therefore relat- 
ed to reductions in cardiac output and, to a lesser ex- 
tent, to lowering of hemoglobin concentration. Oxy- 
gen consumption was significantly reduced in pa- 
tients with circulatory failure and this was associated 
with a concurrent increase in blood lactate. The re- 
duction in cardiac output was only partially compen- 
sated for by increases in C(a-v DO») and the oxygen 
extraction ratio (Table II, Fig. 1). 

In the absence of shock, the cardiac index was only 
slightly reduced and the oxygen consumption was 
within normal limits, confirming previous observa- 
tions by Valentine et al.!? Arterial blood lactate was 
normal in 10 patients, indicating that the oxygen up- 
take was sufficient for maintenance of aerobic metab- 
olism. The lactate values were slightly increased to 
levels from 1.4 to 1.9 millimoles/liter in four patients, 
two of whom were among the five who died. 

Ps) and oxygen extraction: When patients with 
shock were compared with those without shock, a dif- 
ference in Ps 9 was noted (Table IIT). P5o was signifi- 
cantly higher (P «0.05) and the affinity of hemoglo- 
bin for oxygen thereby less among those with shock. 
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CP 

Initial Values of Respiratory and Metabolic Variables - E. 

Rectal pHa vo,  Svo, o POM 

Case no.  Temp.(^C) (units) (torr) (%) (torr) 

Acute Myocardial Infarction and Shock a ` 

1 38.0 7.46 48 80.0 26.4 — 

2 39.0 7.28 49 65.0 29:77. 8 

3 39.0 7.47 28 46.0 24.0 35 

4 37.5 7.49 30 51:0 27.7. X8 

5 37.1 7.29 28 41.0 27.8. =a 

6 36.5 TAT BF 65.0 30.7 5 2 

7 37.3 7.47- 34 59.0 29.7 2 

Mean 37.7 741 36.3 58.1 28.0 «4 

SEM 120.35 +0.03 +3.38 +£5.03  +0.87 2 

Acute Myocardial Infarction Without Shock | a 

8 37.3 751 39 70.0 26.6 -4 
9 37.0 *41 28 43.0 23.4 — 

10 38.5 7.45 39 70.0 25.8 

11 37.6 7.46 27 54.0 24.7 — 
12 37.6 740 34 62.0 26.0 -— 
13 38.2 7.43 47 73.0 29.9 . 

14 37.0 7.45 34 59.0 24.8 549 
15 38.1 745 37 66.0 27.4 X 
16 37.0 2.16 =. 34 53.0 27.291 
17 36.7 3147 29 61.0 24.9 . 
18 37.2 7:36 527 45.0 28.5 . 
19 36.1 £34,543 72.0 26.5 . 
20 37.2 738. 32 63.0 24.8 — 
21 37.4 733° 36 61.0 26:49 
Mean 37.3 7.41 34.1 60.8 26.255 
«SEM +0.16 +0.01 +1.76 +2.51 £0.45 - 








Acute Myocardial Infarction With Shock vs. Acute Myocardial "A 
Infarction Without Shock Wd 

IU ii i 
P value NS NS NS NS «0.05 . 
pH, = arterial pH; Pvo. = PO, in mixed venous blood; - 


SEM = standard error of fhe mean; Svo, = oxygen satura- - 
tion in mixed venous blood; Temp. - temperature. P 
The in vivo Pao, representing Pso at the patients’ - 
temperature and pH, was not significantly different - 
from the Ps at 37° C and pH 7.40. Despite this in- - 


crease in Pso, C(a-v DOs) was not significantly higher - 
among the patients in shock, thus suggesting that | 
factors other than the affinity of hemoglobin for oxy- - 
gen altered oxygen extraction. zd 

Quantification of the effect of P5: The specific - 
effect of a rightward shift of the oxyhemoglobin equi- . 
librium curve on oxygen availability was next exam- - 
ined. We compared the C(a-v DO») calculated on the - 
basis of the oxygen saturation derived from the mea- - 
sured PO» according to the Severinghaus equation,’ — 
which assumes a normal Pso, with the C(a-v DO») ob- - 
tained from the measured oxygen saturation. In 21 
normal persons previously studied in our laboratory, 
the Pso averaged 27.0 + 1.3 (standard deviation) torr. 
In 9 of the 21 patients in the present series, the P5o 
exceeded 27.0 torr, averaging 28.7 + 0.42 (standard | 
error of the mean) torr (Table II). The pH averaged 
7.40 + 0.02 units and the temperature 37.5 + 0.259 C. 
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CI (liters/min 


E- Pu (torr) per m?) Hb (g/100 ml) 


LAC 


C(a-v DO.) ! 
(vol 96) (ml/min per m?) (millimoles/liter) Interval 
Toe bruit i certnm edes par er E 
à b a b a b (hr) 





Acute Myocardial Infarction and Shock 


a E ue 
E v 7 
ee 
r Q q 

7 E 

? Qs - 

p oe 

» of . 

| 


26.4 37.0 1.6 1.6 13.0 10.0 
29.7 34.5 1,5 1.1 13.9 11.8 
24.0 32.6 1.3 1.2 13.0 10.0 
27.7 27.6 1: 1.5 8.6 11.6 
30.7 33.0 I7 2.1 13.7 11.0 
29.7 28.3 1.0 1.0 15.0 15.0 
28.0 32.6* 1.4 1.4 12.8 11.6 
£1.02 +1.7 £0.10 +0.16 +0.90 +0.75 


4.27 6.35 68 102 2.04 1.65 22 
5.30 9.77 79 107 2.23 5.300; 48 
7.68 8.60 100 103 2.42 2.50 69 
6.18 6.37 66 96 4.10 1.30 7 
6.68 KIS- IIS 112 1.60 2.31 . 44 
8.01 7.48 80 75 1.75 6.73 4 
6.35 7.31 84 99* 2.35 3.29 32 
£0.57 +0.67 +7.56 +5.30 0.36 +0.89 


M Acute Myocardial Infarction Without Shock 
xí ee e E IMMER SCHSRUONPE v s Se EIS PCRS PAG OM PARUMPER eae eV eRe CHINA DEVI Ge 1 


EB 26.6 26.6 1.9 Ti 485g pud 
i: 9 23.4 30.0 1.9 Lá: (428 ^1 
TOM 24.) 33.8 1.7 15733 5e. 138 
ATE n 26.0 26.5 2.1 X4- 158 162 
“hee GC 27.4 28.0 2. 2.9 154 146 
E21 26.4 26.3 2.6 S06): 1$6 1380 
| Mean 25.7 28.5 2.1 22". 144 "13,6 
E. #SEM 20.59 +1.19 40.15 +0.27 +0.48 +0.84 


— * =P « 0.05 (a vs. b) 


5.95 Su, LL 121 1.72 2.80: 24 
7.21 6.45 137 90 1.40 0.82 34 
7.94 G.77.  I35 101 0.69 0.82 5 
6.47 8.20 136 197 1.10 0.95 — 23 
6.37 5.37 164 157 1.15 1.43 5 
5.37 5.0 140 150 1.0 1.0 16 
6.55 6:17 "137 136 I7 1.30 18 
£0.37 20.49 16.62 ^ 116.2. 10.144. x0:31 


ee Ge Was initial values; b = values obtained at the time of the highest P,,; Cl = cardiac index; C(a-v DO 4) = arteriovenous oxygen 
| difference; Hb = hemoglobin concentration; LAC = arterial lactate concentration; SEM = standard error of the mean; VO, = 


4 gno consumption. 
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Pts these nine patients, the C(a-v DOs) based on mea- 
~ sured saturations exceeded calculated values by 1.07 
_ + 0.29 volumes percent (P <0.01). Consequently, es- 
-timates of oxygen consumption based on measured 
- oxygen saturations and simultaneous determinations 
of cardiac index were 20.0 + 8.64 ml/min per m? (P 
_ <0.05) greater than those based on calculated values 
of oxygen saturations. This is equivalent to a 19 per- 
centi increase in cardiac index. 
E Pso changes over time and their influence on 
oxygen availability: In 12 patients, including 6 who 
- were in shock, adequate hemodynamic and metabolic 
J. measurements were available after the initial studies 
_ (Table IV). These data were used to further assess 
_ the extent to which increases in P5o might compen- 
: sate for reductions in cardiac output. Results herein 
hi reported refer to maximal increases in Psp that were 
- observed at intervals ranging from 4 to 69 hours after 
the initial measurements. Among the patients with 
_ shock, the average Ps 9 increased by 4.6 torr (P 
~<0.05), the C(a-v DO») by 0.96 volume percent, and 
` the oxygen consumption by 15 ml/min per m? (P 
. 0.05); the hemoglobin concentration was reduced in 
_ four of the six patients, but the differences were not 
_ statistically significant. Since there was no significant 
change i in cardiac index, the increase in oxygen con- 
_ sumption was accounted for by the increased C(a-v 
_DOə). Although the oxygen consumption increased 
significantly, it still remained in a subnormal range 
pad lactic gronpeis persisted during the period of ob- 
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servation as an indication of persistent anaerobic me- 
tabolism. In the patients without shock no significant 
changes in Ps5o, cardiac index, C(a-v DO;), oxygen 
consumption or lactate were observed. 

When increases in P5ọ were observed in the ab- 
sence of shock, cardiac output was usually decreased. 
In Patients 9 and 11, substantial increases in P5, fol- 
lowed concurrent reductions in cardiac output (Table 
IV). Once again, increases in Pso were related to re- 
ductions in systemic blood flow. 


Discussion 


In this study we confirmed a significant reduction 
in cardiac index among the patients with circulatory 
failure and further demonstrated a parallel reduction 
in oxygen transport and oxygen consumption. Oxy- 
gen consumption was calculated from cardiac output 
and arteriovenous oxygen difference rather than 
measured directly. In these critically ill patients, 
measurements that require the patient’s cooperation, 
such as the direct measurement of oxygen consump- 
tion, are often not feasible. 

Oxygen consumption is a function of both supply 
and demand. The reduction in oxygen consumption 
could therefore be due to a decrease in supply or de- 
mand, or both. The possibility that a reduction in 
oxygen demand exceeds the reduction in supply is 
excluded in patients with shock by the presence of 
lactic acidosis. This indicates that tissue demands for 
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oxygen were greater than the supply, resulting in an- 
aerobic metabolism. 

A reduction in oxygen supply was indicated by the 
decrease in cardiac output and oxygen transport. 
Since the arterial oxygen concentration approximat- 
ed normal value and the arteriovenous oxygen differ- 
ence was increased, the reduction in oxygen transport 
and consumption are both attributable primarily to 
the reduction in cardiac output. 

This interpretation of the basis for the reduction in 
oxygen consumption is consistent with the findings 
in patients without shock. In these patients cardiac 
output was only slightly reduced and the increase in 
oxygen extraction from arterial blood allowed for an 
equilibrium between oxygen supply and demand that 
was reflected by the normal values of both oxygen 
consumption and arterial lactate. 


Compensatory Mechanisms for Reduced 
Oxygen Supply 


The mechanisms by which a patient may compen- 
sate for a reduction in cardiac output include redis- 
tribution of blood flow and increased tissue extrac- 
tion of oxygen.?9?! Redistribution of blood flow prob- 
ably occurred among patients with shock but was not 
specifically quantitated in our study. However, the 
extraction of oxygen was increased, as demonstrated 
by the arteriovenous oxygen difference, which ex- 
ceeded 6 volumes percent, and the extraction ratios, 
which were greater than 30 percent. These findings 
are in contrast to data from studies on normal 
subjects in whom Reeves et al.?? observed values for 
arteriovenous oxygen difference ranging from 3.5 to 
4.5 volumes percent and from Parer et al.,?? who doc- 
umented extraction ratios averaging 21 percent. 

Pso was characteristically increased in patients in 
whom acute myocardial infarction was followed by 
circulatory failure; these results parallel those of 
other investigators. Woodson et al.?* and Metcalfe et 
al.8 related the increase in P569 to reductions in cardi- 
ac output in patients with chronic heart failure. Sha- 
pell et al.2° documented increases in P59 among pa- 
tients in whom angina pectoris was induced by atrial 
pacing. Decreases in the affinity of the hemoglobin 
for oxygen also have been reported in human subjects 
after ascent to high altitudes.” Increases in P5 in 
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patients with acute myocardial infarction recently re- A $ 
ported by Kostuk et al? were more pronounced . 
among patients whose clinical course was complicat- t 
ed by heart failure. Since P5o was significantly in- - 


creased in the majority of our patients with circulato- 


ry failure at the time of the initial measurements, a - 
larger arteriovenous oxygen difference would be an- — 


ticipated among such patients than in those without 


shock. However; this was not the case, indicating that — 
factors other than the affinity of the hemoglobin for _ 
oxygen are involved in the extraction of oxygen at the — 


tissue level. Among such factors, peripheral arterio- 
venous shunting, with part of the cardiac output by- 


passing ischemic areas, or reduced capability of the . 
cells to take up oxygen, or both, might account for - 
the unexpectedly high levels of mixed venous oxygen ` 


saturation observed among the patients with shock. 


Quantitative Effect of Increased Ps56 


Our data demonstrate that the rightward shift of — 


the oxyhemoglobin equilibrium curve would by itself 


provide an estimated 18 percent increase in oxygen — 
availability. Whether this shift in the position of the ` 


curve will actually increase oxygen release by the 


same amount is contingent on the presence of addi- — 


tional factors such as peripheral shunting and the ca- 
pability of the cells to take up oxygen at a given time. - 


The impact of an increase in P5o on the progression E 
of circulatory failure may further depend on the time - 
course of such changes. In the majority of the pa- 
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tients in this series, the highest Ps9 values were noted — 


more than 24 hours after the onset of circulatory fail- 


ure. Although significant 1 increases in oxygen uptake © 
followed increases in Pao, it is not as yet known > 


whether this occurs rapidly enough to affect survival. 
Nevertheless, increases in Ps9 represent a potentially 


important compensatory mechanism when critical re- 


ductions in systemic flow limit survival after acute 


myocardial infarction. This mechanism may have | 
added significance since oxygen availability is im- - 
proved by the enhancement of oxygen release at the - 


capillary level without augmenting the work load of 


the heart. In patients with acute myocardial infarc- — 
tion an increase in Ps also may be beneficial by in- - 
creasing oxygen release to ischemic areas, thereby po- - 


tentially reducing the size of the infarction.” 
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Precordial S-T segment mapping has been used to evaluate the extent — 


of ischemic injury in patients with acute myocardial infarction. Be- 


cause precordial S-T segment mapping is time-consuming and is limit- — 


ed to patients with anterior wall myocardial infarction, we evaluated 


the possibility of using the magnitude (ST-VM) and direction (ST-VD). 


of the S-T vector, derived from X, Y and Z leads of the Frank vector 
system, as a substitute for the precordial S-T segment mapping tech- 
nique. 

Precordial S-T segment mapping and Frank system vectorcardio- 
grams were simultaneously obtained in three groups: (1) nine normal 
subjects; (2) nine patients with persistent S-T segment elevation 2 to 
15 months after acute anterior myocardial infarction; and (3) nine pa- 
tients with acute anterior myocardial infarction studied on 41 occa- 
sions. For both systems the S-T segments were analyzed 20 and 60 
msec after completion of inscription of the QRS complex. The sum of 
the S-T segment elevations for the 35 sites (2ST) and the number of 
sites (NST) in which S-T segment elevations exceeded 0.1 mv were 
computed for the precordial S-T maps. The ST-VM and ST-VD were 
calculated by standard formulas from X, Y and Z lead tracings of the 
Frank vector system. Good correlations were observed between: 
ST-VM and ÈST (r = +0.818 and +0.791 at 20 and 60 msec, respec- 
tively, P <0.001); and ST-VM and NST (r = 10.773 and +0.705 at 20 
and 60 msec, respectively, P «0.001). Furthermore, changes in the 
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location of S-T segment elevations in serial precordial S-T segment Žž 


maps were reflected by changes in ST-VD. Observations in patients 
with inferior wall myocardial infarction suggest that ST-VM and ST-VD 
can be serially followed in such patients. Thus, estimation of the mag- 
nitude and direction of the S-T vector is a simple alternative to stan- 
dard precordial S-T segment mapping that allows for continuous moni- 
toring of S-T segment elevations in all patients with acute myocardial 
infarction. 


The degree and extent of epicardial S-T segment elevation have been 
used to evaluate myocardial ischemic injury in animal experi- 
ments.!-? Maroko et al.? found a good correlation between epicardial 
S-T segment elevation and the extent of injury to the underlying 
myocardium, as determined by depression of myocardial creatine 
phosphokinase activity.” | 


Recently, precordial S-T segment mapping has been used in man | 


to delineate alterations in myocardial ischemia,* examine the effects 
of therapy on the extent of myocardial ischemia and detect exten- 
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- dk Sex | 

E - mo. of Age (yr) (aver- no. of 
E | Group Patients M F  ageandrange) Studies 
|. |» (normal) 22 942v758(35-829) — 11 
— . M (acute p 709.5 750435372) $43 
n a ; myocardial 

B^ infarction) 

Lo . MI (persistent 9 7 2 51 (32—66) 12 
LA S-T elevation) 
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. sions of myocardial infarction.” However, because the 
ye ane requires the recording and measurement of 
. 95 to 72 separate electrocardiographic complexes, it 
is a laborious and time- -consuming process. Further- 
more, Maroko et al.? have stated that the technique 
- should not bé used in patients with inferior wall myo- 
 cardial infarction. 

- We? have recently demonstrated that it is feasible 
Rio record the vectorcardiogram continuously in pa- 
Horta with acute myocardial infarction. In view of 

- the aforementioned limitations of precordial S-T seg- 
1 -. ment mapping, we evaluated the possibility of using 
S the magnitude and direction of the S- T segment vec- 
: tor as a substitute for the precordial S-T segment 
mapping technique.?2 
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Methods 
. Patient Groups 


— We studied, 29 patients classified into three groups 

(Table I). Group I (normal subjects) consisted of nine men 
_ who had no history of cardiovascular disease and who had a 
f - normal cardiac examination and 12 lead electrocardiogram. 
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_ Group II (acute myocardial infarction) consisted of 11 pa- 
— tients who had clinical, enzymatic and electrocardiographic 
~ evidence of acute myocardial infarction. Nine of the 11 had 
E: anterior wall infarction by electrocardiographic criteria and 
2 had inferior wall infarction. The latter two are discussed 
separately; they were not included in the statistical analy- 
. sis because of the limitations of precordial S-T mapping in 
— inferior wall infarction. Group III consisted of 9 patients 
who had had an acute myocardial infarction 2 to 15 months 
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- . previously and who had persistent S- T elevation in the pre- 
_ cordial leads of the 12 lead electrocardiogram. Sixty-six 
_ studies were performed in the 29 patients (Table I). The 
- small number of women (4 of 29) is due to difficulties in ac- 
-— curate placement of precordial electrodes in these patients. 
CE 

"P 


. Data Collection 


Precordial S-T segment mapping: A “chest blanket" 
. with 35 holes (2 cm in diameter) was constructed of thin 
— sheet rubber. The 35 holes were placed in a 5 by 7 grid; the 
— 5 horizontal holes were designated by the letters A (top) to 
— E (bottom), and the 7 vertical columns were numbered 
| — from 1 (patient's right) to 7 (patient's left). The holes were 
- spaced according to the method of Maroko et al. The chest 
t 4 blanket was taped on the patient’s chest with the top right 
-hole (A1) placed in the second intercostal space at the right 
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parasternal line, and the bottom left hole (E7) at or close to 
the sixth intercostal space in the left midaxillary line. With 
subjects in the supine position, a pediatric size chest elec- - 
trode (Welsh electrode, Bowen and Co., Bethesda, Md.) 
was sequentially applied to the chest wall through the 35 
holes, using an electrode paste (Redux Creme, Hewlett- 
Packard Corp., Palo Alto, Calif.) Several complexes were 
recorded at each point on a standard electrocardiograph ~ 
(Cardi-O-Mite, model S-200, Bendix Corp., Rochester, 
N. Y.) at a paper speed of 25 mm/sec and a standardization 
of 1 mv/10 mm. 

Frank system X, Y and Z lead recording: While the 
precordial S-T segment map was being recorded, a continu- 
ous recording of the X, Y and Z leads was made, using the 
technique previously described. In this technique, the 
Frank X, Y and Z leads are continuously monitored and re- 
corded on a strip chart recorder. Eight disposable elec- 
trodes are applied to the patient according to the Frank 
lead system,’ with five electrodes on the thorax, one elec- 
trode on the back of the neck and one electrode on each leg. 
A special resistor network transforms the information from 
the leads into the conventional Frank X, Y and Z signals. 
These signals (corresponding roughly to leads I, aVF and 
Vi, respectively, of the routine 12 lead electrocardiogram) 
are routinely displayed at the patient’s bedside and at the 
nursing station. When permanent records are desired (as in 
this study, for example), the X, Y and Z leads are recorded 
at a paper speed of 100 mm/sec with a standardization of 
either 20 or 40 mm/mv on a pressurized ink direct recorder 
(Brush Mark 880, Gould Corp., Cleveland, Ohio). Repre- 
sentative tracings are shown in Figure 1. We® have pre- 
viously found excellent agreement between vectorcardio- 
graphic loops obtained with a standard commercial vector- 
cardiograph (Hewlett-Packard, model 1507A) and those 
obtained by plotting our Frank X, Y and Z leads against 
one another. We routinely use one or more of the Frank 
system signals instead of the usual single lead system to 
monitor the rhythm of patients in our myocardial infarc- 
tion research unit.® | 

Tracing analysis: In all tracings, the isoelectric base 
line was determined by drawing a straight line between 
P-R segments of adjacent beats. All measurements were 
made with reference to this isoelectric line and were re- 
corded in millivolts. The termination of the QRS complex 
was visually determined for each beat, and the S-T eleva- 
tion 20 and 60 msec after termination of the QRS inscrip- 
tion were recorded for the 35 precordial leads and the X, Y 
and Z leads (Fig. 1). The sum of S-T elevations (in milli 
volts) for the 35 precordial sites was computed and termed 
EST. The number of sites in which S- T segment elevation 
exceeded 0.1 mv was also computed and termed NST.® 

Calculation of the S-T segment vector: The magni- 
tude, azimuth and elevation of the S- T vector were calcu- 
lated using the following standard formulas: 


Magnitude (ST-VM) | X^ + Y? -Z 


Azimuth — (ST-AZ) 
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(ST-EL) 
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Elevation 


Magnitude is expressed in millivolts, and azimuth and ele- _ 


vation are expressed in degrees. We chose a reference sys- _ 
tem in which 0? azimuth is to the patient's left, 90? azi- 
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FIGURE 1. Representative Frank system X, Y and Z Acute Anterior Lia ME cute " nor NYOCOT; “4 
lead recordings in two patients with anterior (left) and Infarction Infarction Yd 
inferior (right) wall myocardial infarction. The begin- coc 
ning and end of the QRS complex are indicated by the 20 MAG, 60 SO. 20 msec. OOmsec. 
lighter vertical lines. Measurements were made 20 and + + E P cad 
60 msec after QRS inscription, as indicated by the X 015 my 01/5 mv X 005 mv 00/5 m ^ 
darker vertical lines. Below are shown the measured Y -0025mv  -005mv Y *0.l25mv *0.125m E 
values (in millivolts) for each lead, as well as the calcu- + + rs at 
lated magnitude (ST-VM), azimuth and elevation for the Z 0.30 mV 0.425 my Z 0.025 my 00 WW cs 


S-T segment. In the X and Y leads, positive forces are 
upward, but this orientation has been reversed in the Z 
lead to aid orientation with the standard 12 lead elec- 
trocardiogram. 


muth is anterior to the patient, 180? is to the patient's 
right and 270? is posterior to the patient. With respect to 
elevation, —90? is at the patient's head, 0? at the horizontal 
plane through the heart and +90° at the patient's feet. 

Reproducibility and variability of the techniques: To 
test reproducibility of the techniques, simultaneous precor- 
dial mapping and Frank X, Y and Z recordings were made 
on two occasions, less than 30 minutes apart, in each of six 
patients in stable condition. Tracings for both tests were 
analyzed by the same person. Paired t test analysis re- 
vealed that there was no difference between the two re- 
cordings with respect to the ST-VM, XST or NST at 20 or 
60 msec after QRS inscription. Because the tracings were 
analyzed by more than one person, on eight occasions the 
same tracings were analyzed independently by two observ- 
ers to test variation among observers. No systematic differ- 
ences were noted, and the maximal difference between the 
two observers was 13 percent (for XST at 60 msec after 
QRS inscription). 

Data analysis: All data were punched onto cards, and 
analysis was performed on a digital computer (XDS Sigma 
3). Standard statistical techniques were used to calculate 
correlation coefficients, regression equations and results of 
paired and unpaired t tests.!° 


ST-VM +0.34 mv 


Azimuth +63° +68° 
Elevation -4° -6° 


*046mv  ST-VM *OlMmy +0.l5mv - 


Azimuth +207°  +180° — 
Elevation +66° +59° 


Results 


Correlation between ZST and NST of precor- 
dial S-T mapping and ST-VM of the Frank X, Y 
and Z lead recordings: Data from 51 observations* | 
of simultaneous precordial S-T mapping and the 
Frank X, Y and Z lead recordings are compared in. 
Figures 2 and 3. Data from all three patient groups 
are included. Figure 2 demonstrates that there is a 1 
moderately strong correlation between the ST-VM _ 
and XST 20 and 60 msec after completion of the QRS - 
complex inscription. Correlations were equally strong | 
for both men and women (r = +0.871 and +0.865 for © 
men and women, respectively, 20 msec after inscrip- | 
tion). Figure 3 demonstrates that there is also a good — 
correlation between ST-VM and NST at both times — 
after QRS inscription. Again, correlations were | 
equally good for both men and women (r = *0.781 | 


* Data from 15 observations (2 in patients with inferior wall myo- — 
cardial infarction, 6 from reproducibility tests and 7 from variability - 
tests) were not included in the analysis of correlation between the — 
two techniques. uM 
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2. The S- vector magnitude (ST-VM) obtained from Frank system X, Y and Z lead recordings is plotted against the sum of the |. 
| nts ESN. obtained by chest wall mapping. The data, obtained 20 (left) and 60 (right) msec after completion of the QRS complex, ei 
I c ps studied. Correlation coefficients and the regression equations are shown. The solid line is the regression line, the inner ae 
pe ae Dalat gama and the outer dashed lines are the prediction bands. | 
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Correlation of changes in the distribution of 
S-T elevations in precordial mapping and the 
S-T vector direction: We also attempted to corre- 
late the distribution of S-T segment elevations, as 
determined by S-T segment mapping, with the S-T 
vector direction, as determined from the Frank X, Y 
and Z recordings. Thus, in addition to ST-VM, the 
azimuth (ST-AZ) and elevation (ST-EL) of the S-T 
segment were calculated for each set of X, Y and Z 
lead tracings. Figure 5 shows serial data from S-T 


e e 2 SST in mv 
= ST-Minmv 


FIGURE 4. Serial data for ST-VM (A) 
and ÈST (O) in two patients (CR and 0 
SP) are shown. Note the close corre- 
lation between the changes calculat- 
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mapping and Frank leads in a patient with an anteri- . 
or wall myocardial infarction. Peak voltages occurred — 
in columns 2 and 3 of the chest mapping throughout — 
the patient's course, and this was reflected by the 
S-T vector azimuth, which remained within a narrow - 
range of 78? to 90°, whereas S-T vector elevation did . 
not change significantly. 

In contrast to Figure 5, from a patient in whom the ~ 
precordial location of S-T segment elevations did not 
change, the data in Figure 6 are from a patient with 
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DAYS AFTER ACUTE MYOCARDIAL INFARCTION X 


ed by the two techniques. | 
3-17-73 3-18 3-19 3-20 3-30 4-24 
(Day!) (Day 2) (Day 3) (Day 4) (Day M) (Day 39) 
3l mv 12 mv mv 
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FIGURE 5. Serial data are shown for 
precordial S-T mapping (upper row) 
and Frank X, Y and Z lead recordings 
(lower row) in a patient with anterior 
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myocardial infarction. In each panel 1234567 
of the upper row, the sum (in milli- Verticol Column 
volts) of the S-T segments for each +010 +020 mv 


S-T mapping vertical column is plot- 
ted. For example, the sum of S-T ele- 


vations on day 1 in vertical column 1 +010 
(the most rightward column on the E 
patient's chest) was 0.7 mv. On the *020 


same day, the sum in vertical column 
4 was 0.9 mv. In the Frank leads re- 
corded at the same time (lower 
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row), the S-T elevation was 0.2 mv in E Y-003mv +005 +005 0 -004 +0005 -001 
lead Z and 0.03 mv in lead X. Plotting Z,*020mv *023 *015 *018 +0088 +0068 i 
Gennes Daly levees © vacinr magn. ST-VM=0.204my 0.236mv — Ol55mv 0.18 my 0089mv 0068m — — 
tude of 0.204 mv and an azimuth of ane SA es P j | 
81° in the horizontal plane: Notation Azimuth = 8] 78 90 88 82° 90° 

as in Figure 1. Elevation = -8° +4° 
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3 ‘anterior vali infarction sus manifested significant 
A orien in the distribution of S-T elevation on S-T 


| umn 5 on i the 5th hospital day, when clinical signs of 
E Duriearditia developed. This was reflected in the 
P rupi leads 5 a significant shift in S-T azimuth 
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Precordial S-T Segment S-T Vector Calculation 








Mapping using Frank Vector 
System 
^ [2530155 6:7 X =-0.01mv 
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SE 5-T segment 20 mec. 8 0000000 Z = +0.085 mv 
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ping shifted back to column 3, and S-T vector azi- 
muth returned to the previous direction as well. 
Thus, shifts in the distribution of S-T elevations as 
measured by precordial mapping are simultaneously 
reflected by changes in S- T elevation and azimuth, as 
measured by Frank X, Y and Z leads. 

Validity of Frank X, Y and Z system in inferior 
wall myocardial infarction: Data from a patient 
with an inferior wall myocardial infarction are shown 


FIGURE 6. Serial data are shown for pre- 
cordial S-T mapping (upper row) and Frank 
X, Y and Z lead recordings (lower row) in a 
patient with anterior wall infarction who 
manifested significant changes in the distri- 
bution of S-T segment elevations on the 5th 
hospital day. Both techniques reflect shifts in 
distribution and direction of S-T elevation. 
See text for explanation. Notation as in Fig- 
ures 1 and 5. 


FIGURE 7. Comparison of S-T segment 
mapping (left) and Frank X, Y and Z leads 
(right) in a patient with inferior wall acute 
myocardial infarction. Values (in millimeters) 
for each of the 35 precordial sites are 
shown for both 20 and 60 msec after com- 
pletion of the QRS complex. Other notation 


 asinFigure 1. 
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data were gathered, from 1 (admission) to 


in Figure 7. Precordial S.T segment mapping re- 


vealed no S-T elevations 20 msec after QRS inscrip- 
— tion, and only minimal S-T elevations 60 msec after 


QRS inscription. However, the extent and location of 
S.T elevation were reflected in the simultaneously 
recorded Frank X, Y and Z leads. The magnitude of 
the S- T vector was 0.094 mv 20 msec after QRS in- 
scription, and the inferior location of the infarct was 
reflected by an S-T vector elevation of +25°. 


Utility of Frank X, Y and Z leads for serial 
studies: Because the Frank X, Y and Z leads can be 
continuously recorded, the niagnitude and direction 
of the S-T segment vector can be easily determined 
at any time without disturbing the patient. An exam- 
ple of the utility of the technique is shown in Figure 
8. In this patient, who had an inferior wall infarction, 
the Frank leads were continuously recorded on a fre- 
quency modulation analog tape recorder (Honeywell 
7600, Honeywell Corp., Denver, Colo.). At a later 
time, strip chart recordings were made of the leads at 
significant periods in the patient’s course, and S-T 
vector magnitude, azimuth and elevation were calcu- 
lated. On admission, the patient had third-degree 
atrioventricular (A-V) block, and the S-T magnitude 
was at a maximal value. Subsequently, 16 other cal- 
culations of vector magnitude were made over a 48 
hour period, without disturbing the patient at any 
time. Intermediate levels of vector magnitude were 
noted when the patient had second degree block of 
the Wenckebach type. A direct correlation was noted 
between the S-T vector magnitude and the P-R in- 
terval when the patient had first degree A-V heart 
block (r = +0.90, P <0.001). Although the data 
suggest that in this patient there was a direct relation 
between myocardial ischemia and the extent of A-V 
heart block, no conclusions should be drawn from 
this single study. These data are shown merely to il- 
lustrate the flexibility and utility of this technique. 
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FIGURE 8. Relation between the severity of 010 
A-V block and serial S-T vector magnitudes 
(ST-V*.4) in a 51 year old man with an inferi- 
or wall myocardial infarction. The numbers 
refer to the chronologic order in which the 


17 (48 hours after admission). When the pa- 0 
tient had first-degree A-V block, there was a 

strong correlation between the P-R interval 

and ST-VM (r = +0.90, P <0.001). AV = 
atrioventricular; PR — P-R interval. 
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Discussion | : 1 
The amount of S-T segment elevation in a QRS-T _ 
complex is thought to correlate with myocardial isch- . 


emia. In 1949, Wegria et al.! showed that epicardial | 
S-T segment elevation in dogs correlated well with - 





induced reductions in coronary blood flow. More re- A 
cently, Maroko et al.? recorded epicardial electrocar- _ 
diograms on the anterior surface of the left ventricle * 
in the distribution and vicinity of an occluded branch — 
of the left anterior descending coronary artery. They a 
found that elevation of the S-T segment accurately — 
reflected the severity and extent of myocardial isch- — 
emic injury. In other canine experiments,” the same _ 
group demonstrated good correlations between myo- — 
cardial ischemia and S-T segment elevations record- _ 
ed from the chest surface. =| 

Several recent studies have documented the clini- 2$ 


cal usefulness of quantitating S-T segment elevation 2 
in precordial electrocardiographic leads. Pelides et . 5 
al. and Maroko et al. showed the value of precordial a 
S-T segment mapping in delineating alterations in . 
myocardial ischemia and in examining the effect of ; 
therapy on the extent of ischemia in patients with - 
myocardial infarction. Reid et al.” found such map- — 
ping useful in detecting extensions of myocardial in- — 
farction, some of which were not detected by routine - 
12 lead electrocardiogram. Nielsen!! and Wilson and — 
Pantridge!? found that the magnitude of S-T eleva- - 
tion gave valuable prognostic information that was 
useful in selecting patients for prolonged monitoring. 
In light of these findings, we believed that evalua- - 
tion of the S-T segment would be a useful clinical — 
and research tool. However, because precordial ST 
segment mapping is a relatively time-consuming and — 
laborious procedure, we examined the possibility of — 
using determination of the magnitude and direction — 
of the S-T vector in the Frank system vectorcardio- - 
gram as a substitute technique. Our data reveal that - 
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d Uie technique is a NOR UA substitute, and that the 
. data obtained have a moderately strong positive cor- 
. relation with those obtained from S-T segment maps 
. recorded by usual methods. The method is feasible in 
Bieten: with acute inferior wall infarction (Fig. 7), 
. and can also be used for multiple serial studies (Fig. 
.. 8). In addition, since the magnitude and direction of 
F the S-T segment are calculated on a single beat 
.. (using the three simultaneously recorded leads), even 
E - beat to beat changes in S- T segment elevation can be 
if evaluated. This latter feature should be helpful in 
_ evaluating the time course of interventions such as 
y nitroglycerin that might be expected to rapidly affect 
: myocardial ischemia. Furthermore, the method re- 
. flects changes i in direction in the S-T segment (Fig. 5 
/ and 6). In view of these advantages, the technique 
. should be useful for monitoring the S- T segment in 
3 clinical and research studies. 
Causes of variations in the two techniques: In 
comparing data from our technique with data ob- 
tained using S-T segment mapping, we noted correla- 
- tion coefficients in the range of 0.8 (Fig. 2 and 3), in- 
- dicating that approximately 64 percent (0.82) of the 
: variation in our technique could be explained by 
H _ variation in the standard S- T segment mapping tech- 
- nique.!? Causes for the other 36 percent of the varia- 
ie tion may include the following: (1) Experimental 
error, including measurement error (different stan- 
" dardizations and paper speeds were used in the two 
- techniques) as well as errors in recording and place- 
— ment of electrodes. (2) Assumption of a single cardi- 
- ac dipole. Vectorcardiography (and thus our tech- 
E. nique) assumes a single cardiac dipole, whereas S-T 
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segment mapping, diizhng individual body surface 
recordings, does not. On the basis of recently re- 
ported studies,^!^ we believe that this source of 
error probably accounts for less than 15 percent of 
differences. (3) Errors due to infarct location. Our 
technique is influenced by all changes i in the S- T seg- 
ment, whereas S-T segment mapping is influenced 
mostly by those changes that occur in the area being 
mapped. Thus, an anterolateral myocardial infarc- 
tion might produce S-T segment elevation over parts 
of the chest wall not being mapped; this event would 
presumably be reflected by our technique, but not, of 
course, by S-T segment mapping, and would thus 
contribute to the variation noted in Figures 2 and 3. 

Clinical implication: We used continuous record- 
ings of Frank X, Y and Z leads to calculate the mag- 
nitude and direction of the S-T segment in normal 
people and in patients with new and old myocardial 
infarction. The data thus obtained were compared 
with data obtained from standard precordial S-T seg- 
ment mapping techniques, and moderately strong 
correlations were found between the two approaches. 
The Frank technique is simple, easy to use and useful 
in all locations of myocardial infarction. It should 
prove useful in clinical and research studies in pa- 
tients with myocardial infarction. 
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This report describes the reappearance of anterior QRS electrical forc- 
es in six patients after direct coronary arterial bypass surgery. Each 
patient had severe coronary artery disease including a segmental ste- 
nosis of the left anterior descending artery. Revascularization was per- 
formed by direct anastomosis of the left internal mammary artery to 
the left anterior descending coronary artery and saphenous vein by- 


pass of other stenotic coronary arteries. Preoperative electrocardio- — 


grams and vectorcardiograms showed patterns of anterior wall myo- 
cardial infarction with absent or diminutive anterior QRS forces. In 
each case, postoperative studies demonstrated the regeneration of an- 


terior QRS forces within 10 days of operation. Although these patients — 
represent a small percent of those with a preoperative pattern of in- 


farction who undergo coronary revascularization, the findings demon- 
strate that electrically silent areas of myocardium may be altered and 


are not always synonymous with myocardial cell death. Chronic myo- 
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cardial ischemia may in certain instances produce electrocardiograph- _ 


ic and vectorcardiographic patterns of myocardial infarction that may 


be reversible upon reestablishment of perfusion to ischemic areas. 


Vectorcardiography has become a useful adjunct in the pre- and post- 
operative evaluation of patients undergoing coronary arterial surgery 
and in conjunction with standard electrocardiography has been used 
to assess the incidence of perioperative myocardial infarction.” 


In the study described here, vectorcardiography demonstrated = 


early after direct coronary arterial bypass surgery abolition of the 


preoperative pattern of anterior wall myocardial infarction. Although . 


previous reports?4 have shown that Q waves in standard electrocardi- 


ograms may be transient and are not always associated with irrevers- . 


ible myocardial damage, the reversible nature of electrically silent . 


areas of myocardium? has not previously been documented after cor- 
onary bypass surgery or corroborated by vectorcardiography. 


This report describes six patients with obstructive coronary artery ` 


disease, including severe proximal segmental stenotic lesions in the 
left anterior descending artery, who underwent direct coronary by- 


pass surgery. Preoperative electrocardiograms and vectorcardiograms ; 
showed patterns of anterior wall myocardial infarction with absent or — 


diminutive anterior QRS forces. In each instance, postoperative stud- 


ies demonstrated the reappearance of more normal anterior forces 


within 10 days of operation. Specific examples are shown and the im- 
plications of these observations discussed. 
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TABLE I 
Clinical Characteristics 
Case Age (yr) 
no. & Sex Angina Past MI Arrhythmia 
1 42M Yes Yes No 
2 43M Unstable No No 
3 57M Unstable No PVCs 
4 44M Unstable No No 
5 56M Yes No No 
6 55M Yes Yes No 





MI = myocardial infarction; PVCs = premature ventricu- 
lar contractions. 


TABLE II 
Cardiac Catheterization Findings 
LV- 
EDP Coronary Arterial Stenosis 
Case (mm LV Asynergy LAD LCx RCA 
no. Hg) Anterior Posterior >90% >75% >75% 
1 12 Hypo- Akinesis Yes Yes Total 
kinesis 
2 10 Hypo- Normal Total Yes No 
kinesis 
3 10 Hypo- Hypo- Yes No Yes 
kinesis kineses 
4 9 Normal Normal Yes Yes Yes 
5 8 Hypo- Normal Total Total No 
kinesis 
6 14 Normal Normal Total Yes No 
LAD = left anterior descending coronary artery; LCx = 


left circumflex coronary artery; LV = left ventricular; LV- 
EDP = left ventricular end-diastolic pressure; RCA = right 
coronary artery. 
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FIGURE 1. Case 2. The preoperative electrocardio- 
gram (top) shows a pattern of anterior wall myocardial 
infarction with Q waves in leads V2 and V3 and “poor 
R wave progression" across the precordium. The 
postoperative record (bottom) demonstrates reap- 
pearance of normal R wave progression and loss of 
the pattern of anterior infarction. Left anterior hemi- 
block is evident in both the pre- and postoperative 
tracings. 


FIGURE 2. Case 2. Vectorcardiograms 
before (left) and after (right) operation, 
in the frontal (F), right sagittal (RS) and 
transverse (T) planes. The interval be- 
tween dashes is 2.5 msec. The preoper- 
ative tracings show a pattern of anterior 
wall infarction with the 20 msec vector 
posterior to the null point. The postoper- 
ative tracings demonstrate regeneration 
of anterior QRS forces, best visualized in 
the transverse plane. Inferior wall myo- 
cardial infarction and left anterior hemi- 
block are evident in both tracings. 


Methods 


Pertinent clinical characteristics of the six patients are 
summarized in Table I. All patients were symptomatic with 
angina pectoris. Three patients had rapidly progressive 
symptoms and an unstable anginal pattern; two had a clini- 
cal history of a previous myocardial infarction. In all six pa- 
tients preoperative electrocardiograms showed a pattern of 
anterior wall myocardial infarction with Q waves in the 
precordial leads. In two patients (Cases 1 and 2), electro- 
cardiograms showed associated patterns of inferior wall in- 
farction. The six patients represent approximately 1 per- 
cent of all patients with preoperative electrocardiographic 
and vectorcardiographic patterns of myocardial infarction 
who underwent direct coronary arterial surgery at our in- 
stitution between January 1973 and June 1974. 

Vectorcardiograms, recorded on a Hewlett-Packard vec- 
tor programmer using the Frank lead system, were ob- 
tained in the transverse, right sagittal and frontal planes at 
0.5 and 0.2 mv standardizations. They were recorded with- 
in 3 days before the coronary bypass procedure and again 
within 10 days after the procedure. Standard 12 lead elec- 
trocardiograms were recorded on the same day as the vec- 
torcardiograms. 

Vectorcardiographic criteria for an anterior or antero- 
septal myocardial infarction, as outlined by Benchimol,® 
were present in each patient preoperatively. In the 
transverse plane, the 20 msec QRS vector was directed pos- 
teriorly and to the left. The rotation of the main body of 
the QRS loop in the transverse plane was counterclockwise. 
The posterior position of the 20 msec QRS vector was con- 
firmed in the sagittal plane. Vectorcardiographic criteria 
for inferior wall infarction? were present in three patients 
(Cases 1 to 3) with the 25 msec QRS vector being superior 
to the null point in the frontal and sagittal planes in these 
cases. 

Right and left heart catheterization, ventriculography 
in the right anterior oblique projection and selective coro- 
nary arteriography in multiple oblique views were per- 
formed by standard techniques. Table II summarizes the 
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FIGURE 3. Case 3. The preoperative 
electrocardiogram (top) shows Q 
waves and diminutive R waves in 
leads V4 through Va. In the postoper- 
ative tracing, (bottom) the Q waves 
in the right precordial leads have dis- 
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appeared and more normal R wave oV 


progression is evident. 








Transverse R. Sagittal Frontal 
FIGURE 4. Case 3. Three-plane vectorcardiograms before (top) and after (bottom) operation. The interval between dashes is 2.5 msec. Preop- 
eratively, there are patterns of anterior and inferior wall infarction. In the transverse plane the 20 msec vector is posterior to the null point. The 
postoperative tracings show augmentation of the anterior QRS forces, best seen in in the transverse plane. The abnormal superior direction of 
the initial forces is less marked postoperatively (right sagittal plane). Abnormal slowing of the initial and terminal forces is present in both the 
pre- and postoperative tracings. 
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FIGURE 5. Case 1. Vectorcardiograms before (left) and after (right) operation, in the frontal (F), right sagittal (RS) and transverse (T) planes. 
The interval between dashes is 2.5 msec. In the preoperative record, the initial forces are clearly abnormal with the 20 msec vector posterior to 
the null point. Postoperatively, there has been regeneration of anterior QRS forces, best seen in the transverse plane. Both tracings demon- 
strate changes of an inferior wall myocardial infarction and superiorly directed forces (left axis deviation). Abnormal slowing of the initial and ter- 
minal forces is present in both the pre- and postoperative tracings. 
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pertinent cardiac catheterization findings. Right heart and 
pulmonary arterial pressures and resting values for cardiac 
output were normal in all patients. The left ventricular 
end-diastolic pressure at rest was normal in five patients 
„and slightly increased in one patient (Case 6). Right anteri- 
- or oblique ventriculograms revealed moderate to severe hy- 
.pokinesia of the middle or distal anterior wall segments in 
four patients; abnormalities of contractility in the pos- 
teroinferior wall of the left ventricle were noted in two. 
"Two patients (Cases 4 and 6) had normal preoperative ven- 
: triculograms. 

F Selective coronary arteriograms demonstrated severe 
proximal obstructive lesions in the left anterior descending 
‘coronary artery in all six patients. Triple vessel coronary 
disease was seen in two patients; three had severe disease 
of the right coronary artery. 

All six patients underwent coronary arterial bypass 
surgery9? with direct bypass of the severely stenosed left 
anterior descending coronary artery using the left internal 
‘mammary artery. In two patients, vein bypass grafts to 
large anterior diagonal branches were also performed. In 
addition, vein bypass grafts were performed to major 
branches of the circumflex system in five patients and to 
‘the right coronary artery in two patients. Five of the six pa- 
tients multiple bypass grafts. 

E +e Results 

— Preoperative: All electrocardiograms showed typ- 
ical patterns of transmural anterior wall myocardial 
infarction with Q waves in the right precordial leads. 
Postoperatively, i in each instance, there was regenera- 
tion of R waves in these leads and loss of the pattern 
of definite infarction. Preoperative vectorcardio- 
grams of the QRS loop showed abnormal initial forc- 
es compatible with an anterior wall myocardial in- 
farction. In each case, the transverse and right sagit- 
tal planes showed the 20 msec QRS vector posterior 
jio the null point. 

Postoperative: Vectorcardiograms after operation 
Biowed return of normal initial anterior forces and 
“Toss of the preoperative pattern of anterior wall in- 
farction. Postoperative transverse plane vectorcar- 
 diograms showed early initial forces to be rightward 
and anterior and the 20 msec QRS vector leftward 
and anterior to the null point. Pre- and postoperative 
scalar electrocardiograms and three-plane vectorcar- 
 diograms from two patients (Cases 2 and 3) are illus- 
trated in Figures 1 to 4. Pre- and postoperative vec- 
_torcardiograms from Patient 1 are illustrated in Fig- 
ure 5. 

Postoperative vectorcardiograms demonstrated re- 
generation of anterior QRS forces without a signifi- 
cant change in the frontal plane QRS axis (Fig. 2, 4 
and 5). Although left axis deviation was evident in 
"the preoperative tracings (Fig. 2 and 5), it persisted 
in the postoperative vectorcardiograms. The lack of 
significant change in the frontal plane QRS axis pre- 
‘cludes the possibility that improved conduction in 
the left anterior fascicle postoperatively or damage to 
the left posterior fascicle at operation caused the 

„reappearance of anterior QRS forces in the sagittal 
and transverse plane vectorcardiograms. The slowing 
of the initial QRS forces, present in the preoperative 
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vectorcardiograms of all six patients (Fig. 2, 4 and 5), 
might suggest that the abnormal posteriorly directed 
QRS forces were the result of aberrant ventricular 
conduction, but the persistence of slow initial QRS 
forces despite their more normal anterior direction 
postoperatively provides evidence against this 
suggestion. However, one cannot exclude with cer- 
tainty the possibility that the postoperative vector- 
cardiograms represented a different form of aberran- 
cy rather than normalization of the preoperative 
tracings. 

Follow-up: All six patients have been free of 
symptoms of angina pectoris 3 to 18 months postop- 
eratively. Two patients underwent cardiac catheter- 
ization 2 weeks and 3 months, respectively, after op- 
eration. In both cases, the left internal mammary ar- 
tery bypass graft to the left anterior descending coro- 
nary artery was patent and functioning well. Vein by- 
pass grafts to the circumflex system and to the right 
coronary artery were also patent. In both cases, ven- 
triculography demonstrated improved motion of the 
hypokinetic anterior wall segments. The remaining 
four patients are asymptomatic but have been reluc- 
tant to undergo postoperative catheterization stud- 
ies. 


Discussion 


Several studies have utilized pre- and postopera- 
tive electrocardiograms and vectorcardiograms to as- 
sess the incidence of myocardial infarction after coro- 
nary arterial bypass surgery. QRS changes of 
transmural myocardial infarction have been reported 
in 8 to 30 percent of patients having such surgery.'?:5- 
10 Despite the development of new Q waves many of 
these patients have an uncomplicated postoperative 
course®!! and many have unchanged or even im- 
proved left ventricular contraction on postoperative 
angiography.!! Bassan et al.!! suggested that in some 
patients after coronary arterial surgery new Q waves 
developed in the inferior leads as the result of relief 
of the anteroapical ischemia that had been cancel- 
ing!? the loss of opposing forces of an old infarcted 
area in the posteroinferior wall. They™ also present- 
ed two cases of enhanced R waves in the precordial 
leads in electrocardiograms after bypass to the left 
anterior descending coronary artery. Our report de- 
scribes six patients whose electrocardiographic pat- 
terns of anterior wall myocardial infarction were 
abolished after coronary bypass surgery and whose 
vectorcardiograms corroborated the loss of the in- 
farction patterns and the return of normal anterior 
QRS forces postoperatively. The pre- and postopera- 
tive vectorcardiograms in our six cases clearly ex- 
clude the possibility that differences in lead place- 
ment or a canceling effect!” of a new posterior wall 
infarction caused the electrocardiographic changes. 
Our observations suggest that the preoperative elec- 
trocardiographic and vectorcardiographic patterns of 
infarction were secondary to myocardial ischemia 
rather than an indication of frank infarction and that 
with revascularization surgery and improved perfu- 
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sion to ischemic areas anterior QRS forces returned 
to normal. 

Myocardial ischemia and reversible electrical 
patterns of infarction: Earlier experimental and 
clinical reports!?-!1? have shown that myocardial isch- 
emia can produce electrically silent areas and revers- 
ible electrocardiographic patterns of myocardial in- 
farction. Gross et al.!* produced experimental myo- 
cardial ischemia in dogs by ligating either the circum- 
flex or anterior descending coronary artery. In one 
third of their animals, typical Q waves appeared that 
disappeared within 3 to 5 minutes after removal of 
the ligature; subsequent pathologic studies failed to 
demonstrate significant myocardial necrosis. They 
concluded that the transitory Q waves represented a 
reversible stage of metabolic aberration of the myo- 
cardium during acute ischemia. Clinically, transient 
Q waves have been documented during coronary in- 
sufficiency! and attacks of angina pectoris!® and 
during or after supraventricular or ventricular tachy- 
cardia.!? Haiat and Chiche^ have suggested that elec- 
trocardiographic patterns of myocardial infarction 
may disappear when there is recovery of superficial 
layers of ischemic myocardium surrounding an old 
infarcted area and that old patterns of infarction may 
reappear with subsequent ischemia to surrounding 
superficial layers of myocardium. Klein et al.!® de- 
scribed transient electrocardiographic patterns of 
myocardial infarction including abnormal Q waves 
during open heart surgery. They attributed these 
transient patterns to reversible myocardial ischemia 
as the result of cross-clamping of the aorta, cardio- 
pulmonary bypass, perfusion of the coronary arteries 
with cooled blood and localized abnormalities of 
membrane potentials and electrolytes. Their observa- 
tions as well as our findings strengthen the concept 
that electrically inert areas of myocardium may be al- 
tered and do not always imply myocardial cell death. 
It appears that myocardial ischemia in certain in- 
stances can produce electrical patterns of infarction 
that may be reversible upon reestablishment of per- 
fusion to ischemic areas. 

Role of fascicular conduction defects: Left an- 
terior fascicular block may be associated with dimin- 
utive anterior QRS forces and Q waves in the right 
precordial leads in scalar electrocardiograms in the 
absence of anterior myocardial infarction.!?:29 Theo- 
retically, improved anterior fascicular conduction 
might lead to an augmentation of anterior QRS forc- 
es. Patient 2 (Fig. 1 and 2) had left anterior hemi- 
block preoperatively; postoperatively, left axis devia- 
tion was less marked although still present, and ante- 
rior QRS forces were dramatically increased. Since 
left axis deviation persisted in the postoperative 
frontal plane vectorcardiogram, improved anterior 
fascicular conduction is not a likely explanation for 
the generous augmentation of anterior QRS forces. 
The development of left posterior fascicular block in 
patients with anterolateral infarction may, in certain 
instances, cause disappearance of Q waves in the pre- 
cordial leads of standard electrocardiograms.?! In our 
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six patients, postoperative vectorcardiograms did not - 
show significant right axis shift in the frontal plane - 
to implicate posterior fascicular damage. Hence, fas- - 
cicular block contralateral to the infarcted area could : 
not explain the disappearance of precordial lead Q 
waves in the scalar electrocardiograms or the appear- - 
ance of more normal anterior QRS forces in the post- - 
operative vectorcardiograms. 

Focal intraventricular block involving septal 
forces: Abnormal slowing of initial QRS forces was 
noted in the preoperative vectorcardiograms of our. 
patients. In all cases slow initial activation persisted _ 
in the postoperative vectorcardiograms in association 
with augmentation of anterior forces. One might con- 
clude that the abnormal initial forces are the result of - 
an intraventricular conduction disturbance and that 
postoperatively different electrical pathways are uti- 
lized. Gambetta and Childers!? described two pa- 
tients with coronary artery disease who had rate-de- ‘ 
pendent pathologic Q waves in leads V4 to V3 of sca- 
lar electrocardiograms. They suggested that these pa- - 
tients had a focal block in septal fibers of the left 
bundle branch system and that such a defect could 
underlie the development of transient right precor- 
dial lead Q waves seen in myocardial ischemia with- 
out frank infarction. There is now evidence to sup- 
port the existence of such septal ramifications of the 
left bundle and, theoretically, block could take place. 
at this level.22 One might postulate that ischemia sec- 
ondary to coronary arterial stenosis produced block 
in fibers responsible for normal septal activation and 
that successful revascularization allowed more nor- 
mal or alternate conduction patterns to ensue. 
Whether abnormal initial QRS patterns simulating 
myocardial infarction and secondary to ischemia are 
the result of block in normal septal pathways or block 
at the level of the myocardium, these patterns are po- 
tentially reversible and do not always imply necrosis 
of heart muscle. 

Electrical patterns of infarction and vende 1 
lar asynergy: In selecting patients for coronary arte- 
rial bypass surgery, it may be difficult to determine 
whether or not abnormalities of myocardial contrac- 
tion on ventriculography are secondary to myocardial. 
fibrosis or myocardial ischemia. Jacob et al.?? recent- 
ly attempted to utilize preoperative electrocardio- 
grams and vectorcardiograms to predict the effect of 
coronary bypass surgery on localized areas of ventric- | 
ular asynergy. They found that hypokinetic segments | 
on ventriculography associated with electrocardio- 
graphic or vectorcardiographic patterns of infarction 
were less likely to improve after coronary bypass sur- 
gery than hypokinetic segments not associated with - 
such patterns of infarction. Although our study re- 
flects only a small percent of patients undergoing 
coronary arterial surgery, our observations indicate 
that preoperative electrocardiographic and vectorcar- 
diographic patterns of infarction do not always imply | 
irreversible myocardial damage. For example, before | 
operation two of our patients had both a QRS pat- - 
tern of anterior wall infarction in electrocardiograms — 
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. and vectorcardiograms and a normal pattern of ante- 
. rior wall contraction in ventriculograms. Two addi- 
. tional patients who underwent postoperative cardiac 
catheterization studies manifested improved motion 
_ of hypokinetic anterior wall segments in ventriculo- 
_ grams as well as regeneration of anterior QRS forces 
in electrocardiograms and vectorcardiograms. 
.. Clinical implications: The reappearance of ante- 
rior QRS forces in both the electrocardiograms and 
 vectorcardiograms of six patients after coronary re- 
vascularization surgery supports previous clinical ob- 
servations and experimental data suggesting that 
- electrically silent areas of myocardium are not always 
synonymous with myocardial cell death. In certain 
patients, chronic myocardial ischemia may produce 


-electrocardiographic and vectorcardiographic pat- 
terns indistinguishable from those of anterior wall 
_ myocardial infarction. In view of modern surgical 


- techniques that, in selected cases, allow for successful 
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myocardial revasulcarization, it is important to dis- 
tinguish between myocardium that is chronically 
ischemic and that which is fibrotic and irreversibly 
damaged. The commonly held belief that Q waves in 
standard electrocardiograms can be equated with 
myocardial fibrosis and irreversible scarring is not al- 
ways valid. Such electrocardiographic changes must 
be cautiously weighed along with other objective data 
in the evaluation of patients who are symptomatic 
with angina pectoris. 
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Two hundred fifty-one patients (195 male and 56 female) referred for. 
evaluation of chest pain were studied by multistage submaximal stress 
testing and selective coronary arteriography. In men with positive ex- 
ercise tests the incidence rate of true positive exercise test resulls— 
that is, positive tests associated with 75 percent or greater coronary 
stenosis— was 89 percent in contrast to a 33 percent incidence rate of 





true positive exercise test results in women. The incidence rate of 
false positive excercise test results—that is, positive tests associated 
with no coronary stenosis or less than 50 percent stenosis—was 8 
percent in men in contrast to 67 percent in women. Conversely, the in- 
cidence rate of false negative exercise test results (that is, negative. 
exercise tests associated with 75 percent or greater coronary steno- 
sis) was higher in men (37 percent) than in women (12 percent). It is 
concluded that in men a positive multistage stress test is useful in pre- 
dicting the presence of significant coronary artery disease although a 
negative stress test cannot be relied upon to rule out the presence of 
significant disease. In women, a positive exercise test is of little value 
in predicting the presence of significant coronary artery disease, 
whereas a negative test is quite useful in ruling out the presence of sig- 
nificant disease. New criteria should be developed for stress testing of 
women. om 


o 

The accuracy of different methods of stress testing in predicting the 

presence or absence of significant coronary artery disease has been 

variously reported.!-? Differences in the reported incidence of true 

positive and false positive exercise test results may be due to the type 

of exercise performed, the electrocardiographic leads recorded after 

exercise, the criteria by which an exercise test is interpreted as “posi- 

tive" or “negative,” or judged to be truly positive or falsely positive, 

and other factors such as drugs, electrolyte imbalance or associated 

disease. The studies of Lepeschkin? and Astrand!?:!! as well as the re- 

views by Bruce!? and Blomqvist? suggest an important difference be- 

tween men and women in their response to exercise. To our knowl- 

edge the influence of sex on the correlation between submaximal 

| stress tests and selective coronary arteriographic results has not been 

From the Department of Medicine, Division of reported. é 

Cardiology, Creighton University, Omaha, Nebr. This retrospective study describes our experience in correlating 12 

apie povepied December TATA: lead electrocardiographic submaximal stress test results with the re- 
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sults of selective coronary arteriographic studies specifically evaluat- 
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the Each major coronary vessel received an index score 


according to this table. The sum of scores from all vessels 
represented the "'severity index." 


, Method of Scoring Severity of Coronary Disease 

Es Multiple Lesions 

E . Single Lesion 

e Most Severe 

- .. Degree of Degree of 
Narrowing Index Narrowing Index 
E (96) Score (26) Score 
EMEND NM LOT eg ue ae rc OS 
3 50-74 1 50—74 2 
Eo 75-94 2 75—94 3 
Rey, 95—99 4 95—99 4 
g 100 4 100 z 
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Distribution of Results of Exercise Tests and 


Total Men 










SUM Subjects no. % no % no. % 


Total group 251 100 
‘With positive exercise test 77 31 
_ (21 mm S-T depression) 

With significant coronary 114 45 
. artery disease 

| (275 percent narrowing) 

‘With narrowing of oneor 122 49 111 57 
. more vessels 

_ (>50 percent) 


195: 78. 56 22 
be -32 15 27 


104 53 10 18 
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E | Methods and Material 


. Patients: Two hundred fifty-one subjects referred for 
evaluation of chest pain were studied. There were 195 men 
(78 percent) and 56 women (22 percent). The mean age of 
the male subjects was 48.4 years (+9.2 standard deviation) 
and of the female subjects, 50.0 years (+8.4). Patients suf- 
fering from valvular heart disease, myocarditis or pericar- 
ditis, primary myocardial disease, anemia, thyroid disease 
or electrolyte imbalance were excluded. No patient was re- 
ceiving digitalis, propranolol or quinidine sulfate during 
the 2 weeks preceding exercise testing. | 

_ Exercise testing: All patients performed graded tread- 
mill stress testing according to the method of Bruce and 
Hornsten.? Exercise was discontinued when the patient 
attained a heart rate of 85 percent of maximal predicted for 
age,“ complained of significant chest pain, shortness of 
breath, dizziness or lightheadedness or had S-T segment 
depression in excess of 3 mm. The mean postexercise heart 
rate in men was 141 beats/min (+19) and in women, 146 
beats/min (+17). Standard 12 lead electrocardiograms were 
recorded at rest before exercise, immediately after exercise 
(within 30 seconds) and 2 and 6 minutes after exercise. 
Subsequent electrocardiograms were obtained if the 6 min- 
ate postexercise tracing revealed that the S-T segments 
nad not returned to the preexercise configuration. The 
»ectrocardiogrhms were recorded with a Sieman Mingo- 
sraph 6t recorder with patients in the supine position. 
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Postexercise electrocardiograms were classified as 
showing: (1) no S-T segment depression, (2) 0.5 to 0.9 mm 
S-T segment depression, (3) 1 to 1.9 mm S-T segment de- 
pression, (4) 2 to 2.9 mm S-T segment depression, or (5) 3 
mm S-T segment depression. Only those postexercise elec- 
trocardiograms with 1 mm or greater S-T segment depres- 
sion of at least 0.8 second’s duration were considered posi- 
tive tests. An additional requirement for a positive test was 
that the S-T segments be flat or downward sloping. If the 
resting electrocardiogram manifested nonspecific S-T seg- 
ment depression at rest, a flat or downward sloping depres- 
sion of 0.8 second’s duration and at least 1 mm greater than 
that present at rest was also considered to represent a posi- 
tive test. These changes could be present in any lead and at 
any time interval after exercise. Negative test results were 
recorded when the S-T segment depression was 0.9 mm or 
less. 

Coronary arteriography: Selective coronary arterio- 
graphic studies were performed in all patients by the meth- 
od of Sones and Shirey,!^ using a solution of 29.1 percent 
sodium diatrizoate and 28.5 percent meglumine diatrizoate 
containing 31 percent iodine (Renovist II$, E. R. Squibb 
and Sons) as the opacifying medium. Opacification was 
visualized with a General Electric 6 and 9 inch image inten- 
sifier, the output of which was recorded in both modes on 
35 mm film at a rate of 60 frames/sec and on 105 mm film 
at a rate of 2 frames/sec. Multiple views of the coronary ar- 
teries in both the right and left anterior oblique projections 
were obtained in each case. All lesions were classified as 
single or multiple, and the severity of the lesions classified 
as narrowing of a vessel's diameter by less than 50 percent, 
90 to 74 percent, 75 to 94 percent, more than 95 percent or 
total occlusion. A coronary arteriogram was considered pos- 
itive and to indicate significant coronary artery disease if 
one or more major vessels manifested a stenotic lesion 
equal to or greater than 75 percent of its diameter in any 
projection. Patients with no angiographically visualized le- 

sion or with stenosis of 49 percent or less of a vessel's diam- 
eter were considered, for the purpose of this study, to have 
normal coronary arteriograms or insignificant coronary ar- 
tery disease. The severity of occlusive coronary artery dis- 
ease was determined by calculating the “severity index” as 
outlined in Table I. 


Results 


Thirty-two percent of male subjects (62 of 195) 
and 27 percent of female subjects (15 of 56) had posi- 
tive exercise tests. In contrast, 53 percent of men (104 
of 195) as compared with only 18 percent of women 
(10 of 56) had positive coronary arteriograms mani- 
festing significant coronary artery disease (that is, 75 
percent or greater narrowing) (Table II). 

False positive results: The correlation between 
exercise test results and arteriographically visualized 
coronary occlusive lesions is depicted in T'able III. 
Overall, 78 percent (60 of 77) of the subjects (male 
and female) with positive exercise tests had angio- 
graphically demonstrated significant coronary occlu- 
sive lesions (75 percent or greater narrowing). This 
positive relation is due primarily to the high rate of 
correlation in men. In men, the incidence rate of true 
positive exercise test results was 89 percent (55 of 
62), whereas in women it was only 33 percent (5 of 
15). This difference is highly significant statistically 


100 INCIDENCE OF FALSE POSITIVE EXERCISE TESTS 
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y^ SUBJECTS WITH POSITIVE EXERCISE TESTS 

ALL SUBJECTS MEN WOMEN 
FIGURE 1. The marked difference in the incidence of false positive 
exercise tests between men and women is statistically significant 
(Table Ill). Hatched bars indicate percent of positive exercise tests 
associated with normal coronary arteries or less than 50 percent 
stenosis (false positive tests). Open bars indicate percent of positive 
tests associated with 75 percent or greater coronary stenosis. 


(P «0.001). If one accepts 50 percent or greater nar- 
rowing as a significant lesion the relation remains es- 
sentially unchanged (Table III). From these inci- 
dence rates of true positive exercise tests, it follows 
that the overall incidence rate of false positive exer- 
cise tests is 22 percent, with an 11 percent incidence 
rate in men and a 67 percent incidence rate in 
women. This assumes, however, that all lesions in 
which a vessel was narrowed by less than 75 percent 
of its diameter were insignificant. If one accepts only 
lesions of less than 50 percent narrowing as insignifi- 
cant the overall incidence rate of false positive exer- 
cise test results is 20 percent (15 of 77), with an 8 per- 
cent rate (5 of 62) in men and a 67 percent rate (10 of 
15) in women. In both instances, the difference be- 
tween sexes is again highly significant statistically (P 
<0.001) (Table III, Fig. 1). 

False negative results: Overall, 31 percent (54 of 
174) of the subjects (male and female) with negative 
exercise tests had angiographically demonstrated sig- 
nificant coronary occlusive lesions (75 percent or 
greater narrowing). In contrast to false positive exer- 
cise test results, the false negative exercise tests oc- 
curred primarily in male subjects. The incidence rate 
of false negative exercise test results was 37 percent 
(49 of 133) in men but only 12 percent (5 of 41) in 
women. Again the difference in incidence between 
sexes is statistically significant (P «0.01) (Table III, 
Fig. 2). These results are not significantly altered if 
one accepts 50 percent stenosis of a vessel as signifi- 
cant disease (Table IIT). 

There was no significant difference in either the 
number of vessels involved or the severity of disease 
between men and women who were demonstrated to 
have either false positive or false negative exercise 
test results (Tables I and IV). 

Electrocardiographic leads involved: The leads 
in which significant S-T segment depression (1 mm 
or more) occurred are depicted in Table V. In all 
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FIGURE 2. The difference in the incidence of false negative ex 
tests between men and women is statistically significant (Table m 
Hatched bars indicate percent of negative exercise tests a 
with 75 percent or greater coronary stenosis (false negative). Open 
bars indicate percent of negative tests associated with normal coro- 
nary arteries or less than 50 percent stenosis. | 3i 





TABLE Ill 


Correlation of Results of Exercise Tests and Coronary 
Arteriograms in Men and Women if 
$e 
Men Women 
Subjects ho. % no % pau 
Positive exercise test 
With >75 percent 55 89* 5 33* 
narrowing of one 
or more vessels 
With 2 50 percent 57. 92* 5. +33" 
narrowing of one 
or more vessels 
With normal coronary 7 1l* 10-815 
arteries or <75 
percent narrowing 
With normal coronary 5 8t . 10.767€ 
arteries or «50 ncm nd 
percent narrowing $3 
Negative exercise test 
With »75 percent 49 .37t 53: 7129 
narrowing of one 
or more vessels $c 
With >50 percent 54  41f 6: “lot 
narrowing of one 
or more vessels 





*Percent of sex with positive exercise tests (Table H). 
t Percent of sex with negative exercise tests (Table II). 
P = probability. 


subjects lead V5 most consistently manifested the 
significant S-T segment depression (92 percent of 
subjects; 69 of 75). If the depression was not mani- 
fested in this lead it was seen in each of leads II, III 
and aVF (two women and three men) with one excep- 
tion, a man whose S-T segment depression was seen 
in lead V4 alone. Among subjects with positive exer- 
cise tests, significant S-T segment depression in lea : 
II occurred i in 73 pbereant of women compared with 2 
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pu of Vessels Narrowed and: Index of Severity of Disease (mean no. + standard deviation) 

| a E jit A Men Women 
210008 M6 | 
DANAA no. of Vessels Narrowed no. of Vessels Narrowed 
E. "GG, TEN >50% >75% Severity Index* >50% >75% Severity Index* 
S - Subjects with positive 2.1 + 0.8 1.8 + 0.8 6.5 + 2.5 2.0 + 0.6 2.0 + 0.6 6.6 + 2.1 
-~ exercise test and one 

* or more vessels. 
s - narrowed >75% 
PE "Subject with negative 1.9+ 0.8 1.7 + 0.7 5.3 + 2.6 1.4 + 0.8 1.4 + 0.8 5:0 €: 3.1 
















|» exercise test and one 
. or more vessels 
narrowed 2 75% 


3 Tum mean numbers represent the mean severity index derived from the sum of all severity indexes determined for each 
Sub e -— the. group according to Table |. 
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5 (positive exercise tests correctly M 55 POE dots 1 12 1 131.235.445 5/99 5 83 
fi predicting the presence of sig- l 

$ E nificant coronary artery disease 

_ (8 7596 narrowing) F ee ee dee eee Bal is, Wee i. 20 ae 3 2 
False positive exercise tests 

(positive exercise test associated M D oo ut 1 In ET E 78 Lo -49»752. 1 3 5 5 
_ with either no occlusive coronary 

„artery disease or SALANI < 50%) F 10 3 ME ~ 








Relation of Coronary Arteriographic Findings to Postexercise S-T Segment Depression 
dn. is Degree of S-T Segment Depression 
Ex ee 2: 1-1.9 mm 2—2.9 mm >3 mm 


. Coronary Arteriographic Findings Men Women Men Women Men Women 





EGO or more vessels with >50% narrowing 
ET - One or more vessels with >75% narrowing 23 4 18 0 14 1 
IM No narrowing or <50% narrowing 3 9 1 1 1 0 





rcent of men. This difference is statistically signifi- the results predict the presence of significant coro- 







t at the 95 percent confidence level. Further, 90 nary artery disease.'77 To our knowledge, although 
iine of women with false positive exercise tests the Master exercise test differentiates between male 
aad significant S-T segment depression in lead II in and female subjects,!6 there have been no reports as 
20 ontrast. to 40 percent of women with true positive to the significance of sex in the interpretation of sub- 
»xercise tests. This apparently useful point of differ- maximal stress tests. Nevertheless, previously cited 

ntiation is derived from a small population and is reports?9?-!? suggest an important difference in the 
iot statistically significant. physiologic response of men and women to exercise. 
Bt ey Our study strongly supports the contention that 
E d ^ $ Comments 


there is a significant difference in the results ob- 
Exercise testing has proved to be one of the most tained in the exercise testing of men and women. 
1 iseful noninvasive methods of evaluating ischemic This difference may, at least in part, explain the dis- 
eart disease. Unfortunately, discrepancy exists in ^ crepancies in the reported incidence of true and fiia 
IS that have. evaluated the Fi ek with which positive exercise test fecha, 
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In our study, significant coronary artery disease 
was correctly predicted by exercise testing in 78 per- 
cent of all patients, both male and female, a statistic 
not differing greatly from data in other reported se- 
ries.?97 However, separate analysis of our data indi- 
cates that the ability of an exercise test to predict 
correctly the presence of significant coronary artery 
disease is appreciably better in men (89 percent true 
positives) than in women (33 percent true positives). 
The overall incidence rate of false positive exercise 
test results in our series was 20 percent, which again 
is not very different from that of other reported se- 
ries. It is extremely important to note, however, that 
the incidence rate in men was only 8 percent as com- 
pared with 67 percent in women. Further, our study 
reveals an overall occurrence of false negative exer- 
cise tests of 31 percent, but, in contrast to false posi- 
tive exercise test results, the incidence was apprecia- 
bly higher in men (37 percent) than in women (12 
percent). ` 

Neither the severity of disease nor the number of 
vessels significantly occluded correlated with these 
differences between the sexes. Although significant 
S-T segment depression occurred more frequently in 
leads II, III and aVF in women than in men, its pres- 
ence in these leads did not aid in differentiating true 
and false positive exercise tests. 

Although false positive exercise test results were 
rarely seen in the presence of greater than 2 mm of 
postexercise S-T segment depression, a depression in 
excess of 2 mm or even 3 mm is not an absolute pre- 
dictor of the presence of significant coronary artery 
disease (Table VI). 

Clinical implication: We conclude that, in men, a 
positive multistage exercise test is useful in predict- 
ing the presence of significant coronary artery dis- 
ease; but a negative test cannot be relied upon to rule 
out such disease. In women, a positive exercise test is 
of little value in predicting the presence of significant 
coronary artery disease although a negative test is 
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useful in ruling out its presence. We believe that nod) 
criteria should be developed for exercise testing of 
women and are investigating this possibility. ve 

Cause of false positive tests in women: The ex- 
planation for this high and unacceptable incidence. ; 
rate of false positive exercise test results in women is 
unclear. However, Bruce!? has pointed out that 3 
postexertional S-T segment depression in middle- 
aged women may partly be due to lower levels of 4 
hematocrit and total circulating red cell mass. Fur- - 


* 
s 
y 


ther, recent unpublished observations by Kusumi 
and Bruce!? have revealed “higher pulmonary and | 
systemic resistances with higher pressure-rate prod- | 
ucts in asymptomatic middle-aged women who eee 
hibit S-T depression after maximal exercise.” X 

The use of digitalis glycosides is known to be asso- 
ciated with an increased incidence of false positive 
exercise test results." Digitalis and estrogen have a 
similar chemical structure. One of the side effects of 
digitalis mimics an estrogen effect, that is, gyneco- 
mastia. Theoretically, therefore, it is conceivable that 
estrogens may at least be partially responsible for the - 
high incidence rate of false positive exercise test re- 
sults in women. j 
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Addendum 


A recent article (Cumming GR, Dufresne C, Kich — 
L, et al: Exercise electrocardiogram patterns in nor- 1 
mal women. Br Heart J 35:1055-1061, 1973) also — 
noted a very high incidence rate of false. positive ex- 


ercise test results in women and stated that * ‘exercise Ü 
electrocardiography is of limited value in women." 
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Comparison of Angiographic and Postmortem Findings in 
Patients with Coronary Artery Disease 


The accuracy of coronary cineangiography in predicting the degree of 
stenosis in coronary arteries was evaluated by comparing autopsy and 
premortem cineangiographic findings in 25 patients. Coronary cinean- 
giograms and autopsy specimens were reviewed independently by two 
cardiologists and two pathologists. Identical diagrams dividing the cor- 
onary arteries into 12 segments were used by both groups to record 
the location and degree of stenosis observed. Cineangiographic find- 
ings were in agreement with pathologic findings (less than 25 percent 
difference in cross-sectional luminal area) in 178 (79 percent) of the 
226 segments examined, but overestimated the degree of stenosis in 
13 (6 percent) and underestimated it in 34 (15 percent). Thus, cinean- 
giography appears to be a reliable tool in evaluating coronary artery 
disease. When diagnostic errors are made, they are usually underesti- 
mations of the degree of disease; common causes of error are circum- 
ferential stenosis, eccentric lesions, obstruction of view by artificial 
valves and poor opacification due to severe proximal stenosis. 


Successful application of surgical treatment of coronary artery dis- 
ease greatly- depends on accurate determination of the severity and 
location of the occlusive lesions in the coronary arterial system. The 
accuracy of coronary cineangiography is of critical importance not 
only in the diagnosis but also in the proper management of patients 
with coronary artery disease. 

Angiography is generally accepted as a reliable tool in estimating 
the degree and extent of arterial disease although there are only a few 
studies correlating angiographic with anatomic findings.!-9 T'hese re- 
ports generally agree that when angiographic errors occur, they are 
usually underestimations of the stenotic lesions. However, there is no 
agreement on either the reliability of the technique or the cause of 
major errors. 

This study of 25 patients was undertaken to compare premortem 
angiographic data with data on postmortem anatomic specimens of 
the coronary arteries. The reliability and accuracy of angiography, 
reasons for error and problems encountered due to poor visualization 
of vessels are analyzed. 


Methods 


Twenty-five patients who died after either aortocoronary bypass or valvu- 
lar surgery, or both, between October 1968 and January 1973 were included 
in the study. All patients had selective coronary cineangiograms before sur- 
gery and only one did not have severe coronary artery disease. The interval 
between angiography and postmortem examination was less than 1 month in 
16 cases, 1 to 4 months in 7 and greater than 4 months in 2 cases (the longest 
interval was 10 months). 

Selective coronary cineangiograms in multiple projections were obtained 
with use of the Judkins transfemoral technique" and filmed at 60 frames/sec 
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j 
Proximal Third 
Middle Third 
FIGURE 1. Diagram used to record 
lesions found in the coronary arteries 
by both anatomic dissection and cine- 
angiography. LAD = left anterior de- ` 
Distal Third 


scending artery; LCCA = left circum- 
flex artery; PDA = posterior de- 
scending artery. 


on 35 mm Kodak double X film. A Phillips cinefluoro- 
graphic unit with a 5 inch image intensifier was used in 
eight cases and a Picker biplane unit with 9 inch image 
tubes and overframing lens was employed in nine; the re- 
maining eight cases were studied with a Picker biplane Pul- 
sar cinefluorographic unit with 6 inch image tubes and ad- 
ditional photographic magnification with zoom lenses. 
Since the result was not significantly different with respect 
to the cinefluorographic unit used, the data of all patients 
were analyzed as one group. 

All cine films were reviewed independently by two an- 
giographers without prior knowledge of the anatomic find- 
ings. The severity and location of all stenotic lesions were 
recorded on the diagrams shown in Figure 1. The degree of 
stenosis was estimated in percent decrease in luminal di- 
ameter. From these data, the percent decrease in cross-sec- 
tional area was then calculated for comparison with patho- 
logic findings. 

At the time of postmortem examination, the heart was 
removed in toto, photographed and weighed, and X-ray 
films were taken. Polyethylene catheters were then insert- 
ed into the coronary arterial orifices and tied into place. 
After flushing with normal saline solution, a fine colloidal 
suspension of barium (micro-opaque) was injected at 100 
mm Hg of pressure over a 20 minute period. After fixation 
in 20 percent phosphate-buffered 0.02 molar formalin, ra- 
diographs of the heart were again obtained. If the coronary 
arteries were not calcified, they were examined in 2 to 3 
mm serial sections. If calcium was present, the arteries 
were dissected free of the heart in toto and decalcified; 
X-ray films were taken and 2 to 3 mm serial sections exam- 
ined. The specimens were reviewed by two pathologists, 
and the location and severity of stenosis in terms of percent 
decrease in cross-sectional area were recorded on diagrams 
identical to those used by the cardiologists. 

The angiographic and pathologic findings were then 
compared using the latter as the standard of accuracy. 
Whenever, for technical reasons, an accurate evaluation of 
a segment could not be made from either the angiogram or 
the pathologic specimen, that segment was not included in 
the comparison. For example, segments were excluded for 
the following reasons: (1) inadequate opacification during 
premortem angiography, (2) surgical removal of lesions by 
endarterectomy, (3) distortion of the ostium as a result of 
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postmortem insertion of a cannula, and (4) inadeque late 
postmortem decalcification resulting in distortion of the Si 
lumen. T 
Correlation between the studies was recorded as follas 
Complete agreement was designated if the anatomic and | 
angiographic estimations of luminal area were within 25 — 
percent of each other. When the in vivo angiographic esti 
mation of luminal area was less than that found postmor- 
tem, the underestimation was quantified as —1 when the 
difference was 25 to 49 percent, —2 when it was 50 to 74 
percent and —3 when it was 75 percent or more. When an- i 
giography overestimated the degree of stenosis, overesti- — 
mations were similarly graded from +1 to +3. n 


Results "M 
m 


Table I shows the segments examined, the fred 
quency of agreement between the findings and the 
degree of error when disagreement occurred. In both. 
the right and left coronary arteries the correlation 
between angiographic and anatomic findings was sig- 
nificantly greater in the proximal than in the diste i 
segments (P <0. 05). Among 226 segments studied ‘9 
the findings were in agreement in 179 (79 percent); _ : 
overestimations occurred in 13 (6 percent) and un- 
derestimations in 34 (15 percent). Thirteen of the lat- 
ter (6 percent) were underestimations of 75 percenny 
or greater. 

Since 75 percent stenosis of a vessel is generally ac 4 
cepted as the point where blood flow is significantly it 
decreased,? we examined the reliability of angio- 
graphic estimates in relation only to vessels with 75 — 
percent or greater narrowing (Table II). No statisti- - 
cally significant difference was found in the accuracy - 
of angiographic estimates between proximal and. dis- - 
tal segments, perhaps because of the small number of 
these segments with severe lesions. However, the dis- — 
agreements that did occur in this group were almost. j 
always underestimations of 75 percent or greater. E 

There were 17 segments that could not be visual- - 
ized by cineangiography but were examined anatomi- | 
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TABLE * 





Disagreement* 


! [ | Coronary Arterial Comparisons Complete appt need Po TET si). Cii doi LE Le EY TOS RL EE) AUN 
es Segments (no.) Agreement —] —2 =3 +1 +2 
Spe Bale pc QELS ia APE Ro ee ee re 
D RCA | 
s S .. Ostium 11 10 (91%) 0 1 0 0 0 
Serax 1/3 24 20 (83%) 0 0 2 1 l 
Mid 1/3 21 18 (86%) 0 0 2 1 0 
- Dist 1/3 19 13 (68%) 1 2 1 1 1 
PDA 16 12 (75%) 1 2 l 0 0 
LCA © 
-Ostium 14 12 (86%) 1 0 1 0 0 
Main 24 17 (71%) 3 4 0 0 0 
LAD, prox 1/2 24 23 (96%) 0 0 1 0 0 
— . LAD, dist 1/2 20 15 (75%) 0 1 2 1 1 
— — Diagonal 8 5 (63%) 0 1 1 1 0 
LC prox 24 19 (79%) 0 2 2 0 1 
. LC dist 21 15 (71%) 1 1 0 3 1 
.. Total 226 179 (79%) 7 14 i3 8 5 
(3%) (6%) (6%) (4%) (2%) 


ai, —2 and —3 indicate angiographic underestimations of 25 to 49, 50 to 74, 75 or greater percent, respectively. +1 and 
2 indicate angiographic overestimations of 25 to 49 and 50 to 74 percent, respectively. 


Dist = distal; LAD = anterior descending branch of left coronary artery; LCA = 


left coronary artery; LC = left circumflex 


artery; Mid = middle; PDA = posterior descending artery; Prox = proximal; RCA = right coronary artery. 
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ca ly (Table III). Except for the diagonal branch, all 
‘segments not visualized were in more distal parts of 
the vessel, and all 17 segments were distal to a steno- 
sis of 75 percent or greater in the more proximal seg- 
vent. Within the nonvisualized segments stenotic le- 
sions of 75 percent or greater were found in 10 (59 
cent), and stenosis of 50 to 74 percent was found 

dn 6 (35 percent). 
ue b Reasons for major errors: The 13 segments in 
which underestimations of 75 percent or more oc- 
curred were examined to determine the reason for 
hese major errors. Figure 2 illustrates some of-the 
‘sources of error that were found. Vessels with elon- 
gated circumferential lesions were often interpreted 
as “small but otherwise normal” on the basis of an- 
giograms, but anatomically some of these vessels 
were 90 percent occluded; two of the 75 percent un- 
fp tertimations were made because of this type of le- 
ion. Eccentric, slitlike or “fish mouth” lesions were 
implicated in four underestimations. In two hearts 
)rosthetic valves were the cause of major errors due 
to obstruction of view. The probable cause of some 
misinterpretations was a severe proximal lesion. If a 
proximal vessel was obstructed by a lesion of only 25 






















F findings in the distal vessels. However, when there 

was a stenotic lesion of 75 percent or more in the 
proximal vessel, the accuracy of angiographic inter- 

pretation of distal vessels decreased to 63 percent. 


Discussion 


E: This study demonstrates that cineangiography i is a 
eliable tool in the evaluation of coronary artery dis- 
s . However, occasional 1 male errors do occur, usu- 









ally underestimations of the obstruction of the lumi- 
nal area, predominantly in vessels that have severe 
disease. There is also a greater incidence of error in 
distal segments, which may be due to the smaller cal- 
iber of vessels distally and to the streaming of con- 
trast medium and inadequate opacification distal to 
lesions in the proximal segments. 

Although the exact reasons for some of the misin- 
terpretation could not be determined, the cause of 
error was found in many cases. Circumferential le- 
sions with a central lumen involving a long segment 
were a frequent source of error. This problem oc- 
curred because angiography visualizes the vessel 
lumen but not the vessel wall, and the luminal size in 
areas adjacent to the lesion is frequently used as nor- 
mal reference in determining luminal diameter. 
When the entire artery, or even many vessels in the 
same heart, is diseased, these comparisons can be 
misleading because of the lack of a true normal frame 
of reference. Eccentric or “fish mouth" lesions also 
accounted for a few errors. When viewed from one 
angle, the eccentric lesions may appear normal and 
thus lead to serious error. Artificial valves in this se- 
ries were related to two errors caused by obstruction 
of view. The last major reason for error was the pres- 
ence of severe proximal lesions because contrast me- 
dium does not always fill the distal segment ade- 
quately for proper evaluation. One must be cautious, 
therefore, when interpreting luminal patency distal 
to a severe proximal lesion. This is particularly im- 
portant when aortocoronary bypass surgery is con- 
templated. In this regard, it is also important to note 
that 17 segments that could not be visualized on an- 
giography had t signif josh dienes heen their 
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TABLE II 


Correlation of Data on Only Those Segments with 
75 Percent or Greater Anatomic Lesions 





Coronary . Compar- Disagreement 
Arterial isons Complete 
Segments (no.) Agreement —1 -2 —3 +1 +2 
RCA 
Ostium 1 1(100%) 0 0 g-50:.0 
Prox 1/3 15 13 (87%) 0 O 2 0 O0 
Mid 1/3 14 12 (86%) gv 2 0 O 
Dist 1/3 9 8 (89%) 0.5.0 1 0 O 
PDA 5 3 (60%) 0 1 1 0 O 
LCA 
Ostium 1 O (0%) Cg 1 0.0 
Main 6 5 (83%) 0 1 0 0 O 
LAD, prox 22 21 (95%) 0 O 1 0:9 
1/2 
LAD, dist 6 4 (67%) GG 2 0 O 
1/2 
Diagonal 5 4 (80%) Os - 0 1 0 O0 
LC prox 16 14 (88%) g ug 2 0 O0 
LC dist 3 3(100$ 0 O 0 0 0 
Total 103 88(85%) 0 2 13 0 0 
(2%) (1394) 


Abbreviations and symbols as in Table l. 


entire length and were not suitable for bypass graft- 


ing. 

Review of previous correlative studies: Al- 
though there are several reported studies correlating 
the angiographic and anatomic findings in patients 
with coronary artery disease, many include only a 
small number of patients, compare only the postmor- 
tem angiogram with the anatomic findings, or include 
patients with a prolonged time interval between angi- 
ography and death. In 1962, Grey et al.! compared 
postmortem coronary angiograms with anatomic 
findings in 13 patients. Among 93 segments that ap- 
peared normal or minimally diseased (questionable 
narrowing) in postmortem angiograms, 39 (42 per- 
cent) were found to have more severe disease on post- 
mortem dissection. Eusterman et al? carried out a 
similar study in 50 postmortem hearts. With focal 
stenosis, there was an excellent correlation between 
the angiographic and the anatomic findings. How- 
ever, in arteries with diffuse disease, they found that 
the angiographic data underestimated the severity of 
disease in 86 percent of the segments and overesti- 
mated it in 3 percent. In 1963, Hale et al.? concluded 
from a study of four patients that “the worst possible 
assessment of a lesion demonstrated in life is proba- 
bly the more accurate." Kemp et al.* in 1967 evalu- 
ated the accuracy of 29 premortem angiograms with 
postmortem anatomic data. They divided arteries 
into five segments, and found only three errors of 
functional significance. The quality of the arterio- 
gram was judged the most important factor in accu- 


rate evaluation. Vlodaver et al? studied 10 cases, 


comparing premortem angiograms with postmortem 


examination of the anatomic lesions. They called an 
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* Occlusive lesions in vessels. 
Abbreviations as in Table I. 
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FIGURE 2. Pictorial representation of causes of cineangographic 
underestimations with 75 percent or more stenosis. 


error false negative if the coronary arteriogram 
showed less than 50 percent obstruction of luminal | 


Severe Proximal Lesions - ; 





ANGIOGRAPHY N CORONARY ARTERY | DISEASE—SCHWARTZ ET FAL : 
TABLE Ill Y» a 
Coronary Segments Not Visualized 1 

Coronary Anatomic Lesions* ra 
Arterial — 

Segments no. 0—24% 25-49% 50—74*6 21596 Ks 
RCA à 

Ostium 0 0 0 0 uen 

Prox 1/3 0 0 0 0 0x 2 
Mid 1/3 3: 0599 0 2 Itl 
Dist 1/3 $ 5 0 1 3 
PDA - EE C 0 2 3 m 
LCA E 
Ostium 0 0 0 0 0 A 
Main Bg 0 0 Ü ere 
LAD, prox p og 0 0 Om 
1/2 E 
LAD, dist E 0 0 2. | 
1/2 ^ 
Diagonal 1 0 0 1 Q (NL 
LC prox 0 0 0 0 OF 
LC dist I 0 0 15 
Total 17 l 0 6 10 à 3 
(5.8%) (0%) (35.4%) a 

Wess 
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diameter when the anatomic lesion was actually more _ 


than 50 percent obstructed. An error was called false 


positive if the reverse was true. They divided vessels - 


into six segments. Of a total of 134 segments exam- 
ined, data were in agreement in 86 (64 percent); there — 


1 


were 44 (33 percent) false negatives and 5 (4 pesca E 
false positives. In their study the intermediate seg- - 


ment of the right coronary artery (our middle third), - 


the main left coronary artery and the proximal half - 
of the circumflex artery were all particularly prone to 
underestimation. Slitlike or eccentric lesions were 
also common sources of error. 
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- Grondin et al.® studied. 28 patients who died after 


saphenous vein bypass grafting. In only 23 of these 


cases were both the preoperative angiograms and 
postmortem specimens suitable for comparison. They 


_ found nine instances of major disagreement between 


"ROW er 
ERG» 


.the two techniques. A variety of explanations were 
given, including circumferential lesions, overlapping 


- of vessels, diffuse disease and short takeoffs of ves- 


- sels. - 


Our data agree with previous findings that coro- 


: nary cineangiography is an accurate tool in defining 


N . . . . 
- curacy is reduced in more distal parts of the arterial 


coronary anatomy. When error occurs, angiography 
frequently underestimates the lesion. In addition, ac- 


_ tree, especially in the presence of severe stenosis in 
_ the proximal segment. When a segment cannot be 
E opacified either by antegrade or retrograde filling, it 
z is usually found to be severely diseased on postmor- 
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. disease of the coronary arteries. A pathologic-radiologic correl- 
ative study. Circulation 26: 1288-1295, 1962 
3. Hale G, Jefferson K: Technique and interpretation of selective 
coronary arteriography in man. Br Heart J 25:644—654, 1963 
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Clinical implications: To improve the accuracy of 
coronary cineangiography, it is imperative to opacify 
the coronary arteries selectively and in appropriate 
projections to assure that all segments of the arterial 
tree are adequately visualized in a plane perpendicu- 
lar to the X-ray beam. In addition to the multiple 
still projections, we have found that cineangiograms 
obtained while the patient is being rotated on a cra- 
dle are very helpful in detecting lesions that can be 
identified only at certain angles of rotation. The half- 
axial projection, as recently described by Bunnell et 

al.,? and the sagittal angulated view, as described by 
Lesperance et al.,!9 are also useful, especially for 
evaluating the proximal segment of the left coronary 
artery. A thorough examination of the coronary arte- 
rial trees and their lesions through a video recording 
system before the completion of the procedure is also 
essential in assuring the adequacy and aecuracy of 
the study. 
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Beta adrenergic blockade has been suggested to improve the myocar- 
dial oxygen balance during ischemic conditions. This investigation was 
undertaken to examine the effects of practolol, a relatively cardiospe- 
cific beta adrenergic blocking agent, on regional myocardial dimen- 
sions and shortening during acute coronary arterial occlusion in dogs. 

Local myocardial dimensions were measured ultrasonically in ischemic 
and nonischemic regions of the left ventricle. Myocardial dilatation and 
marked reduction in systolic shortening occurred in ischemic regions 
after occlusion, whereas nonischemic regions were only moderately 
dilated. Administration of 10 to 20 mg of practolol exerted different ef- 
fects in the two ventricular regions; myocardial dilatation was reduced 
and the systolic shortening increased by practolol in ischemic regions, 
whereas further dilatation and diminished shortening occurred in non- 
ischemic control regions. Similar results were obtained when heart 
rate was kept constant by atrial pacing during beta adrenergic block- 
ade. Thus, practolol improved the function in ischemic ventricular re- 
gions, and restored ventricular stroke volume to preocclusion levels, 
probably as a result of improved myocardial oxygen balance. 


Favorable effects of the cardioselective beta adrenergic blocking 
agent practolol, 4-(2-hydroxy-3-isopropyl amino-propoxy) acetani- 
lide, in patients suffering from acute myocardial infarction have re- 
cently been reported.! Although this effect might to some extent be 
attributed to the antidysrhythmic properties of practolol,? improve- 
ment of the myocardial oxygen balance is suggested from the finding 
that practolol reduced S- T segment elevation after acute coronary oc- 
clusion.?4 

Although beta adrenergic blockade is known to cause an overall re- 
duction in myocardial oxygen consumption,» a concomitant rise in 
ventricular volume has been demonstrated,’ which might increase 
myocardial oxygen demands.? However, little is known about the me- 
chanical events in ischemic myocardial tissue as influenced by beta 
adrenergic blocking agents. Reduced myocardial oxygen supply leads 
to myocardial dilatation in end-diastole and reduced myocardial 
shortening.? Interventions leading to improved myocardial shorten- 
ing or reduced ischemic dilatation should thus be regarded as favor- 
able for ventricular function. In this investigation the effects of prac- 
tolol on myocardial shortening and end-diastolic myocardial dilata- 
tion in left ventricular regions acutely deprived of coronary blood 
supply were studied utilizing ultrasonic measurements of local myo- 
cardial dimensions.!9 E 
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HA RERO 
TABLE! 


` Hemodynamic Effects of Practolol During Coronary Arterial Occlusion in Nine Dogs (mean values * standard error) 
: LÀ During Coronary 


À During Occlusion 
* g Control P, Occlusion P, with Practolol 
".— 'LVSP (mm Hg) 115+8 : 109 « 7 NS 106 « 7 
|»... LVEDP (mm Hg) 2.0 « 0.3 t 4.8 + 0.5 t 7.8 + 0.9 
dP/dt (mm Hg/sec) 1480 + 70 * 1340 + 70 t 1090 + 50 

— SV (ml/beat) 14.6 + 1.2 * 13.2 + 1.0 * 14.2+ 1.2 
" —. HR (beats/min) 154+ 8 NS 155+ 8 t 133-4 5 


` * = P «0.02; t = P «0.005; NS = not significant (P >0.05). 

- Control = control observations; dP/dt = maximal value of left ventricular pressure rise; HR = heart rate; LVEDP = left ven- 
tricular end-diastolic pressure; LVSP = left ventricular systolic pressure; P, = probability value for comparison of paired data 
obtained before and after coronary occlusion; P, = comparison before and after administration of practolol; SV = stroke vol- 
ume. 
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TABLE Il 


s v. E 4 
Effects of Practolol on Regional Myocardial Dimensions (mm) During Coronary Occlusion 





ORAS EDMCL desc SMS desc EDMCL., SMS. 

F Occlusion Occlusion Occlusion Occlusion 
Dog Mc + + + + 
no. Control Occlusion Practolol Control Occlusion Practolol Control Occlusion — Practolol Control Occlusion Practolol 
E 550 1000 | 9.80 3065 040 0.5 1113 1148 1163 0.5 10.80 0.5 
Bor 12.10 12.95 12.75 0.53 0.20 0.27 9.35 9.75 9.85 0.50 0.40 0.30 
3 P 10.40 11.00 11.00 0.50 0.18 0.25 11.65 11.85 11.93 0.65 0.75 0.60 
Eo 10.70 11.10 11.00 0.45 0.35 0.45 11.15 11.45 11.90 0.85 0.78 0.40 
5. 9.88 | 10.445 1045 0.70 020 025 9.80 10.13 10.55 — — — 
Bi 12.05 2260: 7-12:25 4700.55. 7 0.10— 0,50 "1150. “168 12.05 0.60 0.65 0.32 
Kor 10.10 10.60 10.60 0.86 0.40 0.70 11.20 11.45 11.68 0.70 0.85 0.90 
B. 9.78 11.03 10.80 0.55 0.20 0.28 9.95 10.40 10.65 0.35 0.35 0.33 
2 10.66 11.16 11.06 0.50 0.20 0.30 10.50 10.70 10.88 0.65 0.60 0.45 
Mean 10.57 11.21 11.08 0.60 0.25 0.39 10.69 10.98 11.24 0.63 0.65 0.49 

5 M 0.31 0.32 0.30 0.04 0.04 0.05 0.27 0.25 0.26 0.05 0.07 0.07 
LAN + t t NS 

2 * * t * 





* = P «0.02; t = P «0.005; NS = not significant (P >0.05). 
~ EDMCL = end-diastolic myocardial chord length in regions supplied by the left anterior descending (desc) and the left cir- 
umflex (cf) coronary arteries; SMS = systolic myocardial shortening in these regions; SEM = standard error of the mean. 
je symbols and abbreviations as in Table I. 


SERE Methods 

. Animal preparation: Twelve healthy mongrel dogs, 
weighing 17 to 29 kg, were anesthetized by intravenous ad- 
ministration of sodium pentobarbital, 25 mg/kg body 


k 


parallel to the predominating local fiber orientation, high 
correlation existed between myocardial chord length and 
thermodilution determinations of left ventricular volume 
during great variations in ventricular preload and contrac- 
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weight, followed by maintenance doses of 50 mg at inter- 
bois The heart was exposed through incision in the fifth 
left intercostal space, and ventilation maintained by a posi- 
tive pressure respirator (Cyclator Mk. II, British Oxygen 
Co., London). The left anterior descending coronary artery 
was dissected free 0.5 to 2 cm from its origin and a ligature 
laced loosely around the vessel. Instantaneous myocardial 
imenson were measured by ultrasonic transmission be- 
tween two piezoelectric crystals of lead zirconate titanate 
(0.5 by 1 by 3 mm) sewn into the left ventricular wall 9 to 
11 mm apart at a depth of 5 to 8 mm from the epicardial 
iurface!?; the frequency response was 40 cycles/sec. The 
listance between the elements is called myocardial chord 
ength and represents the resultant movement of the mus- 
zle fibers between the elements. Provided that postopera- 
tive examination showed that myocardial chord length was 
Mu» h l 
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tility.!? One pair of elements was placed in the region sup- 
plied by the coronary artery to be occluded, and another 
pair clearly outside this region for control purposes. 

Left ventricular pressure was measured by a Statham 
P23Gb transducer connected to a short catheter introduced 
through the apex, and the first derivative of left ventricular 
pressure, dP/dt, was continuously recorded from the pres- 
sure channel. Phasic blood flow in the ascending aorta was 
measured by an electromagnetic flowmeter (Nycotron, 
model 367, Oslo), and left ventricular stroke volume was 
determined by beat to beat integration of the flow signals. 
In three dogs heart rate was kept constant by pacing the 
right atrium (Grass Instruments model S4G) with pulses of 
1 msec at an effective voltage of 1.5 to 2.5 v. | 

Experimental procedure: After control observations 
were recorded, the coronary artery was occluded by a May- 
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|... FIGURE 1. Dog 2. Effects of practolol during 
| _ occlusion of the left anterior descending coro- 
~ _ nary artery. Recordings of local myocardial 
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- . chord lengths (MCL) in the ventricular region 
. supplied by the occluded left anterior descend- 
= ing coronary artery (Desc) and by the left cir- 
3 : ; - cumflex coronary artery (Cf), which was not oc- 
d . . cluded. Upper margin of tracing denotes the 
— myocardial chord length. 


MCL Desc 
mm 


Stroke volume 
ml/beat 


Aortic flow 


|/min 

MCL Desc 

mm 
FIGURE 2. Dog 6. Pattern of myocardial shortening MCL c, 
during occlusion of the left anterior descending coro- nun 


nary artery before and after administration of practolol. 
Local myocardial chord lengths (MCL) were recorded 
in the ventricular region supplied by the descending ar- 


. tery (Desc) and by the nonoccluded left circumflex cor- 


onary artery (Cf). 


. field clip. Redetermination of ventricular dimensions, pres- 
sures and flow was performed 3 to 5 minutes after occlu- 
sion. Then 10 to 20 mg of practolol (Eraldin, Imperial 
Chemical Industries, London) was given intravenously over 
1 to 3 minutes, and new determinations were made 10 min- 
utes after administration of practolol. All recordings were 
made during steady hemodynamic conditions. 

Immediately after the dogs were killed by administration 
of an overdose of sodium pentobarbital, Evans blue dye 
| was injected into the coronary artery at the site of former 
occlusion and colored tissue was isolated and weighed. On 


: ^ average, 34.3 percent of left ventricular weight (range 21.8 


to 41.5 percent) had been rendered ischemic by coronary 


oclusion: 
- Statistical analysis: Each dog served as its own control. 


P 'Brodent's t test for paired data was used to calculate prob- 
| ability values (P).!! A value of P >0.05 was V oma as not 
ser TE significant. | 
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intravenous administration of practolol in 
with spontaneous cardiac rhythm. — 
Effects of coronary occlusion: Occlus 
left anterior descending coronary artery was f | 
by marked end-diastolic dilatation in regi ions 
plied by this artery (Fig. 1). Myocardial dilata 
also occurred in nonischemic control regions : suppl: 
by the left circumflex coronary artery, and left ve 
tricular end-diastolic pressure was increased by 2.8 
0.5 mm Hg (P <0.001). However, end-dia stoli 
mensions as estimated by myocardial chord. ! 
increased more in ischemic than i in nonis: he: 
gions (P <0.001). AN 
A changed contraction pattern of the i 
myocardium was observed during corona 
occlusion. In this part of the left ventricle 
during ventricular systole was oe redu 
D, whereas Pao ib | myoc 
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. FIGURE 3. Effects of practolol during occlusion of the left anterior 
-. descending coronary artery in three dogs with a heart rate kept con- 
- Stant by right atrial pacing. End-diastolic myocardial chord length 
_ (EDNCL) and systolic myocardial shortening (SMS) were measured 
. in ventricular regions supplied by the anterior descending artery 
. (Desc). 

E. 


- occlusion in most of the experiments (Fig. 1). In non- 
Ischemic control regions the systolic myocardial 
- shortening remained unchanged during occlusion. 

_ Left ventricular performance was reduced by cor- 
onary occlusion, as evidenced by lower values for 
_ Stroke volume, cardiac output, dP/dt and left ven- 
-tricular systolic pressure (Table I). 

- Effects of practolol: With the coronary artery 
still occluded, administration of practolol restored 
stroke volume almost to control levels, although 
dP/dt was further reduced (Table I). End-diastolic 
| ventricular dimensions in nonischemic regions —and 
the end-diastolic ventricular pressure— increased 
further from the values obtained during occlusion 
alone, whereas the ischemic myocardial dilatation in 
occluded areas was reduced; however, control levels 
‚were not regained during beta adrenergic blockade in 
any experiment. Practolol diminished the early dia- 
„stolic myocardial shortening in occluded areas, and a 
‘significantly greater portion of shortening occurred 
in ventricular systole (Fig. 2). In nonischemic regions 


practolol gave an opposite effect by reducing systolic 


myocardial shortening (Table II). 
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LEFT VENTRICULAR END-DIASTOLIC 
PRESSURE, mmHg 


FIGURE 4. Relation between left ventricular end-diastolic pressure 
and changes in end-diastolic myocardial chord length (AEDMCL). A, 
measurements from ventricular regions supplied by the occluded left 
anterior descending coronary artery (Desc). B, measurements from 
control regions supplied by the nonoccluded left circumflex coronary 
artery (Cf) Open circles — prior to occlusion; closed circles — during 
occlusion; triangles — after administration of practolol. 


Left ventricular systolic pressure remained un- 
changed during beta adrenergic blockade with prac- 
tolol. Cardiac output was reduced by 161 + 47 ml/ 
min (P «0.01) after administration of practolol be- 
cause the decrease in heart rate was greater than the 
increase in stroke volume. 

In three dogs the heart rate was kept constant (av- 
erage 141 beats/min) by right atrial pacing. The di- 
mensional measurements are presented separately, 
and it appears from Figure 3 that the results ob- 
tained during administration of practolol were simi- 
lar to results in the hearts with spontaneous rhythm. 

End-diastolic  pressure/dimension relation: 
End-diastolic myocardial chord length in ischemic 
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regions increased by an average of 6.1 + 0.9 percent 
of control value after coronary occlusion, whereas 
nonischemic chord length increased by only 2.7 + 0.4 
percent (Table II). Although left ventricular end-dia- 
stolic pressure was not similarly increased in individ- 
ual experiments (Fig. 4), the highly significant differ- 
ence in regional dimensions (P <0. 001) indicates a 
changed pressure/dimension relation in end-diastole 
during acute myocardial ischemia because ventricu- 
lar pressures were always identical in the two regions. 
The reduction of end-diastolic myocardial chord 
length in occluded regions affected by practolol 
brought the pressure/dimension curve in these re- 
gions close to that obtained in nonischemic ventricu- 
lar regions (Fig. 5). The measurements therefore in- 
dicate that administration of practolol tends to nor- 
malize the changed end-diastolic pressure/dimension 
relation during acute coronary occlusion. 


Discussion 


Practolol and increased systolic myocardial 
shortening: The most important finding in this in- 
vestigation was that practolol increased systolic myo- 
cardial shortening, which had been largely reduced 
by coronary occlusion. Although variable effects of 
practolol on stroke volume and contractility have 
previously been reported,*!? left ventricular dP/dt 
and systolic myocardial shortening in nonischemic 
control regions were clearly reduced by practolol in 
this study. It is therefore reasonable to attribute res- 
toration of stroke volume to an increased myocardial 
shortening in the ischemic regions. This represents 
an obvious improvement of ventricular function by 
practolol during acute coronary occlusion. 

Practolol and improved myocardial oxygen 
balance: It is generally believed that practolol does 
not increase myocardial oxygen supplies!? but dimin- 
ishes net myocardial oxygen requirements through 
reduction in the contractile state and heart rate,» al- 
though an accompanying ventricular dilatation’ 
might increase the myocardial oxygen demands.® Re- 
cent studies**+ have revealed that S-T segment 
changes after coronary occlusion in dogs and myocar- 
dial infarction in patients were reduced by practolol, 
indicating an improved myocardial oxygen balance. 
Since a close relation between myocardial oxygen 
consumption and ventricular dilatation has been 
demonstrated during graded myocardial ischemia,’ 
reduced ischemic dilatation by practolol indicates 
improved myocardial oxygen balance. A negative 
chronotropic action of practolol undoubtedly reduces 
myocardial oxygen demands.? However, since im- 
proved function of the ischemic myocardium could 
be demonstrated during constant atrial pacing, re- 
duced end-diastolic dimensions and wall tension?? 
might also represent a reduction in the myocardial 
oxygen requirements, thus permitting increased sys- 
tolic shortening. Thus, in addition to the antidys- 
rhythmic properties of practolol, its ability to im- 
prove myocardial oxygen balance through these 
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| PRACTOLOL AND ) VENTRICULAR DIMENSIONS DURING ISCHEMALEKVEN — 5 
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Left ventricular end-diastolic — 

pressure 1 
FIGURE 5. Scheme, calculated from the mean values in Figure 4, of 
the ventricular pressure/dimension relation in ventricular regnet "S 
rendered ischemic by coronary arterial occlusion and in nonischemic — 4 


control regions. Open circles = prior to occlusion; closed circles = a 
during occlusion; triangles = after administration of practolol. E 


mechanisms constitutes the rationale for use of this | 
agent in patients with acute myocardial infarction. — . 
Practolol and redistribution of myocardial — 
blood flow: A relative redistribution of coronary — 
blood flow to ischemic areas has been demonstrated | 
after administration of propranolol to hearts with oc- — 
cluded coronary arteries.!^ If such a mechanism also — 
applies to practolol, this could contribute to im- 
proved myocardial oxygen balance and function, | 
mainly in ischemic subendocardial layers. The dem- . 
onstration in this study that improvement of me- 
chanical function within the ischemic third of the left — 
ventricle after beta adrenergic blockade is associated . 
with concomitant reductions of systolic myocardial | ` 
shortening within the nonischemic two thirds, ven- - 
tricular contractility as a whole and dP/dt might be 
explained by redistribution of myocardial blood flow. 
Practolol and improved myocardial metabo= | 
lism: On the other hand, could myocardial oxygen - 
balance also be improved by beta adrenergic blocking - : 
agents through metabolic mechanisms? It has been > 
demonstrated that antilipolytic agents reduce ST. 
segment elevation after acute coronary occlusion, 15 
probably by inhibiting myocardial lipolysis evoked = 
by release of endogenous catecholamines in acutely © 
ischemic tissu-!© and leading to a relatively oxygen- 
expensive consumption of free fatty acids. Antilipoly- - 
tic activity of practolol has been demonstrated in iso- — 
lated fat cells!” and, if this applies also to in vivo 
myocardial lipolysis, myocardial oxygen require- 
ments might thus be reduced in acutely ischemic — 
myocardial tissue. Furthermore, it has recently been — 
reported!? that beta adrenergic blockade with pro- : 
pranolol permitted enhanced glycogenolytic enara à 
production during anoxia in rat hearts. 
Thus, several mechanisms for improvement off à 
myocardial oxygen balance by beta adrenergic block- 4 
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A 
. ing agents are proposed although it is not known 
E which is the most important or why oxygen require- 
ments of ischemic myocardial tissue are reduced if 
^ increased blood supply may be present. Although 
s these measurements provide no direct information on 
 . myocardial oxygen balance, they indicate that the 
. mechanical function of the acutely ischemic myocar- 
» dium benefits from beta adrenergic blockade by 
: practolol. - 
: Practolol and changes in myocardial compli- 
ance: Use of left ventricular end-diastolic pressure 
3 measurements to assess cardiac failure has among its 
limitations dependence on a constant ventricular 
_ pressure/volume relation.!92° Whereas increased 
E end-diastolic pressure during coronary heart disease 
5 is commonly interpreted as an indication of incipient 
- heart failure, the measurements reported here de- 
- Scribe a situation after administration of practolol in 
i which improved function of acutely ischemic myocar- 
dial tissue is associated with increased ventricular 
É end-diastolic pressure. This finding thus emphasizes 
_ the reservations to use of ventricular end-diastolic 
f pressure as a reliable index of ischemia or heart fail- 
: ure. Decreased ventricular compliance has been dem- 
‘$ onstrated in patients within a few days of myocardial 
- infarction and in patients with chronic coronary ar- 
: tery disease. However, the observations in this 
_ study suggest an increased ventricular compliance in 
3 oae diastole in the ischemic regions immediately 
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- mal and ischaemic heart. Cardiovasc Res 7:167-173, 1973 
5. Epstein SE, Braunwald E: Beta-adrenergic receptor blocking 
"É drugs. Mechanisms of action and clinical applications. N Engl J 
K Med 275:1106-1112, 1966 
6. Ek L, Ablad B: Effects of three beta adrenergic receptor block- 
f ers on myocardial oxygen consumption in the dog. Eur J Phar- 
is macol 14:19-28, 1971 
3 7. Chamberlain DA: Effects of beta adrenergic blockade on heart 
H size. Am J Cardiol 18:321-328, 1966 
.. 8. Sonnenblick EH, Ross J Jr, Braunwald E: Oxygen consumption 
E of the heart. Newer concepts of its multifactoral determination. 
Am J Cardiol 22:328-336, 1968 
- . 9. Lekven J, Mjos OD, Kjekshus JK: Compensatory mechanisms 
gs during graded myocardial ischemia. Am J Cardiol 31:467—473, 
Ev. 1973 
= 10. Lekven J, Bugge-Asperheim B, Kiil F: Relationship between 
_ A local myocardial dimensions and left ventricular volume in dogs. 
» . . Scand J Clin Lab Invest 29:5-14, 1972 
.. 11. Snedecor GW, Cochran WG: Statistical Methods (sixth edition). 
E Ames, lowa, The lowa State University Press, 1967, p 59-62 
..12. Finegan RE, Marlon AM, Harrison DC: Circulatory effects of 
practolol. Am J Cardiol 29:315-322, 1972 


after coronary occlusion. Compliance is defined as 
dV/dP, where V is volume of the left ventricle and P 
its intracavitary pressure. Since myocardial chord 
length increased significantly more within ischemic 
regions than within control regions, dV/dP must be 
greater in ischemic areas because the two regions 
have identical—and  increased— ventricular pres- 
sures. Although ventricular pressure and dimensions 
were obtained during steady hemodynamic condi- 
tions, they were measured within the time limit of 20 
to 30 minutes for development of irreversible cell in- 
jury.?? It is therefore credible that after acute coro- 
nary occlusion compliance is initially increased in af- 
fected ventricular regions and later decreased, a 
change that might be explained by the pathologic- 
anatomic alterations and cell death in the early heal- 
ing phase.?? The observations in this study also indi- 
cate that practolol normalizes the increased compli- 
ance during acute ischemia. This finding implies that 
the ischemic myocardial tissue becomes capable of 
operating a more propitious Frank-Starling curve 
after beta adrenergic blockade, as was indicated by 
increased systolic shortening and stroke volume ejec- 
tion after administration of practolol. 
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This study examines the effects of graded reduction in regional coro- 

nary perfusion and changes in arterial oxygen concentration upon re- 

gional myocardial function and left ventricular function. In 14 open 

chest dogs, the distal left anterior descending coronary artery was 
cannulated and perfused at different pressures with blood equilibrated 

with either 21 or 95 percent oxygen, and regional function in the per- 

fused myocardial segment was determined by use of the pressure- 

length loop. The mass of perfused left ventricular myocardium was de- 

termined by injection of sodium fluorescein at a constant pressure of 

100 mm Hg. Regional function decreased minimally as coronary perfu- 
sion pressure and flow were reduced to 50 to 65 mm Hg and 25 to 55 
ml/min per 100 g, respectively. When pressure and flow were reduced 
below these critical ranges, regional function decreased sharply. 
Changes in left ventricular function were comparable but of lesser 
magnitude. The relations between regional function or left ventricular 
function and coronary perfusion were not affected by changing arterial 
oxygen concentration, except at the low range of coronary perfusion 
pressures (22--6 mm Hg), at which pressure regional function was sig- 
nificantly lower (P «0.025) in the experiments with 95 percent oxy- 
gen. Thus, the sensitivity of myocardial performance to a decrease in 
effective coronary perfusion pressure and flow is remarkably depen- 
dent upon whether pressure and flow are above a critical level. 


Severe coronary arterial stenosis is frequently associated with a re- 
duction in regional blood flow and myocardial ischemia. However, the 
precise relation between regional coronary perfusion and regional 
dysfunction is not firmly established. Although it has been shown 
that a substantial reduction in main left coronary arterial blood flow 
and perfusion pressure reduces total left ventricular performance, 
insufficient information is available describing regional myocardial 
function at levels of coronary perfusion that are below normal. These 
measurements have recently assumed particular clinical relevance 
with the use of agents that reduce peripheral vascular resistance in 
the therapy of heart failure due to acute myocardial infarction. Since 
such agents often reduce coronary perfusion pressure, it is important 
to know to what extent the perfusion pressure may be decreased be- 
fore myocardial function in an ischemic area begins to deteriorate. 
Although regional coronary perfusion in patients is dependent 
upon both the aortic pressure and the degree of coronary stenosis, an 
experimental model in which regional coronary perfusion is carefully 
controlled may give some insight into the clinical situation. In the ex- 
perimental animal, regional myocardial function can be studied at 
various levels of regional coronary perfusion. A sensitive and repro- 
ducible method for quantitating regional myocardial contractile func- 
tion has recently been developed in this laboratory.^? The technique 


4 
* 
p 
- 
E 
43 
ws 
t 
[ 
di 


^^ * 
A 
4 
;« 
e 
4 
4 





19) PACA inc ee aie ede BO. 


ACT P 2M 
ENORA Cribs: 


* ~ y 
TEPAT" tS : E 
LANCEA. a LM abe t ee rg 


| CORONARY PERFUSION AND CARDIAC FUNCTION-WYATT ET AL. - 


qom US 






) \ 


= ~ SS a SE D MY 


ROLLER PUMP 






TF RT 


he ae 












B. i BLOOD FROM FEMORAL VEIN 
a. i OXYGENATOR 

m B 

Pest i 

r 

Éi t (— PRESSURE TRANSDUCER 
" H ETIN TY 4 

mr zie dida 

n EET i f Se A ^ 

e FILTER (pao a YEN = Ss | 

| A ; 

bi fear VW 

ES EXCHANGER FLOW PROBE | 





E percent oxygen, a filter, a heat exchange unit, cannulating electro- 
.. magnetic flow probe and tap for measurement of perfusion pres- 


. Sure. Coronary perfusion pressure was controlled by adjusting the 
_ height of the disc oxygenator. 


- allows an examination of synchrony of contraction 
~. and a quantitation of the mechanical work performed 
E. by or dissipated into the myocardial segment under 
- examination. Accordingly, in this study we investi- 
. gated the relation of regional coronary perfusion to 
. regional myocardial function and left ventricular 
.. function during graded decreases in left anterior de- 

scending coronary arterial perfusion pressure over a 
— range of 100 to 16 mm Hg. In addition, we studied 
_ the effect of high levels of arterial oxygen tension, 
_ such as those employed clinically in acute myocardial 
. . infarction. 


A 


) 


yes Method 
^ 
x Fourteen mongrel dogs (23 to 27 kg) were sedated with 
_ morphine sulfate (2.2 mg/kg body weight, intramuscularly) 
. and anesthetized with ethyl carbamate (1.1 g/kg, intrave- 
- nously). A left thoracotomy was performed through the 
_ fifth intercostal space. Aortic pressure was monitored with 
. a Statham P23Db pressure transducer by means of a cathe- 
- ter passed through the femoral artery. Left ventricular 
JE pressure (both low gain and high gain) was recorded by a 
-. Solid state catheter tip pressure transducer (model BT-7F2, 
- Bio-Tech, Pasadena, Calif.) mounted on a no. 8F double 
- lumen cardiac catheter passed retrograde across the aortic 
valve. Accuracy of the diastolic pressure determinations 
. was assured by comparison with the magnified pressure 
.. wave form recorded from a Statham P23Db external pres- 
. sure transducer by way of the second lumen. All pressures 
.. were referenced to the level of the mid-left ventricle. 

A large bore cannula was positioned in the superior vena 
.. cava by way of the external jugular vein; a reservoir bottle 
. was connected externally to the cannula and adjusted to 
-. the appropriate height to maintain a constant end-diastolic 
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pressure of 5 to 10 mm Hg. Heart rate was not controlled 
and averaged 140 beats/min in these experiments. 

Ascending aortic flow was measured in all experiments 
and coronary perfusion flow in 10 experiments by means of 
two electromagnetic flowmeters (model RC 1000, Micron 
Instruments, Los Angeles, Calif.). The signals were record- 
ed for visual experimentation (Visicorder model 1505, Hon- 
eywell, Denver, Colo.) and recorded on magnetic tape for 
subsequent analysis (model GR-2900, Consolidated Elec- 
trodynamic Corporation, Pasadena, Calif.). Left ventricu- 
lar function was evaluated from the following formula: 
LVSW = SV x (SP — LVEDP), where LVSW = left ven- 
tricular stroke work, SV = stroke volume, SP = mean sys- 
tolic pressure and LVEDP = left ventricular end-diastolic 
pressure. 

For assessment of regional myocardial function, a 1 em 
long mercury-filled Silastic® length gauge (Parks Electron- 
ics, Beaverton, Ore.) was fixed in a direction parallel to 
that of the superficial myocardial fibers and placed within 
the distribution of the distal left anterior descending coro- 
nary artery. The artery was dissected free, cannulated 
proximal to its last diagonal branch and perfused by an ox- 
ygenator-bypass system (Fig. 1). The oxygenator was 
primed with the experimental dog’s blood and removed as 
blood from a donor dog was transfused. Blood was pumped 


_from the femoral vein with a finger pump into a disc oxy- 


genator that could be raised or lowered to achieve any de- 
sired perfusion pressure. To evaluate the effects of high 
levels of arterial oxygen tension, such as may be employed 
clinically, the oxygenator was ventilated with gas mixtures 
containing 5 percent carbon dioxide and 21 or 95 percent 
oxygen, resulting in arterial oxygen partial pressures of 100 
and 300 mm Hg, respectively. A filter, cannulating electro- 
magnetic flow probe, heat exchanger and tap for measure- 
ment of perfusion pressure completed the circuit. 

Regional myocardial function was evaluated using the 
pressure-length loop method previously described by this 
laboratory.^5 When left ventricular pressure is plotted si- 
multaneously against epicardial segment length, a *pres- 
sure-length loop” is obtained that closely resembles the 
pressure-volume loop of the intact heart. The area within 
the pressure-length loop is an index of the work performed 
by or on the myocardial segment, and has been shown to 
correlate closely with total cardiac function during alter- 
ations in preload, afterload, contractility and heart rate. 


Experimental Procedure 


In each experiment, immediately after coronary cannula- 
tion, perfusion of the distal half of the left anterior de- 
scending coronary artery was continued at a perfusion 
pressure of approximately 100 mm Hg for at least 20 min- 
utes. After this initial stabilization period, perfusion pres- 
sure was reduced in stepwise fashion with a return to the 
initial level (100 mm Hg) after each step. Each step consist- 
ed of a reduction in perfusion pressure of approximately 
7-10 mm Hg that was maintained for 2 minutes, a period 
that previous studies’ have indicated should permit stabi- 
lization of hemodynamics under ischemic conditions. This 
procedure was continued until a range of perfusion pres- 
sures between 100 and 16 mm Hg was obtained. 

Finally, the heart was removed and sodium fluorescein 
was injected into the distal left anterior descending coro- 
nary artery by means of the perfusion cannula at a constant 
pressure of 100 mm Hg. The left ventricular myocardium 
was separated into stained and unstained portions by ex- 
amination under ultraviolet light, and each portion was 
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FIGURE 2. Effect of graded reductions in coronary 
perfusion pressure on coronary blood flow, epicardial 
segment length in the perfused regional myocardium, 
aortic and left ventricular (LV) pressures, and the rela- 
tion between left ventricular pressure and epicardial 
segment length in a representative experiment in 
which the blood perfusate was saturated with 21 per- 
cent oxygen. A, normal systolic contraction. B, de- 
crease in systolic shortening. C, systolic dyskinesis in 
ischemic segment. (See text.) 
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FIGURE 3. A, relation between coronary perfu- 200 
sion pressure (CPP) and the area of the pres- 
sure-length loop, an index of regional myocar- 
dial function, in a representative experiment. B, 
relation between coronary blood flow (CBF) and 
area of the pressure-length loop in the same 
experiment. (See text.) 
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weighed separately to estimate the amount of left ventricu- 
lar myocardium perfused experimentally by the external 
circuit. 

Although fluorescein has previously been used as a stain 
for the myocardium, !? its use had certain limitations in this 
study. Injection of fluorescein was performed at the control 
pressure of 100 mm Hg and the stained area should repre- 
sent the area of myocardium perfused during the control 
period. However, in this study, when coronary perfusion 
pressure was reduced over a range of pressures, the area of 
perfused myocardium may have changed accordingly. 
Therefore, there may be some error in the estimate of per- 
fused area for coronary perfusion pressures below the con- 
trol level of 100 mm Hg. 


Data Analysis 


Analysis of myocardial segment function was performed 
as follows: Coronary perfusion pressure levels were divided 
arbitrarily into seven ranges of 12 mm Hg each: 88 to 100, 
76 to 87, 64 to 75, 52 to 63, 40 to 51, 28 to 39 and 16 to 27 
mm Hg. Within each range of coronary perfusion pressure, 
a mean pressure-length loop area was determined. The 
mean area within the highest common pressure range, 64 to 
75 mm Hg, was arbitrarily chosen as the control value (100 
percent segment function); at any given pressure range, 
segment function was calculated as percent of mean loop 
area with respect to control loop area. Analysis of left ven- 
tricular function was performed similarly on the basis of 
values for left ventricular stroke work. From the perfusion 
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pressure (CPP) and flow (CBF) data, the resistance to flow 
(“bed resistance") was calculated for each data point as r = 
CPP/CBF. 


Results 


Regional Myocardial Function 


Figure 2 illustrates typical data obtained from an 
experiment in which the left anterior descending cor- 
onary artery was cannulated and perfused with blood 
equilibrated with 21 percent oxygen. In the control 
state (Fig. 2A) at a perfusion pressure of 95 mm Hg 
and a coronary blood flow rate of 99 ml/min per 100 
g, the typical pressure-length loop was counterclock- 
wise and completely normal with respect to the loop 
recorded before cannulation. Two minutes after re- 
duction of coronary perfusion pressure to 47 mm Hg 
(Fig. 2B) and coronary blood flow to 21 ml/min per 
100 g, there was a characteristic change in the length 
tracing consisting of late systolic lengthening and de- 
layed shortening. The result was a decrease in the 
area of the pressure-length loop and the characteris- 
tic shape shown. Two minutes after reduction of the 
perfusion pressure to 22 mm Hg (Fig. 2C) and coro- 


nary flow to —4 ml/min per 100 g, the length tracing 


demonstrated epicardial segment lengthening 
throughout most of systole and shortening only at 
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pressures near the diastolic level. The pressure- 


length loop was inscribed in a clockwise direction, 


and the value for loop area was negative, indicating 


that work was expended in stretching the segment. 
Figure 3 shows the relation of coronary perfusion 


. pressure and coronary blood flow to the area of the 


pressure-length loop in a typical experiment in which 
the coronary perfusion blood was saturated with 21 
percent oxygen. As coronary perfusion pressure was 
reduced from 100 to 50 to 60 mm Hg and coronary 


flow from 80 to 30 to 40 ml/min per 100 g, the loop 
area decreased to approximately 85 percent of the 
initial value. When pressure and flow continued to 


. decrease, however, loop area decreased rapidly to ap- 


proximately zero. In this experiment, the critical lev- 


. els of coronary pressure and flow below which seg- 
. ment function decreased rapidly were 50 to 60 mm 


t 


Hg and 30 to 40 ml/min per 100 g, respectively. 
Relation of coronary perfusion pressure to 


A segment function: Figure 4A illustrates this relation 
. in 16 experiments, comparing the effects of 21 per- 
. cent oxygen saturation (arterial PO; 100 mm Hg) to 
..'95 percent oxygen saturation (arterial PO. 300 mm 
. Hg). In the experiments with 21 percent oxygen satu- 


. ration, as coronary perfusion pressure was reduced 


from the high range, 88 to 100 mm Hg, to a middle 
. range, 52 to 63 mm Hg, segment function decreased 
. ata rate of approximately 0.7 percent per mm Hg. As 
. perfusion pressure was reduced below 52 to 63 mm 


— Hg, segment function decreased rapidly at a rate of 


about 2.5 percent per mm Hg, to a value of zero at a 
range of perfusion pressures of 16 to 27 mm Hg. In 
the experiments with 95 percent oxygen saturation, 
segment function decreased in a parallel fashion ex- 


 cept for a slight but significant enhancement of func- 
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tion in the range of 76 to 87 mm Hg. However, at the 


lowest level of perfusion pressure, segment function 
was reduced to a mean value that was significantly 
lower (P <0.02) than that in the experiments with 21 
percent oxygen saturation. The linear relation be- 
tween perfusion pressure and flow in Figure 4B 
suggests that coronary resistance was minimal in 
each dog, even at the control levels of perfusion pres- 
sure (95 mm Hg); that is, there was no autoregulation 
in the coronary bed. Although normal segment func- 
tion was present in the control state after coronary 
cannulation, the experimental procedure of cannula- 
tion may have caused the loss in autoregulatory ca- 
pacity by producing a state of mild ischemia in which 
flow and function were preserved by autoregulation. 

Coronary bed resistance: Coronary bed resis- 
tance (r = CPP/CBF), calculated in 14 dogs, ranged 
from 0.7 to 3.9 units. Since pH may affect vascular 
distensibility but was not controlled in this study, the 
variability in pH may have contributed to the wide 
range of coronary vascular resistance levels. Another 
possible cause of this variation in resistance values 
may have been release of vasodilator substances 
when blood of the donor dog was mixed with blood of 
the experimental dog. However, despite the wide 
range of values, there was a critical level of coronary 
blood flow in the narrow range of 25 to 55 ml/min per 
100 g, below which function was markedly impaired 
(Fig. 5). 

Relation between coronary blood flow and seg- 
ment function: Figure 5 illustrates the individual 
relation between segment function and coronary 
blood flow (ml/min per 100 g) for five experiments 
with 95 percent oxygen saturation and five experi- 
ments with 21 percent oxygen saturation. There is 
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FIGURE 4. A, relation between coronary perfusion pressure (CPP) and regional function in seven experiments with 21 percent oxygen saturation 
(squares) and nine experiments with 95 percent oxygen saturation (circles). Regional epicardial function was determined as the pressure-length 
loop area in percent of control level (at a perfusion pressure of 70 + 6 mm Hg) and plotted as the mean value + 1 standard error of the mean. 
B, relation between coronary perfusion pressure (CPP) and coronary blood flow (CBF) for five experiments with 21 percent oxygen saturation 
(squares) and five experiments with 95 percent oxygen saturation (circles). Coronary blood flow was determined as a percent of control (at a 


perfusion pressure of 70 + 6 mm Hg) and plotted as the mean value + 1 standard error of mean. (See text.) 





. FIGURE 5. Individual relation between 
coronary blood flow (CBF, ml/min per 
100 g) and regional epicardial func- 
tion for five experiments with 95 per- 
cent oxygen saturation (A) and five 
experiments with 21 percent oxygen 
saturation (B). The vertical lines 
through each plot indicate the ap- 
proximate critical ranges of coronary 
blood flow below which regional func- 
tion declined sharply. The critical 
range was 30 to 55 ml/min per 100 g 
in A, and 25 to 45 ml/min per 100 g - 50 0 50 
in B. CBF 
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FIGURE 6. A, relation between coro- 
nary perfusion pressure (CPP) and 
left ventricular stroke work (LVSW) 
for seven experiments with 21 per- 
cent oxygen saturation (squares) and 
nine experiments with 95 percent 
oxygen saturation (circles). B, rela- 
tion between coronary blood flow 
(CBF) (ml/min per 100 g) and left 
ventricular stroke work for five ex- 
periments with 21 percent oxygen 
saturation (squares) and five experi- 
ments with 95 percent oxygen satu- 
ration (circles). Left ventricular 
stroke work (LVSW) was determined 
as percent of control (at a perfusion 
pressure of 70 + 6 mm Hg) and is 
plotted as the mean value + 1 stan- 
dard error of the mean. (See text.) 
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some individual variation in this relation, but it is ev- 
ident that the ranges of flow within which segment 
function began to deteriorate were 30 to 55 ml/min 
per 100 g in the experiments with 95 percent oxygen 
saturation and 25 to 45 ml/min per 100 g in the ex- 
periments with 21 percent oxygen saturation. At 
higher flow ranges, segment function was well main- 
tained, and at lower ranges segment function greatly 
deteriorated. Retrograde flow was more often ob- 
served in experiments with 21 percent oxygen satura- 
tion (Fig. 5). 


Left Ventricular Function 


Figure 6 illustrates the effects of coronary perfu- 
sion pressure and flow on left ventricular function. As 
pressure was decreased from the highest levels to 52 
to 63 mm Hg and flow decreased to 40 to 50 percent 
of control values, left ventricular stroke work de- 
creased gradually. However, in the experiments with 
95 percent oxygen saturation, there was an initial en- 
hancement of left ventricular stroke work similar to 
the enhancement of segment function seen at the 
same pressure and flow levels. Below the critical level 
of coronary perfusion pressure, 52 to 63 mm Hg, seg- 
ment function began to decrease rapidly, reaching 
maximal rates of 2.1 percent per mm Hg with 95 per- 
cent oxygen saturation and 1.3 percent per mm Hg 
with 21 percent oxygen saturation. At the lowest lev- 
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els of coronary pressure and flow, left vehte A 
stroke work had decreased to 60 percent of the con- 
trol value, thus suggesting that approximately 40 per- - qu 
cent of the total left ventricular function in control - 
conditions was lost by reducing to almost zero the - 
flow to a segment of the myocardium. A | 


Discussion | 1 


Myocardial segment function examined by 
pressure-length loop: In this study, segment func- — 3 
tion was measured in a myocardial region during con- — 
trolled coronary perfusion in the distal left anterior 
descending coronary artery. Any changes in coronary E 
flow or regional function that may have occurred out- 3 
side the region of controlled perfusion were not mea- - 
sured. Segment function was analyzed by means of 
the pressure- -length loop. method, a technique devel- - 
oped in this laboratory.”® 

The pressure- -length loop provides a sensitive - 
means of examining the synchrony of contraction of a 
given segment with respect to the total left ventricle. 
Left ventricular pressure reflects the time course of — 
contraction in the mass of normal myocardium, . 
whereas regional segment length reflects the time — 
course of contraction of the ischemic segment inter- _ 
acting with adjacent normal myocardium. Inter- . 
estingly, the progression of segment length changes 


during stepwise reduction of coronary pertus in 
; Sa 


bm n 








os Saas aaa 


P» < 
EPEETAN 





TERR ay ae 


; N e PERFUSION AND CA 


75% stenosis 
AP = 4-3 





CPP- 55 mmHg [J 


SOR OIE | 
d sah us m AS re > 
í |j val mit. "ys bs eee 
» e "n. Y a5 
3 K NX Saad 


e, 


90% stenosis 


AP - 43 


aan 


x 


Sec em 





Np 


PAo = 98 mmHg 


OE POT MZ 
Je 


- 

d 

ks : 3 55 mmHg 
x3 40 mi; min. 
j Required Pag 59 mmHg 
Er Pressure drop | 4-3 mmHg 


Resistance (r) 1:37 units 


vi Nis, 
y e ^ 





Juv 


PVs ~ 
E MA : 





P “this study (Fig. 2) closely resembles the time course 
y of changes in segment length in an ischemic region 
- after coronary occlusion, as described in a previous 
study from this laboratory. 7 The segment length first 
— began to lengthen late in systole; this lengthening oc- 
curred progressively earlier until there was little or 
no shortening during systole. These changes repre- 
sent a progressive decrease in capacity of the isch- 
emic muscle segment to shorten during systole 
. against the stress developed by normal segments of 
— the left ventricle. 
— . "The area enclosed by the pressure-length loop, in- 
p scribed over the entire course of one cardiac cycle, 
_ tends to reflect the net mechanical work of the myo- 
i cardial segment during that cycle.^? A segment that 
. contracts during systole produces a positive loop 
" area; one whose contraction is negated by expansion 
-. produces a zero loop area; and one that shortens at a 
lesser pressure than that at which it lengthens pro- 
_ duces a negative loop area. Thus, the relative magni- 
. tude of energy that the heart loses with an expanding 
- ischemic segment is represented by the area of the 
be clockwise (that is, negative) pressure- -length loop. In 
$ this manner, regional myocardial function is evalu- 
- ated during stepwise reduction of coronary perfusion. 
Coronary perfusion pressure and flow and re- 
_ gional myocardial function: Our study indicates 
: that the effect of a given reduction in regional coro- 
- nary perfusion pressure and flow upon regional myo- 
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cardial function is critically dependent upon the 
- preexisting levels of pressure and flow. Thus, sub- 
: stantial reductions in perfusion pressure, from 100 to 
| approximately 55 mm Hg, were accompanied by a 
<- small reduction in regional function, whereas reduc- 
tion in pressure below the narrow range of 65 to 50 
mm Hg resulted in substantial reduction in the func- 
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CBF - 40 ml/min. 


CBF - 40 ml; min. 


FIGURE 7. Schematic illustration of the effect of proxi- 
mal coronary arterial stenosis on the aortic perfusion 
pressure (Pao) required to maintain a distal coronary 
perfusion pressure (CPP) of 55 mm Hg and coronary 
blood flow (CBF) of 40 ml/min per 100 g for two steno- 
ses of 75 and 90 percent. (See text.) AP — change in 
pressure. 


tion of the ischemic segment. In addition, our study 
demonstrates that the reduction in regional function 
is translated into comparable reductions of lesser 
magnitude in left ventricular performance. 

Our results are in agreement with those obtained 
by other investigators!!-!5 who found that cardiac 
contractile performance varies directly but minimally 
with coronary perfusion pressure in the normal phys- 
iologic range. Our data suggest that the approximate 
lower limits of the so-called normal physiologic range 
for coronary flow and pressure are approximately 55 
to 25 ml/min per 100 g and 65 to 50 mm Hg, respec- 
tively. Below these levels, regional myocardial func- 
tion deteriorated three to five times more sharply 
than at the higher, more physiologic levels of pres- 
sure and flow. Changes in left ventricular stroke work 
paralleled those of regional myocardial function but 
were smaller. These data are in close agreement with 
those of Lekven et al.,° who found that total cardiac 
function was impaired when perfusion pressure in 
the main left coronary artery was less than 50 to 60 
mm Hg. 

Subendocardial vs. epicardial segmental func- 
tion: Since the subendocardium is more vulnerable 
than the epicardium to ischemia,!6 it is possible that 
the relation of function in the subendocardium to 
coronary perfusion may be different from the relation 
found in our study between epicardial segment func- 
tion and coronary perfusion (especially the critical 
levels of flow and perfusion). Lekven et al.? used ul- 
trasonic micrometer measurements to evaluate 
changes in left ventricular subendocardial end-dia- 
stolic segment length. Although their studies did not 
quantitate regional systolic performance in the man- 
ner described in this investigation, replotting of their 
instantaneous subendocardial segment Aength and 
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left ventricular pressure data from a single experi- 
ment reveals that at coronary perfusion pressures of 
less than 55 mm Hg, subendocardial segment func- 
tion decreased markedly. These data suggest that the 
same critical levels of coronary perfusion pressure 
found in our study for epicardial segment function 
are applicable to subendocardial segmental function. 
High oxygen concentrations and regional myo- 
cardial ischemic function: Our study demonstrates 
that administration of high oxygen concentrations 
has little effect on regional ischemic myocardial func- 
tion. Although oxygen administration increases arte- 
rial oxygen tension from 100 to 300 mm Hg, oxygen 
delivery is not increased much because almost com- 
plete saturation of hemoglobin normally occurs at an 
oxygen tension of 100 mm Hg. It is possible that the 
gradient for oxygen transfer is improved by high lev- 
els of arterial oxygen tension. However, at the lowest 
levels of coronary perfusion pressure, mean segment 
function was significantly lower (P «0.02) in the ex- 
periments with 95 percent oxygen saturation, and 
retrograde flow was most often observed in the ex- 
periments with 21 percent oxygen saturation. At the 
lowest levels of coronary perfusion pressure, the 
mean loop area was approximately zero for the exper- 
iments with 21 percent oxygen, indicating that no ef- 
fective work was produced in the ischemic region; in 
the experiments with 95 percent oxygen saturation 
the mean loop area was approximately —35 percent 
of the control value, indicating a dissipation of ener- 
gy into the dyskinetic ischemic segment. Although 
these observations may have been the result of indi- 
vidual variations in collateral circulation, it is also 
possible that 95 percent oxygen concentrations may 
reduce flow through collateral vessels to the ischemic 
region and thus reduce contraction in these regions. 
Applications to clinical coronary artery dis- 
ease: The following example demonstrates the clini- 
cal usefulness of the combined data from this study 
and another study performed in this laboratory.!" 
The critical levels of regional coronary perfusion 
pressure and flow, 50 to 65 mm Hg and 25 to 55 ml/ 
min per 100 g, respectively, are analogous to the criti- 
cal pressure and flow levels distal to a coronary ste- 
nosis in a patient with coronary artery disease. If the 
size of the stenosis is known, the aortic diastolic pres- 
sure necessary to maintain regional myocardial func- 
tion can be calculated as schematically illustrated in 
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Figure 7. The decrease in pressure across stenotic 
fresh postmortem human coronary arteries was mea-  — 
sured at various flow rates and perfusion pressures.!" - 
Two hemodynamically significant stenoses, 75 and 90 - 
percent, are represented. The coronary flow and . 
pressure distal to both stenoses were identical, that | 
is, in the range of the minimal pressure and flow nec- — 
essary to maintain regional myocardial function, as - 
determined in this study (coronary perfusion pres- — 
sure = 55 mm Hg and coronary blood flow = 40 ml/ 
min for 100 g of perfused tissue). At a coronary blood - 


flow rate of 40 ml/min, the measured reductions in 
pressure across the two stenoses were found to be 4.3 


mm Hg for the 75 percent stenosis and 43 mm Hg for - 
the 90 percent stenosis. Thus, to maintain coronary - 
perfusion pressure at 55 mm Hg distal to a 75 percent — 
stenosis, an aortic diastolic pressure of 59.3 mm Hg - 
would be required whereas, if a 90 percent stenosis — 
were present, the required aortic diastolic pressure - 
would be 98 mm Hg. In the latter situation, mainte- — 
nance of aortic pressure at high levels would be criti- — 
cal for maintenance of useful function in myocardium : 


beyond the coronary stenosis. 


The missing links in the clinical application of this — 
knowledge are the capabilities for determining the - 
precise degree of coronary stenosis and the mass of - 
myocardium perfused by the affected vessel. Once 
these capabilities are obtained, determination of the - 


critical level of aortic diastolic pressure necessary to 


maintain regional myocardial function will be possi- 


ble in patients with coronary disease. This will be an 


important step in the clinical management of such - 
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patients, especially since the use of agents that de- - 


crease arterial blood pressure is becoming more wide- - 


spread. 


From these data, therefore, two hypotheses may be © 


proposed for the relation between regional blood 


flow, pressure and function in clinical coronary artery 
disease. First, the magnitude of deterioration in re- - 
gional function that accompanies a reduction in re- - 
gional blood supply is probably curvilinear in nature; | 


only a small decrease in function occurs until a criti- 


cal flow level is reached, after which a substantial re- — 
duction in function accompanies a minimal reduction | 


in flow. Second, although the administration of oxy- 


gen may be justified in an attempt to reduce infarct - 
size, it may have little effect upon the relation be- — 


tween regional flow and function. 
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Two coordinates of left ventricular end-diastolic pressure (P) and vol- — 
ume (V) were provided by the infusion of angiotensin in 22 patients. — 
The slope (k) of the In P-V relation, coupled with knowledge of the op- 
erating (end-diastolic) pressure allows determination of end-diastolic 
volume compliance (dV/VdP). Estimates of end-diastolic compliance — 
from a single coordinate of pressure and volume compared well (r= 
0.90) with the two coordinate method, whereas values for specific 
compliance (AV/V, AP) appeared to be misleading in cases of idio- — 
pathic hypertrophic subaortic stenosis and congestive cardiomyopa- - 
thy. Since volume compliance is determined in part by the operating - 
pressure, compliance may be reduced in small, normal or enlarged — 
ventricles. * 
Left ventricular linear compliance was derived from volume compli- — 
ance and was normalized for left ventricular wall thickness. The prod- — 
uct of linear compliance and end-diastolic stress provides an index of — 
myocardial strain, termed “muscle fiber stretch," which may be relat- - 
ed to systolic performance and thus allow comparison of length-perfor- 
mance relations in ventricles with normal and abnormal compliance. 
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Meaningful interpretation of left ventricular end-diastolic pressure in — 
the analysis of ventricular function can be made only when the rela- - 
tion between filling pressure and end-diastolic volume is known. Sev- - 
eral investigators using different methods and assumptions have de- . 
termined diastolic pressure-volume relations in man and have esti- - 
mated diastolic compliance. These measurements have been utilized — 
to aid in interpreting standard ventricular function curves,’ gain. 
prognostic information,? investigate the increase in ventricular filling 1 
pressure observed during angina pectoris? and estimate relative sar- 
comere length at end-diastole in diseased ventricles.* In this study, - 
serial heterometric changes were produced (using infusion of angio- — 
tensin) to provide two coordinates of left ventricular end-diastolic - 
pressure and volume, and these two coordinates were plotted as the . 
natural logarithm of pressure (In P) vs. volume. The slope of this (In | 
P-V) relation and knowledge of the operating (end-diastolic) pressure 
allow estimation of left ventricular end-diastolic compliance, which in - 
turn may be related to (1) increased pulmonary venous pressure and - 
consequent dyspnea, or (2) abnormal utilization of the Starling mech- 
anism with consequent alterations in systolic performance, or (3) 
both. 


Methods 
Patients 


Hemodynamic studies were performed in 22 patients undergoing diag- 
nostic cardiac catheterization. Five patients, studied to evaluate a cardiac | 





Bs murmur or chest pain, had normal hemodynamic and angi- 
. ographic findings. Eight patients had coronary artery dis- 
. ease with angina pectoris and various degrees of left ven- 
_ tricular asynergy. Five patients with normal coronary arte- 
— riograms had the essential clinical and hemodynamic mani- 
i festations of congestive cardiomyopathy as described by 
_ Goodwin. A fourth group consisted of four patients with 
. marked left ventricular hypertrophy, two with severe val- 
.. vular aortic stenosis and two with the typical clinical, he- 
- modynamic and angiographic findings of idiopathic hyper- 
_ trophic subaortic stenosis. All 22 patients had normal sinus 
- rhythm and only 1 (Case 21) had mild mitral regurgitation. 


" Hemodynamic Studies 


d . All patients underwent cardiac catheterization in the 
. fasting state after premedication with diazepam, 10 mg in- 
_ tramuscularly. Pressures were measured with no. 8F cathe- 
_ ters connected to Statham P23Db pressure transducers 
_ from a zero reference point at mid-chest level. An Electron- 
- ies for Medicine photographic recorder was utilized. The 
- left ventricular end-diastolic pressure was taken as the 
_ junction of the downslope of the A wave with the upstroke 
- of the ventricular pressure wave; the end-diastolic and end- 
- systolic volumes were determined using single plane cine- 
- angiography and the area-length method. Wall thickness 
. was determined as the average thickness of the middle 
_ third of the left ventricular free wall as visualized cinean- 
. giographically (right anterior oblique projection). The sys- 
- tolic ejection fraction was derived as the angiographic 
- stroke volume divided by the end-diastolic volume. Ven- 
_ tricular premature contractions and the beats following the 
_ premature beats were excluded from analysis. All cinean- 
- giographic measurements were corrected for magnification 
. and all volumes expressed in cubic centimeters per square 
.. meter of body surface area. 

_ In each case, resting hemodynamic measurements and a 
' left ventricular cineangiogram (right anterior oblique pro- 
; jection) were obtained before infusion of angiotensin. Angi- 
- otensin was infused (0.5 mg/250 cc of 5 percent dextrose in 
- water) at a rate sufficient to produce a distinct pressor re- 
- sponse and an increase in end-diastolic pressure. Five to 6 
_ minutes after achievement of a steady state, left ventricu- 
_ lar pressure was measured and a second ventriculogram 
- was obtained and analyzed in the manner outlined. No pa- 
- tient complained of angina or dyspnea during angiotensin 
.. infusion. 


; Diastolic Properties of Left Ventricle 


The diastolic properties of the left ventricle were evalu- 
. ated by a method similar to that employed in animals by 
. McCullagh et al."; in their studies, several coordinates of 
. end-diastolic pressure and end-diastolic dimension were 
| obtained over a range of end-diastolic pressures produced 
- by volume expansion or controlled hemorrhage. Pressures 
e were plotted against dimensions and the pressure-dimen- 
— sion relation was defined by employing a linear analysis of 
- the data. 
~ In this study, two coordinates of left ventricular end-dia- 
- stolic pressure (P) and volume (V) were obtained (control 
. period and angiotensin infusion) and, assuming an expo- 
 mential relation between end-diastolic pressure and vol- 
. ume, a modulus or coefficient of volume compliance was 
. derived as the slope (k’) of the In P-V relation (In P = natu- 
- ral logarithm of the end-diastolic pressure). The slope (k’) 
—. was calculated as: 


k'-- (n Pa — I Pe)/(Ya — Vc).. (1) 
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where Pa and Va = end-diastolic pressure (mm Hg) and 
end-diastolic volume (cc/m?) during infusion of angioten- 
sin, and Pc and Vc = end-diastolic pressure (mm Hg) and 
end-diastolic volume (cc/m?) during the control period. Ad- 
ditionally, the pressure intercept (b/) at zero volume was 
obtained in every case by linear extrapolation of a line join- 
ing the two coordinates of In P and V. Although extensive 
data in man are lacking, isolated cardiac muscle length- 
tension relations? and canine pressure-volume relations? 
are easily fit by an exponential function, and thus we elect- 
ed to analyze our data on the basis of exponential relation 
between pressure and volume at end-diastole. Preliminary 
studies in our laboratory suggest that although dynamic 
components of the in vivo human diastolic pressure-volume 
relation produce minimal deviations from the elastic (expo- 
nential) curve, pressure and volume can be fit by an expo- 
nential function.!? Visual inspection of these curves, in 
fact, suggests that the data are better fit by a curvilinear 
than by a linear equation. 

An index of end-diastolic volume distensibility (dV/ 
dP), defined as the inverse slope of a tangent to the pres- 
sure-volume curve at end-diastole, may be calculated as: 


(dV/dP)gg, = l/k'P (2) 


and end-diastolic volume compliance, likewise may be cal- 
culated as (dV/dP)ed’ normalized for end-diastolic volume: 


(dV/VdP) aq’ = l/k'P -1/V (3) 


where P = control end-diastolic pressure, V = control end- 
diastolic volume and k’ = the slope of the In P-V relation as 
defined in equation 1. 

A similar, but simplified, method of evaluating left ven- 
tricular diastolic volume compliance was also employed. 
This method, which utilizes a single coordinate of end-dia- 
stolic pressure and volume and a constant pressure inter- 
cept (b) of 0.43 mm Hg, assumes that the end-diastolic 
pressure-volume relation can be represented as: 


P = be‘ (4) 


where e = the base of the natural logarithm. This equation 
can be rearranged and rewritten as: 


k = (InP — 1n 043)/V (5) 


Thus, left ventricular (dV/dP)ed and (dV/VdP)ed may be 
calculated as 1/kP and l/kP-1/V, respectively. Note that k 
(equation 5) is derived from a single measured coordinate 
of pressure and volume, whereas k’ (equation 1) is derived 
from two measured coordinates of pressure and volume. 
The theory and derivations of these formulas have pre- 
viously been outlined in detail,*!! and the basic assump- 
tions have been utilized in clinical studies.9:12.13 

"Specific compliance" was determined by relating the 
total diastolic increase in volume to the diastolic increase in 
pressure, and the value was normalized by initial volume as 
described by Smith et al.!^ This method of estimating dia- 
stolic compliance describes an average relation between 
pressure and volume throughout diastole and is calculated 
as: 


SC = AV/AP:-1/Vj (6) 


where AV = average stroke volume (cc/m?), AP = the dif- 
ference between left ventricular end-diastolic pressure and 
the lowest pressure recorded in early diastole (mm Hg) and 
Vi — end-systolic volume (cc/m?). The units of specific 
compliance (1/mm Hg) are the same as the units of (dV/ 
VdP)ed. | 
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Left ventricular end-diastolic stress and peak systolic 
stress were estimated utilizing a method previously de- 
scribed in detail. The basic calculations were made using 
the formula of Sandler and Dodge!*; the stresses derived 
represent mean circumferential wall stresses and are ex- 
pressed in 10? dynes cm?. Peak developed systolic stress 
was determined as the peak systolic stress minus end-dia- 
stolic stress. A work index of the ventricle was provided by 
the product of peak developed stress and stroke index and 
is expressed in units of 105 dyne/cm. 

Determinants of left ventricular end-diastolic fiber 
strain include not only the force acting to lengthen the 
fiber (end-diastolic stress), but also the passive resistance 
to stretch (parallel elasticity or linear compliance). Thus an 
index of end-diastolic fiber strain is provided by the prod- 
uct of end-diastolic stress and end-diastolic compliance.‘ 
End-diastolic volume compliance (equation 3) was ob- 
tained from volume data, and an estimate of linear muscle 
compliance, corrected for wall thickness (h), was derived 
as: 


Linear compliance (cm/mm Hg) = 1/3:dV/VdP-h 


(7) 


This estimate is made assuming a spherical left ventricle 
and results in an under-estimation of linear compliance 
(which is of greater magnitude in idiopathic hypertrophic 
subaortic stenosis than in congestive cardiomyopathy). 
More precise determination of linear compliance at the 
minor axis (b) of the ventricle would be provided by the ap- 
proach of Battle et al.,!© which defines db/bdP using a pro- 
late spheroid as a model. Linear muscle fiber stretch 
(LMFS) is calculated as: 


LMFS 


where LVED = left ventricular end-diastolic. 

Muscle fiber stretch, an index of muscle strain, is ex- 
pressed in arbitrary units, and results are expressed as av- 
erages + 1 standard error of the mean. 


= Linear compliance: LVED stress (8) 


Results 


Left ventricular end-diastolic pressure-volume 
relations: Hemodynamic and angiographic data on 
all 22 patients are presented in Table I. During the 
control period, the average left ventricular end-dia- 
stolic volume of the patients with coronary artery 
disease (86 + 9 cc/m?) did not differ significantly 
from the average for the normal group (75 + 8 cc/m?). 
The patients with cardiomyopathy had an average 
end-diastolic volume (101 + 13 cc/m?) that was sig- 
nificantly greater (P = 0.05) than normal. Although 
the average end-diastolic volume in the group with 
hypertrophy (55 + 11 cc/m?) was less than normal, 
the difference did not achieve statistical significance. 

The average end-diastolic pressure during the con- 
trol period of the group with coronary artery disease 
(14.9 + 1.8 mm Hg) was greater (P «0.02) than the 
average of the normal group (8.2 + 1.2 mm Hg). The 
average end-diastolic pressure of the group with hy- 
pertrophy (15 + 2.5 mm Hg) was significantly greater 
(P «0.05) than normal, whereas the average of the 
group with cardiomyopathy (10.7 + 2.6 mm Hg) did 
not differ significantly from normal. The low level of 
filling pressures in these patients with cardiomyopa- 
thy was undoubtedly secondary to the aggressive use 
of potent parenterally administered diuretic agents; 
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FIGURE 1. Left ventricular end-diastolic pressure-volume (P-V) rela- - 
tions in 22 patients. A, the average end-diastolic P-V coordinates — 
(control period and angiotensin infusion) are plotted for each of the - 
four groups. The slope (k’) of the In P-V relation and the pressure in- - 
tercept (b’) were determined from the two coordinates of P and V. - 
B, the average end-diastolic P-V coordinates (control) are plotted; 
the slope (k) of the In P-V relation was determined from a constant - 
pressure intercept (b) of 0.43 mm Hg (animal data). CAD = coronary | 
artery disease; CC = congestive cardiomyopathy; LVH = left varn ; 
tricular hypertrophy. . 


all of these patients had previously presented to d 
hospital with pulmonary congestion and dyspnea. 

After infusion of angiotensin, as described under 
Methods, a second coordinate of end-diastolic pres- 
sure and volume was obtained. The slope (k’) of the 
In P-V relation obtained from two end-diastolic pres- 
sure-volume coordinates (control period and after an- 
giotensin infusion) was calculated for each patient 
(Table I), and the average k’ for each group is repre- 
sented graphically in Figure 1A by a line connecting 
the two coordinates. In the group with hypertrophy 
the In P-V relation is to the left and k’ is greater than 
normal; in the group with cardiomyopathy, the In 
P-V relation is to the right and k' is less than normal. 
Although the average end-diastolic pressure of the. 
group with coronary artery disease is significantly 
greater (P «0.02) and the average end-diastolic vol- 
ume is only slightly greater (P = not significant) than 
normal, the In P-V slopes for these two groups are. 
similar. 

A pressure intercept (b') at zero volume was ob- 
tained for each patient from the two coordinates of 
end-diastolic pressure and volume. The mean value 
of b’ for the groups with hypertrophy, coronary ar- 
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TABLE II 
. Ventricular Function Data 
Work Index 
Case EDS PDS (PDS x SV) 
no.  (10?dynes/cm?) LMFS (10?dynes/cm?) (105dyne-cm) 
c9. y Spoleto Paga veh tag LA eee a es 
Normal Heart 
l 32 29 352 144 
2 17 37 355 114 
3 43 34 351 193 
4 16 43 314 129 
5 28 42 319 150 
Congestive Cardiomyopathy 
14 19 45 328 101 
15 30 42 398 107 
16 25 45 296 77 
17 43 40 332 90 
18 63 29 380 103 
Idiopathic Hypertrophic Subaortic Stenosis 
21 28 22 239 93 
22 24 23 166 58 
EDS = end-diastolic stress; LMFS = linear muscle fiber 


stretch (see Methods); PDS = peak developed stress; SV 
= stroke volume. 


tery disease, normal findings and cardiomyopathy 
was 0.83 + 0.28, 0.64 + 0.14, 0.48 + 0.13, and 0.47 + 
0.12 mm Hg, respectively. The range for the entire 
group of 22 patients (0.14 to 1.49 mm Hg) was wide. 
Although the average b’ value tended to be higher in 
patients with a high k value and lower in patients 
with a low k value, the differences (in b’) between 
these groups were nonsignificant at the 0.05 level. 

A value for the slope (k) of the In P-V relation was 
calculated for each patient utilizing a single coordi- 
nate of end-diastolic pressure and volume (control) 
and a constant pressure intercept (b) of 0.43 mm Hg 
(Table I). The average value for k for each group is 
presented graphically in Figure 1B by a line between 
the average end-diastolic coordinate of pressure and 
volume, and b = 0.43 mm Hg. Again, the In P-V rela- 
tion is to the left in the group with hypertrophy, to 
the right in the group with cardiomyopathy and simi- 
lar to normal in the group with coronary artery dis- 
ease. When the slope was calculated from two coordi- 
nates, the result was similar to that obtained from a 
single coordinate of end-diastolic pressure and vol- 
ume (see Fig. 1). 

Left ventricular end-diastolic compliance: 
Since the values for the slope of the In P-V relation 
were similar by the single and double coordinate 
methods, it follows that estimates of enu-diastolic 
compliance would likewise be little changed if the 
simplified (single pressure-volume coordinate) meth- 
od of obtaining (dV/VdP)ed were used in place of the 
multiple coordinate approach. In fact, the correlation 
between (dV/VdP)ed and (dV/VdP)ed’ was excellent 
(r = 0.90). For this reason, end-diastolic compliance 
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SPECIFIC COMPLIANCE* AV/AP- LIVI ex. [^ 
FIGURE 2. Relation of “specific compliance" to end-diastolic com- - 
pliance [(dV/VdP)ed] and systolic ejection fraction. A, although. 
there is agreement between (dV/VdP)ed and specific compliance in - 
normal patients and those with coronary artery disease, discrepan- 
cies exist when patients with congestive cardiomyopathy and left 
ventricular hypertrophy are considered. B, specific compliance cor- - 


relates well (r = 0.90) with the systolic ejection fraction. ee 
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SLOPE (k) OF THE In P-V RELATION 


FIGURE 3. Slope (k) of the In P-V relation and volume compliance at 
end-diastole in 55 patients. In congestive cardiomyopathy, the value 
for k is low but (dV/VdP)ed may be normal or depressed. In ventricu- - 
lar hypertrophy, k is high or normal but (dV/VdP)ed is generally re- 
duced. In coronary artery disease, k varies widely, but (dV/VdP)ed 
tends to be depressed. The range of normal is outlined by the bro- 
ken line. AS = aortic stenosis; IHSS = idiopathic hypertrophic’ 
subaortic stenosis. " 


and derived parameters are calculated and reported 
using the single coordinate method (Tables I and II, 
Fig. 2 to 4). This approach allows comparison among 
the average values for groups, but may be of limited. 
value in the examination of individual patients. — 

The average end-diastolic compliance [(dV/ 
VdP)ed] of the group with coronary artery disease 
(2.3 + 0.4 X 107? mm Hg~!) was less (P <0.05) than 
normal (4.9 + 1.1 X 107? mm Hg-!). The value for 
this normal group is similar to that of a different 
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PN e FIGURE 4. Left ventricular function curves. A 
B 20 Ne e conventional plot (above) of left ventricular 
m IHSSA stroke work against end-diastolic pressure 
d cC O es * 9 suggests that systolic performance in idiopathic 
us 9. tHe 96. hypertrophic subaortic stenosis is achieved 
UE e O a through increased end-diastolic fiber length; al- 
9 or A 4 e°’ though performance is depressed in congestive 
cs 10 0 eo 9 0 cardiomyopathy, end-diastolic pressure varies 
"e, 4 ey widely. In contrast, when “linear muscle fiber 
2 - * 0 9 stretch" is plotted against the product of peak 
E AA 8? developed systolic stress and stroke index 
cxt å A (below), it appears that both systolic perfor- 
S a mance and fiber stretch are reduced in idiopath- 
te ò ic hypertrophic subaortic stenosis; in congestive 
& = 3 M cardiomyopathy, systolic performance is re- 
s duced but fiber stretch is slightly greater than 
LINEAR MUSCLE FIBER STRETCH normal. 


I 4 
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group of normal subjects previously described.* Com- 
pliance at end-diastole was less than normal (P 
<0.05) in the group with hypertrophy (2.2 + 0.5 X 
10-2 mm Hg 1). Although the average end-diastolic 
compliance in the group with cardiomyopathy (3.9 + 
0.9 X 107? mm Hg^!) was lower than normal, the dif- 
ference was nonsignificant at the 0.05 level. 

_ Specific compliance (AV/AP-1/V;): The average 
value for left ventricular specific compliance in the 
group with coronary artery disease (6 + 1.4 X 107? 
mm Hg™') was significantly lower (P <0.001) than 
the average value for the normal group (23 + 3.3 X 
107? mm Hg-!). Specific compliance in the group 
with cardiomyopathy (5.6 + 1.5 X 107? mm Hg-!) 
was likewise significantly less (P «0.01) than normal, 
whereas the average value for the group with hyper- 
trophy (29.5 + 8.9) did not differ significantly from 
normal. The lowest values for specific compliance 
were obtained in patients with the hemodynamic 
findings of congestive cardiomyopathy and the high- 
est values in patients with idiopathic hypertrophic 
subaortic stenosis. In Figure 2A (dV/VdP)ed is plot- 
ted against specific compliance. The value for specif- 
ic compliance is very high and that for (dV/VdP)ed is 


low in patients with idiopathic hypertrophic subaor- 
tic stenosis, whereas patients with congestive cardio- 
myopathy have low values for specific compliance 
and low to normal values for (dV/VdP)ed. Thus, a 
positive correlation exists between these two meth- 
ods of estimating diastolic compliance in normal 
subjects and those with coronary artery disease, but a 
lack of correlation is seen when patients with conges- 
tive cardiomyopathy and idiopathic hypertrophic 
subaortic stenosis are considered. 

In Figure 2B, specific compliance is plotted against 
the systolic ejection fraction. A high correlation (r = 
0.90) exists between these two variables; patients 
with cardiomyopathy had the lowest values for spe- 
cific compliance and ejection fraction, whereas pa- 
tients with idiopathic hypertrophic subaortic stenosis 
had the highest values for specific compliance and 
exhibited extreme degrees of systolic emptying. In 
contrast, there was no direct relation between (dV/ 
VdP)ed and ejection fraction in any of the four 
groups studied. 

Left ventricular function curves: To assess the 
active length-tension relations of these hearts, a work 
index (peak developed systolic stress X stroke vol- 
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dence that the pressure intercept (b) varies little in 
the presence of reduced diastolic compliance (as in- 
experimental myocardial infarction) has previously 


ume index) of the left ventricle was plotted against 
= end-diastolic linear muscle fiber stretch. The work 
index gives a ventricle credit for both force genera- 


tion and fiber shortening, whereas fiber stretch is de- 
rived from end-diastolic stress and linear compliance 
corrected for wall thickness. This analysis was made 
for the patients in our study with a normal left ven- 
tricle, idiopathic hypertrophic subaortic stenosis or 
congestive cardiomyopathy (Table II); data from 
three groups of similar patients, previously de- 
scribed, are combined with those from patients re- 
ported herein and left ventricular function curves are 
constructed in Figure 4. This analysis suggests that 


been reported,4!9 and the pressure intercept has. 
been found to be similar in patients with a normal. 
left ventricle and in those with aortic stenosis.*?? By 
contrast, when changes in b were measured by Barry. 
et al? during pacing-induced angina pectoris, the 
value for b increased from an average of 1.05 mm Hg 
during the control period to an average of 2.25 mm. 
Hg during angina. The range of b in our study was. 
0.14 to 1.49 mm Hg and, although the average b value 
for the group with cardiomyopathy was lower than. 


end-diastolic fiber stretch is reduced in idiopathic 
hypertrophic subaortic stenosis (average fiber stretch 
was 28 percent less than the average for the normal 
group), and that the reduced systolic performance 
seen in this group. may be in part related to ineffi- 
cient utilization of the Starling mechanism. De- 
pressed systolic performance is apparent in the group 
with congestive cardiomyopathy; in this group, end- 
diastolic fiber stretch is slightly greater than normal 


the average for the group with hypertrophy, there. 
was no consistent difference between patients with a 
large dilated heart and those with a small hypertro-. 
phic heart. Methodologic differences may be some- 
what responsible for the variation in results, but 
acute changes in the diastolic properties of the left 
ventricle during angina must be considerably differ- 
ent from those observed during the chronic develop- 
ment of hypertrophy, dilation or scar formation. 


(average fiber stretch was 8 percent greater than the 
average for the normal group). Conventional ventric- 
ular function curves (stroke work vs. end-diastolic 
pressure) are shown for comparison. 


Discussion 


Because several indexes have been used to define 
the diastolic properties of the left ventricle in man, it 
is important to define carefully the methods and as- 
sumptions in any clinical evaluation of ventricular 
compliance.!" First, it should be reemphasized that 
the left ventricular diastolic stress-strain relation is 
nonlinear and that the exponential nature of the dia- 
stolic pressure-volume relation results in progressive 
reduction of end-diastolic compliance as the filling 
pressure increases. Thus, the level of end-diastolic 
compliance is abnormally low in any ventricle that is 
filled sufficiently. Second, the assumption regarding 
an exponential pressure-volume relation is made in 
this study only for end-diastolic pressure and volume 
and no attempt has been made to fit a simple expo- 
nential to data obtained throughout diastole. Re- 
stricting the analysis to end-diastole attenuates the 
effects of incomplete ventricular relaxation, which 
may be a major determinant of the diastolic pressure- 
volume relation especially in early diastole.!? Impor- 
tantly, since the Starling mechanism is adjusted at 
end-diastole, end-diastolic compliance (or resistance 
to stretch) becomes a critical determinant of end-dia- 
stolic fiber stretch and, thus, of systolic performance. 


Diastolic Pressure-Volume Relations and Compliance 


Pressure-volume relations: In this study the av- 
erage slope (k’) of the In P-V relation determined 
from two end-diastolic pressure-volume coordinates 
was similar to the average slope (k) determined from 
a single coordinate of end-diastolic pressure and vol- 
ume and a pressure intercept (b) of 0.43 mm Hg. Evi- 


Since the average k values (and the average b values): 
for each group were similar by the single and double. 
coordinate methods, we elected to utilize the simpli- 
fied single coordinate approach to describe end-dia- 
stolic compliance and derived functions (linear com- 
pliance and muscle fiber stretch). In this study simi- 
larities and differences among groups are empha- 
sized, but since k (and b) variability exist within 
groups, the single coordinate analysis may have limi- 
tations in the examination of individual patients. Ac- 
curate definition of diastolic pressure-volume or 
stress-strain relations await methods that employ 
frequent sampling of simultaneously measured pres- 
sure and volume.!? | 

End-diastolic compliance: In agreement with 
previous reports, 514?! end-diastolic compliance was. 
found to be reduced in patients with left ventricular 
hypertrophy and in some with coronary artery dis- 
ease. Since end-diastolic compliance may be reduced. 
in ventricles that are smaller than normal (idiopathic 
hypertrophic subaortic stenosis), have a normal end- 
diastolic volume (coronary artery disease) or are larg- 
er than normal (congestive cardiomyopathy), it is 
proper to consider both k and (dV/VdP)ed in assess- 
ing the diastolic properties of diseased ventricles. 
The k value describes the overall relation between 
end-diastolic pressure and volume, whereas (dV/ 
dP)ed and (dV/VdP)ed are determined by the oper- 
ating pressure. Thus, a ventricle with a given value 
for k might be more or less compliant at end-diastole 
depending on the operating end-diastolic pressure. 
For these reasons, diuretic agents may reduce the op- 
erating pressure and thus increase end-diastolic dis- 
tensibility or compliance, but k should not be af- 
fected. Likewise, a positive inotropic intervention, al- 
though not affecting the basic passive elastic proper- 
ties of the muscle (no effect on k), could improve the 
systolic ejection fraction and thus reduce heart size; 
accordingly, end-diastolic compliance would increase. 
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_In Figure 3, the relation between k and (dV/VdP)ed 
is illustrated for a total of 55 patients (the 22 patients 
_in this study and 33 previously reported on?). In con- 
 gestive cardiomyopathy, the value for k is low and 
. (dV/VdP)ed ranges from low to normal; in hypertro- 
_ phy, k is high or normal and (dV/VdP)ed is reduced; 
in coronary artery disease, k varies widely and (dV/ 
- VdP)ed is low. This analysis allows characterization 
- of relative differences in pressure-volume relations as 
well as definition of compliance at end-diastole in 
_ ventricles with various types of disease. 
—. Specific compliance: Some have attempted to de- 
fine the diastolic pressure-volume relation and dia- 
_stolic compliance by relating the total increase in dia- 
stolic volume (AV) to the increase in pressure that 
occurs throughout diastole (AP). Smith et al.214 have 
calculated AV/AP and have normalized this value for 
initial volume. Specific compliance (AV/AP-1/V;) was 
- calculated for each patient in our study and, although 
there was agreement between specific compliance 
‚and end-diastolic compliance [(dV/VdP)ed] in the 
normal subjects and those with coronary artery dis- 
| eases, certain important discrepancies occurred when 
patients with congestive cardiomyopathy and idio- 
‘pathic hypertrophic subaortic stenosis were consid- 
ered (Fig. 2A). In idiopathic hypertrophic subaortic 
“stenosis, the value for specific compliance was very 
high whereas that for end-diastolic compliance was 
very low; in cardiomyopathy, the value for specific 
compliance was low whereas that for end-diastolic 
compliance ranged from low to normal. The high 
values for specific compliance in idiopathic hypertro- 
phic subaortic stenosis and reduced values in conges- 
tive cardiomyopathy parallel the values for systolic 
ejection fraction (Fig. 2B) and are at variance with 
general concepts of ventricular compliance in these 
two forms of heart disease. The good correlation be- 
tween specific compliance and ejection fraction does 
not imply a causal relation between these two vari- 
ables, but suggests that the former should be inter- 
preted with caution in appraising certain clinical 
problems. For example, values for specific compli- 
ance have been found to be of some prognostic value 
in acute myocardial infarction,” but it is possible that 
this finding may be, in part, a reflection of the ejec- 
tion fraction. 


Left Ventricular Function Curves 


. An assessment of left ventricular active length-ten- 
sion relations is provided by plotting the product of 
peak developed systolic stress and stroke volume 
(work index) against end-diastolic linear muscle fiber 
stretch (strain index). The concept of end-diastolic 
muscle fiber stretch is especially important because 
the ultrastructural basis of the Starling mechanism is 
not the absolute length of a muscle fiber but the de- 
gree to which the fiber is stretched. The work index 
utilized in this type of ventricular function curve 
credits the ventricle both for the development of 
force (stress) and for myocardial shortening. Figure 4 
demonstrates that the normal ventricles and those 


with idiopathic hypertrophic subaortic stenosis de- 
fine a work-length curve in which the patients differ 
in the degree of heterometric recruitment to deter- 
mine systolic performance. In spite of normal pre- 
load, hearts with idiopathic hypertrophic subaortic 
stenosis recruit subnormal end-diastolic fiber stretch 
(and perform subnormally), which suggests that re- 
duced compliance prevents efficient utilization of the 
Starling mechanism. Those with congestive cardio- 
myopathy operate on a depressed ventricular func- 
tion curve with fiber stretch that is only slightly 
greater than normal. 

Linear muscle fiber stretch: Despite markedly 
increased preload (end-diastolic stress), the average 
linear muscle fiber stretch in patients with congestive 
cardiomyopathy was only 8 percent greater than the 
average for the normal group. These data are consis- 
tent with the observations of Ross et al.,?? who stud- 
ied the effects of chronic dilatation on left ventricular 
end-diastolic sarcomere lengths; the average sarco- 
mere length in these large dilated hearts was only 5 
percent greater than normal. In contrast, the average 
muscle fiber stretch in idiopathic hypertrophic 
subaortic stenosis was 28 percent less than normal, in 
spite of normal preload. Sarcomere lengths are ex- 
tremely variable in idiopathic hypertrophic subaortic 
stenosis, with both overstretched and short sarco- 
meres present within a given cell; large groups of sar- 
comeres measure less than 1.5 4.23 Decreased sarco- 
mere lengths have also been demonstrated in right 
ventricular hypertrophy secondary to pulmonary ar- 
terial banding.?* If the average end-diastolic sarco- 
mere length in idiopathic hypertrophic subaortic 
stenosis is less than normal, then reduced systolic per- 
formance (Fig. 4) may be explained at least in part on 
this basis. 


Clinical Implications 


Many forms of heart disease produce symptoms 
more as a result of abnormal left ventricular diastolic 
compliance than of depressed contractility or re- 
duced systolic performance. The most common 
symptom of idiopathic hypertrophic subaortic steno- 
sis is said to be dyspnea,?? whereas evidence for re- 
duced systolic pump function is meager. Some pa- 
tients with coronary artery disease may be restricted 
by symptoms of pulmonary congestion secondary to 
the “paradox of the stiff heart." ?6 Symptoms in 
chronic constrictive pericarditis may be more related 
to abnormal ventricular compliance than to reduced 
cardiac contractility.?” In contrast to these examples 
of fixed reduction in left ventricular compliance, 
transient abnormalities of volume compliance have 
been observed to occur during angina pectoris.*:28 
The importance of right ventricular distensibility as 
a determinant of the degree of intracardiac shunting 
in atrial septal defect is well known. The pattern of 
flow from the right ventricle to the pulmonary artery 
during ventricular diastole has been described in car- 
cinoid heart disease and is said to be due to the com- 
bined effects of increased right atrial pressure, de- 


creased right ventricular compliance and normal pul- 
monary arterial pressure.?? The mechanisms and po- 
tential reversibility of these and other abnormalities 
of left ventricular compliance require further study. 
Although passive volume compliance of the left ven- 
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. Hemodynamic Effect of Dobutamine in Patients with 


Dobutamine, a derivative of dopamine, was infused at a rate of 10 
Ag/kg per min in 15 patients with severe congestive heart failure. Car- 
diac output increased from an average of 3.1 to 5.6 liters/min (P 
<0.001) with no change in mean arterial pressure (93.3 to 98.2 mm 
Hg) and only a slight increase in heart rate (98.5 to 105.2 beats/min) 
(P «0.02). Pulmonary wedge pressure was decreased from an aver- 
age of 27.4 to 21.1 mm Hg (P <0.001). In seven patients a dose of 5 
g/kg per min also produced a significant increase in cardiac output 
but the effect was less than with the 10 Ag/kg per min dose. No side 
effects were observed during the infusion. Dobutamine therefore is a 
potent inotropic drug with limited chronotropic and peripheral vascular 
effects and deserves therapeutic trial in the short-term management of 
low output heart failure. 


Although sympathomimetic amines are the most potent known 
agents for augmenting myocardial contractility, their clinical applica- 
tion for this purpose has been limited because of their chronotropic 
and peripheral vascular actions. Isoproterenol, for example, induces a 
marked increase in cardiac output but at the expense of a decrease in 
arterial diastolic pressure, tachycardia and increased myocardial irri- 
tability.'-? Norepinephrine, on the other hand, produces systemic va- 
soconstriction, which increases diastolic arterial pressure and thus 
may limit the increase in cardiac output and result in a reduction of 
regional perfusion.^ 5 Dopamine has been introduced as a sympatho- 
mimetic inotropic agent with less chronotropic and vasoconstrictive 
effect^5; however, it has considerable vasoconstrictive properties in 
large doses, the cardiac output response is variable and arrhythmias 
have been reported.?-!! 

A derivative of dopamine, dobutamine ({+] -4-[2-] [3-(p-hydrox- 
phenyl)-1-methyl propyl] amino] ethyl] pyrocatechol hydrochloride), 
has recently been synthesized by Tuttle and Mills!? and has been 
demonstrated in early animal studies to have a relatively selective in- 
otropic effect. In this study we examined the acute hemodynamic 
response to dobutamine in patients with severe left ventricular fail- 
ure. Our results indicate that this drug has potent cardiac stimulating 
properties with little effect on heart rate or blood pressure and there- 
fore may prove to be a useful agent for the management of severe 
heart failure. 


Methods 


Studies were performed in 15 patients with severe chronic class III or class 
IV (New York Heart Association criteria) heart failure (primary myocardial, 
rheumatic or ischemic heart disease). Pertinent clinical data are summarized 
in Table I. All patients were male; their ages ranged from 39 to 76 (average 
51) years. All were receiving maintenance doses of digitalis and had been 
treated with diuretic agents. The digitalis and diuretic agents were withheld 
for 24 hours before the study. 
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TABLE | | b. 
-Hemodynamic Effects of Dobutamine (10 „g/kg per min) in 15 Patients with Heart Failure | D 2 
AUR ; t b den NM AS a Pe a ete Emu I lY v — i —À—Ó Y 
. Caseno. Age(yr) BSA Diagnosis State MAP HR PAP PCW CO SVR - PB E 
1 48 1.86 CM C 98 90 26 20 2.8 2800 229 v d 
D 88 100 20 16 5.6 1257 Sf TNI 
2 45 1.52 CM C 120 110 — i 3.5 2743 — ay 
D i tA 110 = = 6.1 1574 2054 m 
3 41 1.84 CM C 104 110 Dee v 3.5 2377 ES 
D 114 110 — — 5.2 1753 EE 
4 50er 1.28 — “RED ^ -6 70 96 17 12 2.9 1931 138 . 
D 80 108 15 10 3.8 1684 105: 
5 61 1.94 CM Qt. 80 90 25 18 3.3 1939 190 5X 
D 90 96 19 13 4.7 1532 102 
6 44 1.86 IHD C 85 84 35 28 4.5 1511 124. 
D 85 90 35 25 5:5 1236 145 
7 46 218 CM C 92 120 46 34 1.9 2918 497 
D 84 120 31 18 5.6 943 186. S 
8 48 1.59 CM C 84 100 43 34 24 2430 308: X4 
D 93 96 38 28 4.1 1662 196 9 
9 49 1.80 CM 6X1? 120 43 34 4.0 1836 179 00 
D: 7114 120 40 28 4.6 1669 207.028 
10 50 (1.80. s HD. € 90 90 38 € 3D 4.5 1372 142 ^ 8 
D 100 120 25 14 7.8 923 108  . 
11 39.0.2222... CM Q 88 94 40 22 3.1 2837 464. a 
D. f 27 94 34 14 4.7 1923 339 ^74 
12 76. — 1:80. SHAD C. 104 120 53 34 2.0 3390 197 sh ae 
D 94 124 39 26 3.4 1929 305.; 228 
13 63 1.64 CM C 82 88 1.6 e Sic M 
D 86 92 v 5.8 gi M s 
14 49515210. VOM C 81 75 36 29 3.1 1820 189. ^P 
Duft 87 38 27 8.7 966 jo ae 
15 6877. 5:33 ^ RAD inc 80 90 45 34 3.5 1826 251 a 
D 80 90 45 34 4.3 1488 204 28 
Average c 93.3 98.5 37.3 27.4 3.1 2237 281) Me 
(+ SE) +4.0 23 7. rE, +2.0 +0.2 £157 +60 E 
D 52:2. 105.2." 2356 21.1 5.6 1418 162.519 
+3.8 +3.3 +3.0 +2.1 +0.4 +112 125]. 
P NS « 0.02 «0.001 — «0.001 «0.001 «0.001 — 


T <2) 


———— 


BSA = body surface area (m?); C = control; CM = 


infusion; HR = heart rate (beats/min); IHD = ischemic heart disease; MAP = mean arterial pressure (mm Hg);.NS = not signifi- - 


cardiomyopathy; CO = cardiac output (liters/min); D = dobutamine | 


« 0.01 





cant; P = probability; PAP = mean pulmonary arterial pressure (mm Hg); PCW = pulmonary wedge pressure (mm Hg); PVR ES 


pulmonary vascular resistance (dynes sec cm *); RHD = rheumatic heart disease; SE = standard error; SVR = systemic vas- 


cular resistance (dynes sec cm '*). 


Right heart catheterization was performed using a Swan- 
Ganz flow-directed balloon-tipped catheter inserted percu- 
taneously by way of an antecubital vein. In 12 patients the 
pulmonary artery was successfully entered, but in 3 the 
catheter could not be advanced beyond the right atrium. 
The brachial artery was cannulated with a Teflon? needle. 
Arterial, pulmonary arterial and pulmonary capillary 
wedge (occluded) pressures were recorded using Statham 
P23 Db strain gauge transducers and a Hewlett-Packard 
recorder. Cardiac output in liters per minute was deter- 
mined by the indicator-dilution technique using indocya- 
nine green dye injected into the pulmonary artery and sam- 
pled from the brachial artery through a Gilford cuvette 
densitometer. Systemic vascular resistancé in dynes sec 
cm^? was calculated from the formula: (MAP — RAP) X 
80/CO, where MAP is the mean arterial pressure in mm 
Hg, RAP is the mean right atrial pressure in mm Hg and 
CO is the cardiac output in liters/min. Pulmonary vascular 
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resistance was calculated from the formula: (MPAP — - 
PCW) x 80/CO, where MPAP is the mean pulmonary arte- | 
rial pressure in mm Hg and PCW is the mean pulmonary - 
capillary wedge pressure in mm Hg. Stroke work in g-m - 
was calculated from the formula: (MAP — PCW) (SV) . 
(0.0136) where SV is the stroke volume in ml. Eu 
ob- . 


Et 
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After control hemodynamic measurements were 

tained dobutamine (200 mg in 500 ml of dextrose in water) — 
was administered intravenously as a continuous infusion at — 
a rate of 10 ug/kg per min. In seven patients dobutamine . 


was given at two dose levels, 5 and 10 ug/kg per min. He- s. 
modynamic measurements were repeated after at least 15 — 


minutes of constant infusion of the drug at each dose level. - 
Hemodynamic data at rest and during infusion of - 
10 ug/kg per min of dobutamine in the 15 patients | 
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_ FIGURE 1. Effect of dobutamine (10 ug/kg per min) on the relation 
between stroke volume and pulmonary capillary wedge pressure 

.. (PCW). Closed circles represent control observations, open circles 

. Observations during dobutamine infusion. Heavy line represents the 

. average values for all patients studied. 


- studied are shown in Table I. Cardiac output in- 
ki creased in every patient (P <0.001), from an average 
. of 3.1 to 5.6 liters/min (81.8 percent), whereas heart 
- rate changed only slightly (average 98.5 to 105.2 
_ beats/min, P <0.02), indicating that the increase in 
- cardiac output was due mainly to the alteration in 
_ Stroke volume, which increased by an average of 65.8 
- percent. The cardiac index was less than 2.5 liters/ 
— min per m? in all subjects during the control period 
- and was restored to the normal range in 10 (67 per- 
- cent) of the patients during dobutamine infusion. 
-. Mean pulmonary capillary wedge pressure in 12 pa- 
_ tients decreased from 27.4 to 21.1 mm Hg during 
. infusion of the drug (P «0.001) (Fig. 1). 

. Mean arterial pressure was not significantly al- 
_ tered (93.3 to 98.2 mm Hg) during infusion of dobu- 
- tamine, but systolic pressure increased from an aver- 
_ age of 120 + 5.5 (standard error) to 136 + 5.5 mm Hg 
(P «0.05) whereas diastolic pressure was unaltered 
- (79 + 3.5 to 82 + 3.2 mm Hg). Cardiac work almost 
. doubled as indicated by an increase in mean stroke 
work from 28.3 to 57.5 g-m (P «0.01). The values for 
- both systemic and pulmonary vascular resistance de- 
_ creased during the drug infusion, from an average of 
. 2,237 to 1,418 dynes sec cm-? (P «0.001) and from 
. 281 to 162 dynes sec cm^? (P <0.001), respectively. 

.. The 10 ug/kg per min infusion produced a greater 
hemodynamic effect than the 5 ug/kg per min infu- 
-sion in the seven patients who were studied at both 
- dose levels (Fig. 2). No arrhythmias or untoward side 
_ effects were observed in any patients during dobuta- 
mine infusion. 
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: Discussion 

... Our data indicate that dobutamine possesses phar- 
 macologic properties that make it an ideal sympatho- 
mimetic agent for producing a selective improvement 
in myacardial function. In the doses employed in 
these patients with severe congestive heart failure, 
cardiac output was restored to normal levels, pulmo- 
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FIGURE 2. Average hemodynamic measurements in seven patients 
during control period (open bar) and infusions of 5 g/kg per min - 
(middle bar) and 10 ug/kg per min of dobutamine (right bar). As- 
terisk indicates significant difference from control (P <0.05); triangle 
indicates significant difference from values during 5 ug/kg per min 
infusion (P <0.05). CO = cardiac output; HR = heart rate; L — liters; 
MAP = mean arterial pressure; PCW = pulmonary wedge pressure; 
SVR = systemic vascular resistance. 


nary capillary wedge pressure was reduced, heart rate 
was only slightly increased whereas mean arterial 
pressure was unchanged. 

Since myocardial oxygen consumption is directly 
related to aortic pressure and heart rate as well as to 
the contractile state of the myocardium,!4 sympatho- 
mimetic amines that increase heart rate (isoprotere- 
nol) or systemic vascular resistance (norepinephrine) 
may have a deleterious effect on the ischemic left 
ventricle.?15.16 Use of dobutamine in this clinical set- 
ting may be advantageous because this drug does not 
have prominent chronotropic or peripheral vascular 
effects but retains a potent inotropic effect. The re- 
duction in peripheral vascular resistance during 
dobutamine infusion is consistent with either a direct 
vasodilating effect of the drug or a reflex relaxation 
of vascular tone. 

Clinical implications: The incremental circulato- 
ry effect demonstrated when the dose was increased 
from 5 to 10 ug/kg per min indicates that within this 
dose range the hemodynamic response is linearly re- 
lated to dose. Because of the prompt response to the 
drug, its reliability in restoring cardiac output to nor- 
mal levels and the absence of side effects during 
these short-term infusions, further evaluation of the 
use of dobutamine in the treatment of low output 
syndromes is indicated. Since most of the patients in 
our series were less than 50 years old and had cardio- 
myopathy, additional data are needed on the re- 
sponses in older patients with ischemic heart disease. 
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To study the efficacy of isosorbide dinitrate in prevention of myocardial 
ischemia, 20 patients with angiographically proved coronary artery dis- 
ease underwent atrial pacing (mean rate 138/min) before (P4), 10 
minutes after (P5) and 65 minutes after (P3) sublingual administration 
of 5 mg of isosorbide dinitrate. The symptomatic, hemodynamic and 
metabolic responses were evaluated at rest and during each pacing 
period. Angina occurred in all subjects during P4. Angina did not recur 
or was less severe in 17 of 19 patients during P5 and in 19 of 20 pa- 
tients during P3. Resting left ventricular end-diastolic pressure for the 
group was normal at 11 + 4 mm Hg (mean + standard deviation). On 
interruption of pacing at 4.5 minutes during P4, average end-diastolic 
pressure during sinus rhythm was abnormal (18 + 6 mm Hg). After ad- 
ministration of isosorbide dinitrate mean left ventricular end-diastolic 
pressure was significantly decreased at rest and remained normal 
when pacing was interrupted during P2 and P3. Brachial arterial pres- 
sure, cardiac index, tension-time index, left ventricular stroke work 
index and maximal rate of rise of left ventricular pressure were all di- 
minished at rest before and during P2 and P3. S-T segment depression 
was less during P2 and P} than during P4. Before isosorbide dinitrate 
was given, resting myocardial lactate extraction was 15 + 11 percent; 
during P, lactate extraction decreased to —2 + 25 percent. Lactate 
extraction was significantly greater during P2 and P; than during P4. 

This study demonstrates that sublingual administration of 5 mg of 
isosorbide dinitrate has a significant protective effect against pacing- 
induced myocardial ischemia at 10 and 65 minutes after administra- 
tion. 


Isosorbide dinitrate is one of the most widely used of the so-called 
long-acting nitrates in the management of angina pectoris. It has 
been given both orally and sublingually, either alone or in combina- 


tion with propranolol.!-? Although most reports have suggested that 


it achieves better control of angina when administered sublingually, 
others have claimed that excellent prophylaxis can be achieved by 
administering daily oral doses of up to 360 mg.* Most studies show 
isosorbide dinitrate is beneficial, although some have found it to be 
no more effective than placebo.® 

Both the mechanism and the duration of action of isosorbide dini- 
trate are unknown. The drug probably acts through alterations in the 
balance between myocardial oxygen demand and supply by decreas- 
ing left ventricular oxygen requirements. It may also change total 
coronary blood flow and distribution, but there have been no defini- 
tive studies of its effect on the coronary circulation. Investigations 
into the drug's duration of action have shown beneficial effects on he- 
modynamics and exercise tolerance ranging from less than 1 to at 
least 2 hours.9-!? The different exercise protocols employed may ac- 
count in part for the variable results reported in these studies.!! 


^» ^ne Alm dà TE "PLI AL... B. — 5 5 4 ee omms ass aa 


FIGURE 1. Protocol for sequential pacing stud- 
ies. C4, Co, C3 = first, second and third control 
periods before, 5 minutes after and 60 minutes, 
respectively, after drug administration; ISDN = 
isosorbide dinitrate; P;, Po, P3 indicate, respec- 
tively, pacing periods before and 10 and 65 
minutes after drug administration. 
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Previous investigations of the antianginal effects of 
isosorbide dinitrate have determined the response to 
exercise before and after drug administration.!-?5-10 
Atrial pacing is well documented as a valid and re- 
producible stress test in patients with coronary ar- 
tery disease and has been utilized to study the effect 
of nitroglycerin on the clinical, hemodynamic and 
metabolic concomitants of myocardial ischemia.!?-15 
However, no information is available regarding the 
effect of sublingually administered isosorbide dini- 
trate on the response to atrial pacing in patients with 
symptomatic coronary artery disease. Accordingly, 
this study examines the early and late clinical, hemo- 
dynamic and metabolic effects of sublingually ad- 
ministered isosorbide dinitrate using atrial pacing as 
a stress. 


Methods 


Twenty patients with angina pectoris who were subse- 
quently shown to have significant coronary artery disease 
were studied. Each patient was a potential candidate for 
saphenous vein coronary bypass surgery. Informed consent 
was obtained and there were no complications related to 
the investigation. Sodium Nembutal® (100 mg) was given 
orally 1 hour before the procedure. A single electrocardio- 
graphic lead (modified lead II) was monitored to evaluate 
S-T segment depression. Under local anesthesia, the bra- 
chial artery and two veins were isolated in the right antecu- 
bital fossa. A no. 8 Gorlin catheter was positioned in the 
mid-portion of the coronary sinus for pacing and blood 
sampling, a no. 8 Goodale-Lubin catheter was advanced to 
the pulmonary artery and a no. 8 Eppendorf catheter was 
passed to the left ventricle from the right brachial artery. 
With use of the Seldinger technique, a Teflon? cannula was 
inserted into the left brachial artery for blood sampling and 
arterial pressure monitoring. Pressures from the brachial 
artery, pulmonary artery and left ventricle were measured 
with Po3DB Statham strain gauges 5 cm below the angle of 
Louis and were recorded on a photographic recorder (Elec- 
tronics for Medicine DR12). Mean brachial arterial and 
pulmonary arterial pressures and maximal systolic rate of 
rise of left ventricular pressure (dP/dt) were obtained elec- 
tronically. Each measurement was averaged over at least 
two respiratory cycles. 


Protocol (Fig. 1) 


Control pressures and cardiac output determinations in 
duplicate were obtained by the dye-dilution technique. 
Blood samples were obtained simultaneously from the cor- 
onary sinus and brachial artery for subsequent analysis of 
lactate concentration (Cı). Each patient then underwent 


Py 


IO MIN. 
ECOVERY 


ISOSORBIDE DINITRATE IN CORONARY HEART DISEASE—STEELE ET 


i was t ST Ae s » y7 r - . 
res VA uf PORTS Rees: 


PROTOCOL FOR INVESTIGATION 


ISON 
5mg SL 

















pacing from the coronary sinus at a rate of 120 to 150 ~ 
beats/min (Pj). The rate was preselected with the aim of — 
inducing angina within 3 to 4 minutes of the onset of pac- | 


ing. Pacing was continued for 7 minutes with three 15 sec- 


ond periods of interruption at 1, 3 and 4.5 minutes, respec- — 
tively, to measure left ventricular end-diastolic pressure . 


during sinus rhythm. Cardiac output was determined and 
blood samples were taken between 5 and 7 minutes of pac- 
ing. After a 10 minute recovery period, 5 mg of isosorbide 
dinitrate was given sublingually. After 5 minutes (Co) and 
60 minutes (C3), during sinus rhythm, pressures and cardi- 
ac output were recorded and blood samples obtained. After 
C» and C3, pacing was repeated at the same rate for each 
patient starting at 10 minutes (P2) and 65 minutes (P3) 


after administration of isosorbide dinitrate. During P? and  . 


P3 hemodynamic and metabolic data were obtained as dur- 
ing P4. 

After the hemodynamic study, selective coronary arteri- 
ography with use of the Sones technique and left ventricu- 
lography were performed. All patients had significant ob- 
structive coronary disease with 75 percent or greater ob- 
struction in at least one major coronary artery. 


Calculations 


Left ventricular end-diastolic pressure was measured at — 


the nadir of the atrial deflection (A) in the left ventricular 
pressure tracing. In the tracings in which the A wave could 


not be clearly defined, end-diastolic pressure was measured 


at a point corresponding to the peak of the R wave of the 
electrocardiogram or where an abrupt rise in the pressure 
curve was visible. 


Tension-time index (TTI) in millimeters of mercury X . 
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107! was calculated according to the formula TTI = BA | 


systolic X HR X 107! where BA = brachial arterial pres- 
sure in millimeters of mercury and HR = heart rate in 
beats per minute. Left ventricular stroke work index 
(LVSWI) in gram-meters per square meter was calculated 
according to the formula: LVSWI [SI x (BAm — 
LVEDP) x 13.6]/1000 where SI = stroke index in millili- 
ters per square meter, BAm = mean brachial arterial pres- 
sure in millimeters of mercury and LVEDP = left ventricu- 
lar end-diastolic pressure in millimeters of mercury. 

Blood samples for determination of lactate concentra- 
tion were collected in glass tubes with no additive and im- 
mediately spun and frozen at —5° C for later analysis. Lac- 
tate concentration, determined by the automated enzymat- 
ic method of Apstein et al.,!© was expressed as milligrams 
per 100 ml of plasma and the percentage of myocardial ex- 
traction of lactate was calculated as the ratio of the arterio- 
venous difference to the arterial level (a-v/a) X 100. 

Statistical analyses were performed using Student’s 
paired ¢ test. 
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ANALYSIS OF ANGINA DURING PAGING PERIODS 
ANGINA 
*.Pi 20 


ANGINA 


«P2 «P2 >P2<P] =P] -P2 ANGINA (<P1) 
2 2 e | 2 3 
P3 
«PI 
| 
Results 


Eve Angina during pacing: Figure 2 shows an analysis 


of the occurrence of chest pain during the three pac- 
ing periods. Angina developed in each of the 20 pa- 


_ tients during the first pacing period (P). During P» 
-. (10 minutes after drug administration) only nine pa- 
- tients had angina; the pain was less severe than dur- 


ing P; in seven patients and equally severe in two. P4 


_ (65 minutes after drug administration) produced an- 


— gina in 13 patients that was less severe than that dur- 


ing P; in all but 1 patient. The patient who did not 
. undergo pacing during P» had less severe angina dur- 
- ing Ps than during P. Thus, angina did not recur or 
. was less marked in 17 of 19 patients during P» and in 


. 19 of 20 patients during Ps. 


Hemodynamics during pacing: The hemody- 


.J namic and metabolic data are summarized in Table I, 
. and statistical comparisons are shown in Table II. At 
- the 4.5 minute interruptions of pacing and during the 
~- immediate post-pacing periods, heart rate returned 


_ to control values. The heart rate during sinus rhythm 
.. was similar during each control period. Left ventricu- 


lar end-diastolic pressure was abnormal (more than 


.. 12 mm Hg) in six patients during the initial control 
period (Cı), but the average value was normal. Dur- 


. Ing the initial pacing period (P4) left ventricular end- 


x 


. diastolic pressure decreased from 11 + 4 (mean + 


- standard deviation) to 8 + 4 mm Hg (P «0.015). Dur- 


y 


.. ing interruption of pacing at 4.5 minutes left ventric- 


ular end-diastolic pressure was 15 mm Hg or more in 


. 14 patients and averaged 18 + 6 mm Hg. This was a 


significant increase from the value obtained during 
C; (P «0.001). Thése hemodynamic observations are 
commonly documented during myocardial ischemia 


pi induced by atrial pacing.!?-!^ During all subsequent 


pacing and at periods of interruption the average left 


-= ventricular end-diastolic pressure remained normal. 


During the early pacing period after isosorbide dini- 


: trate administration (P2), none of the patients had 


abnormal end-diastolic pressure during interruption 
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FIGURE 2. Analysis of angina during pacing pe- 
riods. Abbreviations as in Figure 1. 


of pacing although nine had chest pain. During P4 
end-diastolic pressure on interruption was abnormal 
in only three of the patients who experienced angina 
and the mean value was normal (10 + 4 mm Hg). 

Cardiac index averaged 3.3 + 0.5 liters/min per m? 
during C, and fell significantly 5 minutes (Cə) and 60 
minutes (C3) after drug administration (P <0.001). 
Cardiac index during both P? and P4 was significant- 
ly lower than during P. 

Mean brachial arterial pressure did not change 
significantly 5 minutes after drug administration 
(C3), but the decrease at 60 minutes (C3) was signifi- 
cant (P «0.001). There was a significant increase in 
brachial arterial pressure during P, but not during Ps 
and Ps. The level of brachial arterial pressure during 
P? and P} was significantly lower than during the ini- 
tial pacing period. Changes in tension-time index 
paralleled those of brachial arterial pressure. 

Left ventricular stroke work index decreased after 
administration of isosorbide dinitrate from 54 + 10 
g-m/m? during C; to 44 + 10 during Cy and 37 + 7 
during C3 (P «0.001). During P, stroke work index 
decreased significantly as a result of the increased 
heart rate and hence decreased stroke index; the 
values during P» and Ps were still lower than during 
P; (P «0.001). During each pacing period left ven- 
tricular dP/dt increased. After administration of iso- 
sorbide dinitrate dP/dt decreased during both Cə (P 
< 0.015) and Cz (P <0.005) and was also significantly 
reduced during pacing. 

S-T segment depression was measured only during 
sinus rhythm because of the distortion introduced by 
coronary sinus pacing. During the control periods be- 
fore and after drug administration S-T segments 
were isoelectric. After interruption of pacing 
before administration of  isosorbide dinitrate 
the average S-T segment depression was 1.3 mm; 
after administration of isosorbide dinitrate it was sig- 
nificantly less during the two periods of pacing 
(P <0.001). 







EMRE tM A a> patie die 


ISOSORBIDE DINTRATE IN CORONARY HEART DISEASE—STEELE eT AL 


TABLE | e 
Hemodynamic and Metabolic Data* m 
LVEDP TTI LVSWI lactate — 

HR LVEDP (INT) CI (liters/ BAm (mm Hg/min X (g-m/beat dP/dt ST Extraction S 

(beats/min) (mm Hg) (mmHg) min per m?) (mm Hg) x 107’) per m?) (mm Hg/sec) (mm) (96) 

ES Roig 114 .. ... 3320.5 101+15 1119+294 54+10 1536+ 428 0 15+ 11 E. 
"m 138+ 11 8+4 18+ 6 3.4 + 0.5 ils $3 1942 + 409 35.+ 6 1850 + 490 VIS —2 +25 ` 

G 2t 13 £328 yi: 2,8 3-03 99 € 13 1105 + 278 44 + 10 1465 + 390 0 12+ 13 * 
P, 138+ 11 5+4 6:3 2.7 * 0.5 94 + 13 1613+ 231 24 * 6 1725 + 412 —0:9 10£.13.- 
GC. 79 « 14 8*3 E e. 135. 0:5 86+ 13 922 + 248 37 x7 1296 + 342 0 13:978 
P, 138 + 11 523° Oe Oh.) 3.17 0:6 93.218. - 15984 371) 32027 1631+ 362 —0.4 9215.5 
A A RENDER MMC eUU PM AMA MA. LL axi eL ER uL D 0 


*A|| values are mean + standard deviation. 

BAm = mean brachial arterial pressure; C,, C,, C, = first, second and third control periods before, 5 and 60 minutes after, re- 
spectively, drug administration; CI = cardiac index; dP/dt = maximal systolic rate of rise of left ventricular pressure; HR ay 
heart rate; LVEDP = left ventricular end-diastolic pressure; LVEDP (INT) = left ventricular end-diastolic pressure during inter- - 
ruption after 4.5 minutes of pacing; LVSWI = left ventricular stroke work index; P,, Pa, P, = first, second and third pacing pe- - 
riods before, 10 and 65 minutes after, respectively, drug administration, S-T = S-T segment depression; TTI = tension-time _ | 
index. 
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TABLE II "n 

- Summary of Significance of Changes (P Values) | A 
cor cede ra acte e erc mp: sd aera eS eS REOS 10 

C.-C, C.-C, P,P, PP, C,-INT, INT,-INT, INT,-INT, 4 

ORT VR oe es RC S AES Ace LPS ao DAI ENDE TE LIC P CH Numae ee 

HR NS NS NS NS NS NS NS . 9 

LVEDP «0.001 «0.01 NS NS «0.001 «0.001 « 0.001 "d 

CI «0.001 «0.001 «0.001 « 0.02 E 

BAm NS <0.001 <0.001 <0.001 d 

TTI NS «0.001 «0.001 «0.001 | S 

LVSWI <0.001 <0.001 <0.001 <0.001 r 

dP/dt «0.015 «0.005 «0.025 «0.015 SA jaws ost d 

S-T segments 5 e EA Ls «0.001 « 0.001 «0.001 yu. 

% lactate extraction NS NS « 0.02 «0.03 e 


3d 
INT,, INT,, INT, = interruptions of pacing at 4.5 minutes of P,, P, and P,, respectively; NS = not significant; other abbre- A 


viations as in Table l. 
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ing the long-term effects of isosorbide dinitrate on 
hemodynamics at rest and during exercise have been 
reached by other investigators."-? 

During bicycle or treadmill exercise, angina occurs 
at a relatively constant level of myocardial oxygen 
consumption for each patient.!! Changes in the de- 
terminants of myocardial oxygen consumption and 
the amount and duration of exercise at which angina 
occurs can be used to evaluate the efficacy of antian- E 
ginal drugs. However, differences in exercise proto- ` 
cols employed may affect the ability to detect 
changes in exercise performance. 11 Use of right atrial 
pacing to precipitate angina provides an easily — x 
standardized, reproducible stress that is particularly - 
suitable in the assessment of response to drug thera- ty 


Metabolic data: Lactate extraction averaged 15 
percent during C;. During P, there was a shift to lac- 
tate production for the group as a whole that aver- 
aged 2 percent. Among the 17 patients in whom met- 
abolic sampling was performed lactate production oc- 
curred in 8. In the other nine patients the coronary 
sinus concentration tended to increase, resulting in a 
smaller arteriovenous difference. During C» three pa- 
tients continued to show evidence of lactate produc- 
tion but for the group as a whole lactate extraction 
averaged 12 percent. During P2 only four patients 
produced lactate; for the group, lactate extraction av- 
eraged 10 percent. During C3 no patients showed evi- 
dence of lactate production. During Pg five patients 
showed evidence of lactate production; for the group, 
lactate extraction averaged 9 percent. 


Me 
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os 4a 
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Isosorbide dinitrate and myocardial oxygen 
consumption: The major determinants of myocar- — 
dial oxygen consumption are left ventricular wall ten- 
sion, heart rate and inotropic state. Wall tension — 
varies directly with chamber diameter and Diener 
pressure and inversely with wall thickness. If one as- - 
sumes that the decrease in left ventricular end- dia- - 
stolic pressure after administration of isosorbide di- 
nitrate at rest or during pacing is due to a decrease in - 
left ventricular size, then part of the beneficial action - 


Discussion 


We have shown that administration of 5 mg of iso- 
sorbide dinitrate sublingually exerts a protective ef- 
fect on the response to atrial pacing in patients with 
coronary artery disease. The subjective response of 
each patient with regard to lessening of chest pain is 
supported by objective hemodynamic and metabolic 
data sh wing an effect lasting at least 70 minutes in 
the majority of patients. Similar conclusions regard- 
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- of this drug would be explained. We did not measure 


chamber size directly, but, in one study of the effects 


— of isosorbide dinitrate total heart size did diminish 


on plain chest films after administration of the drug.® 
Systemic arterial blood pressure was significantly re- 


duced during sinus rhythm and atrial pacing for at 


least 1 hour after administration of isosorbide dini- 
trate. This reduction would result in reduced left 


- ventricular wall tension and, hence, reduced myocar- 
- dial oxygen consumption. We did not assess contrac- 


tile state, but it has been shown in animal studies 


- that isosorbide dinitrate exerts a positive inotropic 


effect on isolated papillary muscle preparations 


_ which, in turn, would increase myocardial oxygen 
. eonsumption.!? The beneficial effects of isosorbide 


dinitrate on myocardial ischemia observed in our pa- 


— tients imply that the drug's actions on reducing myo- 
. cardial oxygen consumption predominate. The role of 
— changes in the coronary circulation induced by iso- 
sorbide dinitrate, which might also lead to a more fa- 


vorable balance between myocardial oxygen supply 


— and demand, is unknown. 


Left ventricular end-diastolic pressure: In- 
crease in left ventricular end-diastolic pressure on in- 


. terruption of atrial pacing has been established as 


the hallmark of an ischemic response.!4 The relative 
importance of an increase in heart size or diminished 
left ventricular compliance during ischemia as deter- 
minants of this response is still being debated.!?-?? 


= Whatever the cause, the increase in end-diastolic 
. pressure on interruption of pacing was considerably 


less even 1 hour after isosorbide dinitrate was admin- 
istered. An unexpected finding was the normalization 
of the end-diastolic pressure response to pacing even 
in patients who experienced angina during the sec- 
ond and third pacing periods. Previous investiga- 
tions!?-4^ have shown that pacing-induced angina is 
usually accompanied by an abnormal hemodynamic 
response. Apparently isosorbide dinitrate reduced 
heart size and, hence, left ventricular end-diastolic 
pressure in these patients, but this effect was not al- 
ways sufficient to prevent myocardial ischemia dur- 
ing pacing. 

Lactate metabolism: The metabolic data in this 
study also provide objective confirmation that isosor- 
bide dinitrate exerts a beneficial effect on myocardial 
ischemia for as long as 70 minutes after its adminis- 
tration. Myocardial ischemia causes a shift from aer- 
obic to anaerobic metabolism with lactate produc- 
tion.»?^ Previous investigations? have shown that 
atrial pacing is a sensitive method for assessing lac- 
tate production by ischemic myocardium because 
there is no change in arterial lactate concentration as 
there is with exercise. When the arterial lactate level 
is constant, changes in coronary sinus lactate concen- 
tration are an accurate reflection of the metabolic 
state of the myocardium. Although individual varia- 
tions in lactate metabolism were wide, the group as a 
whole tended to produce lactate during the first pac- 
ing period. At 15 and 70 minutes after administration 
of isosorbide dinitrate, metabolic status was im- 
proved, as shown by a return to lactate extraction. 
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Dependent rubor (a cyanotic redness) 4. Pallor of the skin on elevation of the 
usually more intense in distal parts of affected extremities is caused by impaired 
e extremities most often distal to wrists circulation inadequate to overcome the 


d ank effect of gravity. 





ARLIDINM...... 
r plidrin HCD 


STIMU 


DILATES ARTERIOLES 
N SKELETAL MUSCLES 


p» to help increase blood supply to ischemic areas" 
P to help relieve leg cramps, tingling, numbness, cold hands and feet* 

















ndications* 

b arteriosclerosis obliterans 

p thromboangiitis obliterans (Buerger’s disease) 
p diabetic vascular disease 

P night leg cramps 

P ischemic ulcer 

$ Raynaud’s phenomenon and disease 


“Miller, R.R. et al.: The pharmacologic basis for clinical use of beta-adrenergic blocking drugs, 
lation. Druna Ther Ao. Anril 1974. 


LATES BETA-RECEPTORS 





ARLIDIN* (nylidrin HCI) 


*Indications: Based on a review of this 
drug by the National Academy of 
Sciences—National Research Council 
and/or other information, FDA has clas- 
sified this drug as “possibly” effective 


for peripheral vascular disease and cir- 
culatory disturbances of the inner ear. 
Final classification of the less-than- 
effective indications requires further 
investigation. 





Contraindications: Acute myocardial 
infarction, paroxysmal tachycardia, pro- 
gressive angina pectoris and thyrotoxicosis. 
Warnings: In patients with cardiac disease 
such as tachyarrhythmias and uncompen- 
sated congestive heart failure, the benefit/ 
risk ratio should be weighed prior to therapy 
and reconsidered at intervals during treat- 
ment. Adverse Reactions: Trembling, 
nervousness, weakness, dizziness (not 
associated with labyrinthine artery insuf- 
ficiency), palpitations, nausea and vomiting 
may occur. Postural hypotension, while not 
reported, may also occur. Dosage: Orally, 
3 to 12 mg. three or four times a day. How 
Supplied: White, scored tablets, 6 mg. and 
12 mg. Bottles of 100 and 1000; single- 
dose blister packs, boxes of 500. 


PHARMACEUTICALS 


USV PHARMACEUTICAL CORP. 
Tuckahoe, N.Y. 10707 
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ISOSORBIDE DINITRATE 


Offers all the benefits SUMMARY OF PRESCRIB ING INFORMATIO 


Mode of action: The mechanism of acti yf 
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sublingual form: Mowe T "X ops ir ius 
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helps dissolve medication relel oÍ anginal pain 3 or 4 times daily, Alt 
more easily PY EDO Tange ON 
J helps distribute nitrate 
over a larger mucosal area 


C] helps avoid "dry-mouth" STUART PHARMACEUTICALS 
Division of ICI United States Ir 


problems Wilmington, Delaware 19897 





Effectiveness.. 





I.V. Administration Guidelines for Premature When therapeutic blood levels are required 
Ventricular Contractions and Tachycardia quickly, I.V. Injections 
1. Preparation of drug: Dilute before I.V. use. 100 mg. every 5 minutes until arrhythmia suppressed 
2. Usual dosage range: 200-1000 mg. (up to a maximum dose of 1 gram). 
3. Infusion rate: Not to exceed 25-50 mg. per minute. 
Total I.V. dose not to exceed 1000 mg. Ai T 


4. Precautionary measures: 


a. Keep patient in supine position. Di —— 
b. Monitor electrocardiographically and discontinue 
if myocardial toxicity is evidenced. vel E 


c. Measure blood pressure almost continuously and 
temporarily discontinue infusion if blood pressure 
falls more than 15 mm. Hg. 





For ventricular arrhythmias 





e UIBB® ‘The Priceless Ingredient of every product 
is the honor and integrity of its maker.'TM 





3y a variety of routes 








1.V. Infusion 


2-6 mg. per minute’. 
(42.8 .g./ min./kg.)* 


1. Wyman MG, Hammersmith L: Am J Cardiol 33:661-667, 1974 
2. Bigger JT, Jr., Giardina EV: MCV Quart 9 (1): 65-76, 1973 


' 


Terminate I.V. infusion 
4 hours before 


oral regimen begun. 


Oral Administration Guidelines to Provide 
50 mg. /kg./day* for Ventricular Arrhythmias 


Ventricular Tachycardia 
(give priming dose of 1 g. if patient has not received 
prior infusion) 


Premature Ventricular Contractions 


< 120 Ibs. 120-200 Ibs. > 200 Ibs. 
250 mg. 375 mg. 500 mg. 


tablet q. 3 h. tablet q. 3 h. tablet q. 3 h. 





*This dosage schedule is for use as a guide for treating 
the average patient, but all patients must be considered 
on an individual basis. 








Pronestyl 


Procainamide Hydrochloride) 
through the entire therapeutic course 


See next page for brief summary. 
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- FHUNESTYL- TABL ERENT 
" (Procainamide Hydrochloride Tablets) | 


The prolonged administration of procainamide often leads to the 
| development of a positive anti-nuclear antibody (ANA) test with or 
| without symptoms of lupus erythematosus-like syndrome. If a posi- 
tive ANA titer develops, the benefit/risk ratio related to continued 
procainamide therapy should be assessed. This may necessitate 
considerations of alternative anti- -arrhythmic therapy. 












A D o ronést/ Tablets (Procainamide Hydrochloride Tablets) are veneer- 
—. coated tablets providing 250 mg., 375 mg., and 500 mg. procainamide 
Ut . hydrochloride. 


. Contraindications: In patients with myasthenia gravis and where a hy- 
M persensitivity to procainamide exists; bear in mind cross sensitivity to 
Beene and related drugs. Should not be given to patients with com- 

v pite atrioventricular heart block. Contraindicated in cases of second 
"s . degree and third degree A-V block unless an electrical pacemaker is 
. Operative. 


5 . Administration: Should procainamide therapy be continued for any 
i - appreciable period, electrocardiograms should be made occasionally 
to determine its further need. 


ES Precautions: Evidence of untoward myocardial response should be care- 
Bein watched for in all patients. In the presence of myocardial damage 
with atrial fibrillation or flutter, the ventricular rate may increase sud- 
-denly as the atrial rate is slowed; adequate digitalization reduces but 
Bre not abolish this danger. Ventricular tachysystole is particularly 
hazardous if myocardial damage exists. 
. The dislodgement of mural thrombi producing an embolic episode 
i, . may occur in correcting atrial fibrillation due to the forceful contractions 
- of the atrium. 
E Extreme caution is required in attempting to adjust the heart rate 
É when ventricular tachycardia has occurred during an occlusive coro- 
ry 





nary episode or where the use of procainamide may result in additional 
_ depression of conduction and ventricular asystole or fibrillation as in 
| Second degree and third degree A-V block, bundle branch block, or severe 
digitalis intoxication. 

- Bear in mind when treating ventricular arrhythmias in patients with 
| Severe organic heart disease and ventricular tachycardia that complete 
. heart block, which may be difficult to diagnose, may be present. Since 
. asystole may result if the ventricular rate is significantly slowed without 
~~ attainment of regular atrioventricular conduction, procainamide should 
ia stopped and the patient re-evaluated. 


- PRONESTYL? INJECTION 
| (Procainamide Hydrochloride Injection U.S.P.) 


ee Pronestyl Injection (Procainamide Hydrochloride Injection 
. U.S.P.) is a sterile aqueous solution providing 100 mg. or 500 mg. pro- 
cainamide hydrochloride per ml. The 100 mg./ml. potency contains 
0.996 (w/v) benzyl alcohol and 0.0996 sodium bisulfite as preservatives. 
k The 500 mg./ml. potency contains 0.1% methylparaben and not more 


E than 0.2% sodium bisulfite as preservatives. 


. Contraindications: In patients with myasthenia gravis and where a hy- 

. persensitivity to procainamide exists; cross sensitivity to procaine and 
“related drugs must be borne in mind. Should not be given to patients 

ber complete atrioventricular heart block. Contraindicated in cases of 
_high- degree A-V block unless an electrical pacemaker is operative. 


E Precautions: Evidence of untoward myocardial response should be 
B carefully watched for in all patients. In the presence of myocardial 
damage, procainamide may produce untoward responses. In atrial fi- 
gebrillation or flutter, the ventricular rate may increase suddenly as the 
— atrial rate is slowed; adequate digitalization reduces but does not 
E abolish this danger. If myocardial damage exists, ventricular tachysystole 
à is particularly hazardous. The dislodgement of mural thrombi producing 
an embolic episode may occur in correcting atrial fibrillation due to the 
Birba contractions of the atrium. 
Sih - Extreme caution is required in attempting to adjust the heart rate 
when ventricular tachycardia has occurred during an occlusive coronary 
_ episode or where the use of procainamide may result in additional de- 
. pression of conduction and ventricular asystole or fibrillation as in A-V 
lock, bundle branch block, or severe digitalis intoxication. 
c Parenteral administration should be monitored electrocardiographi- 
. cally whenever practicable. Parenteral administration should be discon- 
tinued at once if electrocardiograms give evidence of impending heart 
. block. This complication should be kept in mind when treating ventric- 
-ular arrhythmias (especially parenterally) in patients with severe organic 
. heart disease and ventricular tachycardia who may also have complete 
É heart block. Since asystole may result if the ventricular rate is signifi- 
~ cantly slowed without attainment of regular atrioventricular conduction, 
| procainamide should be stopped and the patient re-evaluated. 
a _ Inthe presence of both liver and kidney damage, normal dosage may 
. produce symptoms of overdosage—principally ventricular tachycardia 
. and severe hypotension. 
E A syndrome resembling lupus erythematosus has been reported with 
"maintenance procainamide therapy. Common symptoms are polyarth- 
is ralgia, arthritis and pleuritic pain. Fever, myalgia, skin lesions, pleural 
peensron and pericarditis may also occur. Rare cases of thrombocytopenia 
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 . . the presence of both liver and kidney damage, norn 


al dosage may 
on -produce symptoms of overdosage—principally Seed r lachycardia : 
and severe hypotension. 

A syndrome resembling lupus erythematosus has been reported with 
maintenance procainamide therapy. Common symptoms are polyarth- 
ralgia, arthritis and pleuritic pain. Fever, myalgia, skin lesions, pleural 
effusion and pericarditis may also occur. Rare cases of thrombocyto- 
penia or Coombs-positive hemolytic anemia, possibly related to this 
syndrome, have been reported. Measure anti-nuclear antibody titers at 
regular intervals in patients on procainamide for extended periods of 
time or in whom symptoms suggestive of lupus-like reaction appear; in 
event of rising titer (anti-nuclear antibody) or clinical symptoms of LE, 
assess the benefit/risk ratio related to continued procainamide therapy 
(see boxed Warning). Steroid therapy may be effective if discontinuation 
of procainamide does not cause remission of symptoms. If the syndrome 
develops in a patient with recurrent life-threatening arrhythmias not 
otherwise controllable, steroid-suppressive therapy may be used con- 
comitantly with procainamide. 

Adverse Reactions: Hypotension is rare with oral administration. Seri- 
ous disturbances of cardiac rhythm such as ventricular asystole or fi- 
brillation are more common with I.V. administration. 

Large oral doses may sometimes produce anorexia, nausea, urticaria, 
and/or pruritus. 

A syndrome resembling lupus erythematosus has been reported (see 
Precautions). Reactions consisting of fever and chills have been re- 
ported, including a case with nausea, vomiting, abdominal pain, acute 
hepatomegaly, and a rise in serum glutamic oxaloacetic transaminase 
following single doses of the drug. Agranulocytosis has been occasion- 
ally reported following repeated use of the drug, and deaths have oc- 
curred. Therefore, routine blood counts are advisable during maintenance 
procainamide therapy; and the patient should be instructed to report any 
soreness of the mouth, throat, or gums, unexplained fever or any symp- 
toms of upper respiratory tract infection. If any of these symptoms should 
occur and leukocyte counts indicate cellular depression, procainamide 
therapy should be discontinued and appropriate treatment should be 
instituted immediately. Bitter taste, diarrhea, weakness, mental depres- 
sion, giddiness, psychosis with hallucinations, and hypersensitivity 
reactions such as angioneurotic edema and maculopapular rash have 
been reported. 

The package insert should be read carefully to become familiar with 
the recommended dosage for the indicated conditions and for full pre- 
scribing information. 

How Supplied: Pronestyl Tablets (Procainamide Hydrochloride Tablets) 
providing 250 mg., 375 mg., and 500 ma. are available in bottles of 100. 


or Coombs-positive hemolytic anemia, possibly related to this syndrome, 
have been reported. Measure anti-nuclear antibody titers at regular in- 
tervals in patients on procainamide for extended periods of time or in 
whom symptoms suggestive of lupus-like reaction appear; discontinue 
drug in event of rising titer or clinical symptoms of LE. Steroid therapy 
may be effective if discontinuation of procainamide does not cause 
remission of symptoms. If the syndrome develops in a patient with re- 
current life-threatening arrhythmias not otherwise controllable, steroid- 
suppressive therapy may be used concomitantly with procainamide. 


Adverse Reactions: Because procainamide is a peripheral vasodilator, 
I.V. administration may produce transient but at times severe hypotension 
particularly in conscious patients. I.M. injection is less likely to cause 
serious falls in blood pressure. Serious disturbances of cardiac rhythm 
such as ventricular asystole or fibrillation are also more common with 
I.V. administration. 

A syndrome resembling lupus erythematosus has been reported. Re- 
actions consisting of fever and chills including a case with. fever and 
chills plus nausea, vomiting, abdominal pain, acute hepatomegaly, and 
a rise in SGOT following single doses of the drug have been reported. 
Bitter taste, diarrhea, weakness, mental depression, giddiness, psychosis 
with hallucinations, hypersensitivity reactions such as angioneurotic 
edema and maculopapular rash have been reported. Agranulocytosis 
has been occasionally reported following repeated use of the drug, and 
deaths have occurred; therefore, routine blood counts are advisable 
during maintenance therapy. If soreness of mouth, throat or gums, un- 
explained fever or any symptoms of upper respiratory tract infection 
should occur and leukocyte counts indicate cellular depression, procain- 
amide therapy should be discontinued and appropriate treatment should 
be instituted immediately. 


Administration: Ora! administration is preferred. When parenteral ther- 
apy is necessary, intramuscular administration is the method of choice. 
Intravenous use should be limited to extreme emergencies, the drug 
should be administered as a dilute infusion, and the patient should be 
monitored electrocardiographically. The intravenous dose should not ex- 
ceed 1 gram. Administer at a rate not exceeding 25 to 50 mg. per minute. 

Should procainamide therapy be continued for any appreciable period, 
electrocardiograms should be made occasionally to determine its fur-. 
ther need. 

The package insert should be read carefully to become familiar with 
the recommended dosage for the indicated conditions. 


How Supplied: Pronestyl Injection (Procainamide Hydrochloride Injec- 
tion U.S.P.) is available in 10 ml. vials providing 100 mg./ml. and in 
2 ml. vials providing 500 mg./ml. ©1974 E. R. SQUIBB & SONS, INC. 444-009 
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Architect etn of HEART HOUSE to be built im Bethesda, Markland by the pue College of Leder 


America's heartland is still being built. 


You will know it as Heart House. Soon to rise depend upon your professional progress. As an 
above nine acres of hard work and hope in the incomparable learning laboratory for physicians, 
Bethesda countryside, it will be the national and as the national headquarters of the American 
continuing education center dedicated to the College of Cardiology, Heart House will frontier 
diagnosis, treatment and eventual prevention of the development of all types of educational materials 
cardiovascular disease. and circulate them throughout the world. 


Help build and equip Heart House through 
either a 36-month Pledge or a tax- 
As itis for both those who will follow and those who deductible enclosure now. 


Heart House is for you, Doctor. 


| would like to help build and equip HEART HOUSE. [] Please find my gift or pledge enclosed. Atm 
[ j Please send me additional information on HEART HOUSE, including memorial and 
honorary gift opportunities. 


Name: 





Address: 











Amount Pledged or Enclosed: — Date: 


Pledges payable over three years are welcome. Make checks payable to the American College 
of Cardiology. 





Send your tax-deductible contribution to: 
HEART HOUSE, American College of Cardiology HEART 
9650 Rockville Pike, Bethesda, Maryland 20014 HOUSE 
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he latest advance in echocardi- 
graphy has just advanced again 
rith "Depth Selective Amplification — 
je heart of the new Echoview 

ystem 80C. 

DSA allows you to select optimum 
ain for every position of the 
ardiac structure. Echoes — from 
nterior wall, interventricular 
septum, mitral valve or posterior 
rall — can be selectively increased 
r decreased in order to define 
1ese structures with the greatest 
larity. Picker Echoview System 
OC with exclusive DSA gives your 
'acings more clinical data and a 
igher percentage of interpretable 
ssults. 

But DSA is only part of the story. 
ogically grouped controls simplify 
peration. Lightweight cart allows 
ou to take the Echoview System 
OC to the patient's bedside. And 
ur strip chart recorder provides 
xcellent grey scale representation 
Í weak and strong echoes so that 
ll structures are clearly delineated. 

The clinical data tell the story. 
vontact your Picker representative 
r Picker Corporation, 12 Clinton- 
ille Road, Northford, CT 06472, 
elephone 203-484-2711, Ext. 371. 
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CONTENTS 
EDITORIAL: 


Optimal Cardiac Care: Achievable? Mary Allen Engle 


ORIGINAL ARTICLES: 


Diastolic Murmurs in the Presence of Starr-Edwards Mitral Prosthesis: With Emphasis on the Genesis of the Austin 
Flint Murmur. Richard A. Schaefer, John H. McAnulty, Albert Starr, Shahbudin H. Rahimtoola 


The Course of Acute Myocardial Infarction: Feasibility of Early Discharge of the Uncomplicated Patient. J. Frederick 
McNeer, Andrew G. Wallace, Galen S. Wagner, C. Frank Starmer, and Robert A. Rosati 


Relation between Contractile Reserve and Prognosis in Patients with Coronary Artery Disease and a Depressed 
Ejection Fraction. Peter F. Cohn, Richard Gorlin, Michael V. Herman, Edmund H. Sonnenblick, Howard R. Horn, 
Lawrence H. Cohn, and John J. Collins, Jr. 


Hemodynamic Effects of Nitroglycerin in Acute Myocardial Infarction: Decrease in Ventricular Preload at the Ex- 
pense of Cardiac Output. David O. Williams, Ezra A. Amsterdam, and Dean T. Mason 


Response of the Left Ventricle in Coronary Artery Disease to Postextrasystolic Potentiation. Robert |. Hamby, 
Agop Aintablian, B. George Wisoff, and Marvin L. Harstein 


Acute Subendocardial Myocardia! Infarction in Patients. Its Detection by Technetium 99-m Stannous Pyrophosphate 
myocardial Scintigrams. James T. Willerson, Robert W. Parkey, Frederick J. Bonte, Steven L. Myer, and Ernest W. 
okely 


The Effect of Intracoronary Injection of Contrast Medium upon Coronary Blood Flow. Mayer Bassan, William Ganz, 
Harold S. Marcus, and H. J. C. Swan 


Histopathology of the Conduction System in Sudden Death from Coronary Heart Disease. J. T. Lie 


Acute Myocardial Infarction in Toxic Cardiomyopathy Without Coronary Obstruction. Timothy J. Regan, Chia F. Wu, 
Allen B. Weisse, Christos B. Moschos, S. Sultan Ahmed, Michael M. Lyons, and Bunyad Haider 


The Omnicardiogram: Study of a Proposed Method for Detecting Coronary Heart Disease in an Asymptomatic 
Population. C. Paul Nay, William B. Kannel, William P. Castelli, and Patricia M. McNamara 


Vectorcardiographic Diagnosis and Electrocardiographic Correlation in Left Ventricular Asynergy Due to Coronary 
Artery Disease. |. Severe Asynergy of the Anterior and Apical Segments. Eliot Young, Peter F. Cohn, Richard 
Gorlin, Harold D. Levine, and Michael V. Herman 


A Clinical and Follow-up Study of Right and Left Bundle Branch Block. Michael Rotman and John H. Triebwasser 


Comparison of Cardiac Refractory Periods in Children and Adults. Ira W. DuBrow, Elizabeth A. Fisher, Fernando 
Amat-y-Leon, Pablo Denes, Delon Wu, Kenneth Rosen, and Alois R. Hastreiter 


Multiform Ventricular Ectopic Rhythm. Evidence for Multiple Parasystolic Activity. Nabil El-Sherif and Philip Samet 


Echocardiographic Observations on Ventricular Septal Rupture Complicating Acute Myocardial Infarction. P. A. N. 
Chandraratna, P. K. Balachandran, P. M. Shah, and M. Hodges 


Posterior Mitral Leaflet Motion in Mitral Stenosis. Jorge A. Levisman, Abdul S. Abbasi, and Morton Lee Pearce 


Echocardiographic Features of Subpulmonic Obstruction in Dextro-transposition of the Great Vessels. Navin C. 
Raymond Gramiak, James A. Manning, and Elliot O. Lipchik 


Simultaneous ecards raphic — Phonocardiographic Recordings at Rest and Du ring Amyl Nitrite Administration 
in Patients with Mitral Valve Prolapse. Roger A. Winkle, Daniel J. Goodman, and Richard L. Popp 


A pM Method for Quantitating Left-to-Right Shunts from Arterial Dilution Curves. Benjamin E. Victorica and 
ra H. Gessner 


Acute Effects of Low Doses of Alcohol on Left Ventricular Function Measured by Echocardiography. Cedar E. Delgado 
Nicholas J. Fortuin, and Richard S. Ross 


On the Clinical Value of Calibrated Displacement Apexcardiography. Boudewijn Denef, Roger Popeye, Hilaire De 
Geest, Hugo Kesteloot 


CASE REPORTS: 


Anomalous Left Coronary Artery from Pulmonary Artery. An Eight Year Angiographic Follow-up after Saphenous 
Vein Bypass Graft. Bernard R. Chaitman, Martial G. Bourassa, Jacques Lespérance, and Pierre Grondin 


Premature Pulmonic Valve Opening Following Sinus of Valsalva Aneurysm Rupture into the Right Atrium. Arthur 
E. Weyman, James C. Dillon, Harvey Feigenbaum, and Sonia Chang 


RADIOLOGY: 


Results of Routine Preoperative Coronary Angiography in Tetralogy of Fallot. Kenneth E. Fellows, Michael D. Freed’ 
John F. Keane, Richard Van Praagh, William F. Bernard, and Aldo C. Castenada 


CLINICOPATHOLOGIC CORRELATIONS: 


True and False Left Ventricular Aneurysms: Propensity for the Latter to Rupture. Zeev Vlodaver, John I. Coe, and 
Jesse E. Edwards 


BOOK REVIEWS 
NEWS FROM AMERICAN HEART ASSOCIATION 


NOW AVAILABLE... 
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JF CARDIOLOGY 


YEAR 


CUMULATIVE 
INDEXE 


Covers all material published in THE AMERICAN 
JOURNAL OF CARDIOLOGY from January 1968 
through December 1972. 








e CLINICAL STUDIES 

e EXPERIMENTAL STUDIES 
e SYMPOSIA 

e REPORTS ON THERAPY 
e REVIEWS 

e SEMINARS 

e CASE REPORTS | B c 
e DIAGNOSTIC SHELF as ass 
e HISTORICAL MILESTONES ae 


Includes Author Index—and—Subject Index 

All subjects are cross indexed for quick and easy reference 
*There is a limited supply of the 10 Year Cumulative Index 
available— January 1958 through December 1967 — Price 
$10.00, While supply lasts order both for only $15.00. 


Please use order form below. K AOCHLOR 





THE AMERICAN JOURNAL OF CARDIOLOGY (potassium chloride) 
P.O. Box 1172, Radio City Station, New York, N.Y. 10019 
Send me THE AMERICAN JOURNAL OF CARDIOLOGY 10% Liquid 
Cumulative Index or Indexes as checked below. Face eu Per BERE Si. a S 
[] Enclosed is my check for $8 for Also available 
5 YEAR CUMULATIVE INDEX 1968-1972 2096 Liquid 


O Enclosed is my check for $10 for 


10 YEAR CUMULATIVE INDEX 1958-1967 
O Enclosed is my check for $15 for both Efferve ; ent 
the 5 and 10 YEAR CUMULATIVE INDEXES Tablets 
EMO UC m Ax cu M TE PUn M i A WARREN-TEED 


PHARMACEUTICALS INCORPORATED 
SUBSIDIARY OF ROMM AND HAAS COMPANY 
COLUMBUS, OHIO 43215 
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tase add appropriate sales tax if in New York State 


€ 
Of; 


( Congestive Heart Failu 


For years the Yorke Medical Publishing Group has been serving the 
Medical Profession with four outstanding journals. In fact, you are 
reading one of them now. In 1974 Yorke expanded its publishing 
Services to include Medical Books—informative, timely, and incisive 
medical books. To date the response from the profession has been 
very encouraging—Here's why .. . 


Congestive Heart Failure: 


Mechanisms, Evaluation and Treatment 
Edited by Dean T. Mason, M.D. Approximately 500 pages double 
column, including 200 illustrations. This integrated and com- 
prehensive text provides thorough and up-to-date coverage of the 
subject by many of the world's foremost authorities on congestive 
heart failure. Ready Late 1975 $35.00 


Hypertension Manual: 


Mechanisms, Methods and Management 
Edited by John H. Laragh, M.D., founder of the Columbia-Pres- 
byterian Hypertension Center. 970 pages, 150 illustrations. This 
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book, published February 1974, has already become a classic ref- 
erence work on hypertension. $37.00 
Also available: Selections in paperback:, Hypertension-Mecha- 
nisms. 488 pages, 127 illustrations. $12.50. Hypertension-Methods. 
120 pages, 17 illustrations. $7.50. Hypertension-Renin Systems, 
Drug Therapy & Diet. 100 pages, 12 illustrations. $7.50 


The Practitioners' Dermatology 


By Richard L. Sutton, Jr., M.D., and Morris Waisman, M.D. 530 
pages with over 600 illustrations. Written uniquely with the busy 
internist, general practitioner, and dermatologist in mind, this book 
is organized for one-stop dermatologic referencing with emphasis 
on procedures that work. $30.00 


Modern Drug Encyclopedia 


A valuable independent drug information service for today's re- 
ferencing needs, the Encyclopedia is organized generically with 
three comprehensive indexes. Over 3,000 ethical drugs are de- 
scribed. Purchase includes a free two-year updating service, 
Modern Drugs. $33.00 
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| Yorke Medical Books/666 Fifth Avenue, New York, New York 10019 


Order now on a 30 day free trial basis. 


Please send me 


O HYPERTENSION MANUAL $37.00 
HYPERTENSION PAPERBACKS 

O Hypertension-Mechanisms $12.50 

O Hypertension-Methods $ 7.50 

[] Hypertension-Renin System, $ 7.50 
Drug Therapy & Diet 

O All Three Editions $25.00 

O THE PRACTITIONERS’ DERMATOLOGY $30.00 


O MODERN DRUG ENCYCLOPEDIA-13 (Domestic) $33.00 


(Foreign) $40.00 


Please reserve for me and send when published. 


O CONGESTIVE HEART FAILURE $35.00 


AJC-8 


C] | enclose payment (publisher will absorb shipping and han- 
dling cost) * 
O Bill me and add $1.00 for shipping and handling.* 


Name m. € — Specialty . . 


Address = t ers Ww 





City State > iva: eat yy 





Signature o LUN i m 





*Note: Add $2.00 to all foreign orders for shipping. 
Also in N.Y. State please add appropriate sales tax. 
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Each tablet contains: Catapres®, brand of clonidine 


0.1 or 0.2 mg and chlorthalidone, 15 mg 
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Each tablet contains: 
Catapres®, brand of clonidine hydrochloride, 
0.1 or 0.2 mg and chlorthalidone, 15 mg and 





Catapres: 


(clonidine hydrochloride) 


contributes: 


Action at the vasomotor centers, 
as shown in animal studies—not 
arauwolfia derivative or a 
sympathetic blocker or a "false 
transmitter’ 
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Maximal blood pressure lower- 
ing without the weeks of delay 
common with the rauwolfia 
class of antihypertensives 


Significant blood pressure 
reduction without alteration 
of normal hemodynamic 
responses to exercise 


Mild and infrequent orthostatic 
hypotension 


Little orno change in renalblood 
flow and glomerular filtration 
rate 
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Reduced plasma renin activity 
and excretion of aldosterone 
and catecholamines (see 
Actions section) 





Com bines Catapres (clonidine hydrochloride) 
with a diuretic — the only major new 
combination antihypertensive in a decade 


Chlorthalidone 
contributes: 


Pharmacologic action similar 
to the thiazides 


Smooth, extended diuretic / 
antihypertensive effect 


Additive or potentiating effect 
on adjunctive antihypertensive 
agents 


The most common adverse reactions with 
Combipres are dry mouth, drowsiness, and 
sedation. As with thiazide-containing combi- 
nation antihypertensives, hypokalemia, hyper- 
uricemia, and decreased glucose tolerance 
may occur. Combipres is contraindicated in 
patients with known sensitivity to chlorthali- 
done and in those with severe renal or hepatic 
disease. 

Please see last page of advertisement fora 
brief summary of the prescribing information 
including precautions, warnings, and adverse 
reactions. 

See box Warning on next page concerning 
the appropriate use of Combipres. 
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Catapres®, brand of clonidine hydrochloride, 
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Works harder 


Usually exerts a more pronounced 
antihypertensive effect than either 
component alone in equivalent doses* 


Works broadly 


Wide therapeutic range—mild to 
severe hypertension 


Works . 
conveniently 


simplifies therapy for the hyper- 
tensive patient who needs more than 
one drug* 


Works for less 


Costs less than two separate 
prescriptions* 


Works and works 
and works 


Convenience and economy encour- 
age patients to stay on medication, 
help assure continued blood pressure 
control over the long course of 
therapy* 
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"WARNING Combipres is not indicated for 
initial therapy of hypertension. Hypertension 
requires therapy titrated to the individual 
patient. If the fixed combination represents 


the dosage so determined, its use may be 
more convenient in patient management. The 
treatment of hypertension is not static, but 
must be reevaluated as conditions in each 
patient warrant. 
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Mean Optimum Daily Dose 
Chlorthalidone (mg) 


Combipres (mg) 0.3 0.48 0.47 0.4 0.43 0.68 0.52 0.4 


No. of Patients 42 20 11 17 34 ' 9 31 
who completed study | X dc 


Study Tus ches 2 3 4 5 6 7 Pr. 
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. Guidelines for Titrating Catapres and 
. . Chlorthalidone Dosages: 

= Zhnitial doses: Catapres — one 0.1 mg tablet 


-twice daily. Chlorthalidone — 50 mg daily. 


pressure, should it occur, can be reversed by resump- 
tion of Combipres therapy or by intravenous phen- 
tolamine. Patients who engage in potentially 
hazardous activities, such as operating machinery or 
driving, should be advised of the sedative effect of 
the clonidine hydrochloride component. This drug 
may enhance the CNS-depressive effects of alcohol, 


Each tablet contains: Catapres®, brand of clonidine 
0.1 or 0.2 mg and chlorthalidone, 15 mg 





hydrochloride, 


Chlorthalidone: Symptoms such as nausea, gastric 
irritation, anorexia, constipation and cramping, weak- - 
ness, dizziness, transient myopia and restlessness 
are occasionally observed. Headache and impotence 
or dysuria may occur rarely. Orthostatic hypotension 
nas been reported and may be potentiated when 
chlorthalidone is combined with alcohol, barbiturates 


mv J DAE ; . ; ; ; barbiturates and other sedatives. Like any other 
~ — Dosage increments: While daily chlorthali- antihypertensive agent, Combipres should be used 


- —. done doses remain at 50 mg, further incre- Mu ou in aatients with severe coronary , 

COT RENTES oe insufficiency, recent myocardial infarction, cerebro- 

Mis ments of Catapres of 0.1 mg or 0.2 mg per vascular disease or chronic renal failure. 
= day can be made at intervals of 2 to 14 days As an integral part of their overall long-term care, 
Cow BRE ir j j patients treated with Combipres shoulc receive 

a foe tat en severity of hypertension. The pericdic eye examinations. While, except for some 

. usua daily dose of Catapres ranges be- dryness of the eyes, no drug-related abnormal oph- 
. tween 0.2 and 0.8 mg. Studies indicate that thalmological findings have been recorded with 
= 2.4 mg is the maximum effective daily dose, 


Catapres, in several studies the drug produced a 
but doses as high as this have rarely been 











or narcotics. Skin rashes, urticaria and purpura have | 
been reported in a few instances. : , 


A decreased glucose tolerance evidenced by hyper- — 
glycemia and glycosuria may develop inconsistently. - 
This condition, usually reversible on discontinuation 
of therapy, responds to control with antidiabetic 
treatment. Diabetics and those predisposed should 

be checked regularly. 


As with other diuretic agents hypokalemia may occur 
(see Precautions). Hyperuricemia may be observed 
on occasion and acute attacks of gout have been pre- 
cipitated. In cases where prolonged and significant 
elevation of blood uric acid concentration is consid- 
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dose-dependent increase in the incidence and 
severity of spontaneously occurring retinal degenera- 
tion in albino rats treated for 6 months or longer. 
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= used. ered potentially deleterious, concomitant use ofa 
DA j Patients predisposed toward or affected by diabetes uricosuric agent is effective in reversing hyperurice- 
A. should be tested periodically while receiving mia without loss of diuretic and/or antihypertensive 
do Combipres® Combipres, because of the hyperglycemic effect of activity. 

eb. ash taliatoóntalns: chlorthalidone. Idiosyncratic drug reactions such as aplastic anemia, 


thrombocytopenia, leukopenia, agranulocytosis, and 


Because of the possibility of progression of renal 0 ua 
necrotizing angiitis have occurred, but are rare. 


ig Catapres®, brand of clonidine hydrochloride, failure, periodic determination of the BUN is indi- 


-0.4 or 0.2 mg and chlorthalidone, 15 mg 














je cated. If, in the physician's opinion, a rising BUN is The remote possibility of pancreatitis should be con- 
pets WA s ; : significant, the drug should be stopped. sidered when epigastric pain or unexplained gastro- 
T orate This fixed combination drug is not The chlorthalidone component of Combipres may intestinal symptoms develop after prolonged 
— f indicated for initial therapy of hypertension. Hyper- d ; ; ^ administration. 
ET tension requires therapy titrated to the individual teed 10 soe lub ond. or Potessiu GARIA ar Neo 
ES patient it ihe fixed combination represents the lar weakness, muscle Cramps, anorexia, nausea, - Other adverse reactions which have been reported 
BUS | dosage so determined, its use may be more con- vomiting, constipation, lethargy or men:al confusion with this general class of compounds include: jaun- 
hu y may occur. Severe dietary salt restriction is not dice, xanthopsia, paresthesia and photosensitization. 
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| venient in patient management. The treatment of 
| hypertension is not static, but must be reevaluated 
as conditions in each patient warrant. 


recommended in patients receiving Combipres. 


Periodic determinations of the serum potassium 
level will aid the physician in the detection of hypo- 
kalemia. Extra care should be given to detection of 
hypokalemia in patients receiving adrenal cortico- 


Overdosage: Catapres (clonidine hydrochloride): - 
Profound hypotension, weakness, somnolence, - fee 
diminished or absent reflexes and vomiting followed 
the accidental ingestion of Catapres by several chil- 
dren from 19 months to 5 years of age. Gastric lavage 
and administration of an analeptic and vasopressor 


` Actions: Catapres (clonidine hydrochloride): The 
—— mechanism of action appears to be central alpha- 
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— . adrenergic stimulation as demonstrated in animal 
studies. This results in inhibition of bulbar sympa- 

. thetic cardioaccelerator and sympathetic outflow from 

i . the brain. Other studies in humans have provided evi- 

- ... dence of a reduction in plasma renin activity and the 

excretion of aldosterone and catecholamines. The 


-—. exact relationship between these pharmacologic ac- ` 


— . .tions of Catapres (clonidine hydrochloride) in humans 
. and its antihypertensive effect has not been fully 
„elucidated at this time. 

.. Chlorthalidone: The diuretic action of chlorthalidone 
.- 4s thought to be due to inhibition of sodium and 
- chloride reabsorption in the proximal tubule. 







|. Indication: The drug is indicated in the treatment of 
< .. hypertension (see box warning). 

..— . Contraindications: Patients with known hypersen- 

tn^ esit np to chlorthalidone and patients with severe 
renal or hepatic diseases. 

= Warnings: Tolerance may develop in some instances 


|... necessitating a reevaluation of therapy. 

 — Usage in Pregnancy: In view of embryotoxicity find- 
- —. ings in animals, and since information on possible 
-~ adverse effects in pregnant women is limited to 

- -— Uncontrolled clinical data, the drug is not recom- 
i ‘mended in women who are or may become pregnant 
.—— unless the potential benefit outweighs the potential 


steroids, ACTH or digitalis. Hypochloremic alkalosis 
often precedes other evidence of severe potassium 
deficiency. Frequently, therefore, more sensitive indi- 
cators than the potassium serum level are the serum 
bicarbonate and chloride concentrations. Also indica- 
tive of potassium depletion can be electrocardio- 
graphic alterations such as changes in conduction 
time, reduction in amplitude of the T wave; ST seg- 
ment depression; prominent U wave. These abnor- 
malities may appear with potassium depletion before 
the serum level of potassium decreases. To lessen 
the possibility of potassium deficiency, the diet, in 
addition to meat and vegetables, should include 
potassium-rich foods such as citrus fruits and 
bananas. If significant potassium depletion should 
occur during therapy, oral potassium supplements in 
the form of potassium chloride (3 to 4.5 gm/day), 
fruit juice and bananas should be given. 


Adverse Reactions: The most common reactions are 
dry mouth, drowsiness and sedation. Constipation, 
dizziness, headache, and fatigue have been reported. 
Generally these effects tend to diminish with contin- 
ued therapy. 


Clonidine hydrochloride: Anorexia, malaise, nausea, 
vomiting, parotid pain, mild transient abnormalities 
in liver function tests; one case of possible drug- 
induced hepatitis without icterus and hyperbilirubi- 
nemia in a patient receiving clonidine hydrochloride, 


led to complete recovery within 24 hours. Tolazoline 
in intravencus doses of 10 mg at 30-minute intervals 
abolishes all effects of Catapres overdosage. , 


Chlorthalidone: Symptoms of overdosage include 
nausea, weakness, dizziness, and disturbances of 
electrolyte balance. There is no specific antidote, but 
castric lavage is recommended, followed by suppor- 
t've treatment. Where necessary, this may include 
intravenous dextrose and saline with potassium 
administered with caution. 


How Supplied: Combipres® 0.1 (Each tablet contains 
clonidine hydrochloride, 0.1 mg + chlorthalidone, 

15 mg). It is available as pink, oval, single-scored 
compressec tablets in bottles of 100. 


Combipres® 0.2 (Each tablet contains clonidine 
hydrochloride, 0.2 mg + chlorthalidone, 15 mg). It is 
available as blue, oval, single-scored compressed 
tablets in bottles of 100. 


For complete details, please see full prescribing 
information. 
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~ risk to mother and fetus. 


LE Usage in Children: No clinical experience is avail- 
ee ... able with the use of Combipres in children. 


chlorthalidone and papaverine hydrochloride. Weight 
gain, transient elevation of blood glucose, or serum 
creatine phosphokinase; congestive heart failure, 
Raynaud's phenomenon; vivid dreams or nightmares, 
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-~ Precautions: When discontinuing Combipres, reduce. 


Boi the dose gradually over 2 to 4 days to avoid a pos- insomnia, other behavioral changes, nervousness, Ingelheim Ltd. 

he . sible rapid rise in blood pressure and associated sub- restlessness, anxiety and mental depression. Also t Y A 

-~ jective symptoms such as nervousness, agitation, rash, angioneurotic edema, hives, urticaria, thinning Under license from Boehringer Ingelheim GmbH  . 
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SYMPOSIUM 
Reperfusion During Acute Myocardial Infarction. Part | 
| Samuel Meerbaum, PhD, FACC and Eliot Corday, MD, FACC, Guest Editors 
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Introduction 


SAMUEL MEERBAUM, PhD, FACC 
ELIOT CORDAY, MD, FACC 


Los Angeles, California 


This Symposium appears at a time when there is sub- 
stantial disagreement relative to the potential bene- 
fits or hazards of reperfusion after acute coronary oc- 
clusion. The basic question to be answered is: How 
does reperfusion affect jeopardized ischemic myocar- 
dium? The decision as to whether or how long after 
onset of an evolving acute infarction revasculariza- 
tion should be instituted needs to be based on appli- 
cable pathophysiologic data. It is our hope that the 
investigations reported on in this Symposium will 
provide information that will help develop criteria 
for applications of reperfusion. 

There is increasing evidence that even after rela- 
tively brief periods of acute coronary occlusion the 
ischemic tissue is not capable of fully utilizing the 
blood reflow of reperfusion. Among possible mecha- 
nisms implicated in the reperfusion “no reflow” phe- 
nomenon are myocardial cell swelling, cell membrane 
dysfunction, interstitial edema and derangements of 
the coronary microcirculation. The degree of such 
reperfusion derangements and their consequences for 
global cardiac function depend on the preceding du- 
ration of ischemia. Studies quoted in this Symposium 
demonstrate that within 1 to 3 hours of acute coro- 
nary occlusion dysfunction in the ischemic myocar- 
dium is profound and may not be reversed by short 
periods of reperfusion. In fact, despite reestablish- 
ment of the patency of major coronary arteries, cardi- 
ac mechanical and metabolic function may not return 
for several hours, and hemorrhagic infarction may su- 
pervene. Thus, the early period of reperfusion is 
often associated with a state of hazardous metabolic, 
electrophysiologic and mechanical dysfunction, 
which might explain observed failures of surgical re- 
vascularization after acute myocardial infarction. On 
the other hand, current experimental studies indicate 
that 1 to 2 weeks of reperfusion, even after 3 to 4 
hours of coronary occlusion, can lead to a substantial 


Address for reprints: Eliot Corday, MD, Cedars-Sinai Medical Cen- 
ter, 4833 Fountain Ave., Los Angeles, Calif. 90029. 
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return of cardiac function and significant saving of | 


myocardium. 


Clinical results of revascularization performed dur- — 


ing acute infarction are extremely difficult to inter- 


pret, in part because of a lack of control subjects and — 
generally unsatisfactory classification of a complex . 


patient population into subsets suitable for data 
analysis. The rationale of applying bypass surgery is 


based on the expectation of saving jeopardized but . 


still viable ischemic myocardium by correcting a se- 
vere imbalance between regional myocardial oxygen- 
demands and supply. Histologic studies in man have 
indicated that a substantial portion of the acutely 


ischemic zone becomes necrotic if it remains untreat- | 
ed for 24 to 48 hours. Experimental studies have re- - 


vealed even earlier resolution of the fate of the jeo- 


pardized ischemic myocardium. Depending on the - 


mode and degree of coronary obstruction, the extent 
of preexisting collateral vessels and prevalent myo- 
cardial stress, irreversible damage to the subendocar- 
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dial layer of the ventricular wall is often noted with — 


coronary occlusion of 40 minutes or longer. Necrosis 
of as much as 60 percent of the regionally ischemic 


left ventricle may be expected in 3 to 4 hours of oc- - 
clusion, and 80 to 90 percent is lost after 24 hours of - 


occlusion. Thus, if therapy is to lead to significant — 


salvage of myocardium, it must be initiated between — 
40 minutes and 4 hours after the onset of acute in- - 
farction. This short period of myocardial viability 


presents a formidable clinical deadline to revascular- 


ization treatment of acute infarction. Temporary © 


pharmacologic or mechanical modes of treatment 


might be instituted to buy time and avoid serious 


myocardial damage until the surgical team can be. 


mobilized. 


The validity of transferring information from ani- — 
mal experiments to the clinical setting may be ques- — 
tioned. However, such data have often been useful in | 


elucidating related pathophysiologic mechanisms and 


providing guidelines for applying interventions. g 
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E There i is no shortage of research studies on reperfu- 
_ sion, but these have been plagued by a dearth of end 
_ points required to characterize explicitly and unequi- 
. vocably the processes of ischemia and infarction and 
- interventions. Inadequate markers hinder the defini- 
-tion of effectiveness of reperfusion, which otherwise 
' might serve as an ultimate control in comparative 
; evaluations of other modes of treatment. The hetero- 
f geneity of contributions to this Symposium reflects 
. the current patchy knowledge and variety of ques- 
. tions surrounding reperfusion. Although this Sympo- 
. sium may not resolve the central issues of criteria for 
- revascularization and optimal markers for its assess- 
. ment, the contributors share a common objective of 
Y providing new insights and clarifications. 
à Summary of Symposium Papers 


ra The Symposium begins with a brief paper by Krug, 
_ who has previously reported on coronary reperfusion 
E in cats. Utilizing hydrogen ion concentration in isch- 
E emic zone tissue as an end point, he presents indirect 
. observations of myocardial viability after acute oc- 
_ clusion of the proximal left anterior descending coro- 
nary artery. Reperfusion after 30 minutes of occlu- 
. sion resulted in full return to normal pH values. 
i After coronary occlusion exceeding 45 minutes, an 
“acid reaction” during the first minutes of reperfu- 
- sion indicated persisting ischemia, presumably due to 
-. the “no reflow” phenomenon. After 90 minutes of 
— reperfusion the reperfused region exhibited an “alka- 
- line reaction" (pH ~7.4), particularly in the subendo- 
- cardium, that correlated with enzymatic and histo- 
. logic alterations characteristic of myocardial necrosis. 
. After 180 minutes of coronary occlusion, the alkaline 
_ reaction was limited to a small border zone. 
The nature of the metabolic changes during the 
- first 2 hours of reperfusion was examined by Kane et 
al. in a series of pigs with 15 to 180 minutes of occlu- 
‘sion of the mid-left anterior descending coronary ar- 
— tery. Markers of myocardial viability included mito- 
- chondrial function, oxygen extraction, epicardial 
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2:  electrocardiographic S-T segments and distribution — 
of tritiated digoxin. Within the first minutes of re- 


. perfusion after 1 or more hours of coronary occlusion, 
x there were signs of hyperemia and improved regional 
- kinesis, but soon thereafter (15 minutes or more) the 
b ischemic zone became akinetic and noncompliant. 
_ After 2 hours of reperfusion following 1 hour of occlu- 
. sion, regional mitochondrial function was severely 
— impaired, myocardial oxygen extraction significantly 
p reduced and tritiated digoxin stratified. Kane et al. 
- noted that the S-T segments rose steeply after occlu- 
sion, but tended to return to control levels over 3 
“hours of coronary occlusion. Generally, epicardial 
_ S-T segment elevations in the ischemic zone dimin- 
-ished markedly with reperfusion, but after temporary 
occlusion in excess of 1 hour, the electrocardiogram 
- exhibited a distinct loss of R waves and significant Q 
waves. 
The problem of electrocardiographic and enzyme 
markers of myocardial ischemia or infarction is dealt 


ae 


T - » , 4 T F] 2 OMS ‘| 
Z4 v Mir] D Y, w"-* nf 
" , 2a ^ P = : > 
> ^, * t sh? ó 
E " > d À mi 
1 


with by Blumenthal et al., who performed open chest 
studies in dogs with 1 to 3 hours of occlusion of the 
left anterior descending coronary artery followed by 2 
hours of reperfusion. A correlation was established 
between the appearance of Q waves and a sharp rise 
in coronary sinus serum enzymes, creatine phosphok- 
inase (CPK) and glutamic oxaloacetic transaminase 
(GOT) after reperfusion. 'The usual delay in appear- 
ance of elevated enzyme levels and new Q waves after 
acute infarction does not necessarily indicate delayed 
necrosis; rather, it may simply reflect limited blood 
circulation within the ischemic region. Epicardial 
S-T segments most often returned to control levels 
after reperfusion, but in some instances decreased 
significantly during the preceding occlusion. Hence, 
the potential use of S- T segment elevation as a mark- 
er remains unclear. 'T'wo other experimental markers, 
namely, regional contraction force and reactive hy- 
peremia, proved useful in assessing the effectiveness 
of reperfusion after periods of coronary occlusion. 
Blumenthal et al. conclude that myocardial viability 
may be limited to less than 2 hours of occlusion. 

Sharma et al. provided ultrastructural evidence of 
myocardial derangements in the early phase of reper- 
fusion after coronary occlusion. Histochemical study 
of specially prepared tissue samples revealed that 1 
hour of reperfusion after 60 to 90 minutes of occlu- 
sion failed to return creatine phosphate toward con- 
trol levels, while adenosine triphosphate and total 
nucleotide concentrations decreased further. Elec- 
tron microscopic analysis indicated that the reperfu- 
sion resulted in swelling of sarcoplasmic reticulum, 
mitochondrial damage and gross contraction of myo- 
fibrils. Impairment of myocardial cell membranes 
was inferred from significant increases in coronary 
sinus blood enzyme levels noted immediately after 
reperfusion. 

Measurement of regional kettuni was employed 
by Puri in a study addressed to the important ques- 
tion of late versus early reperfusion after various pe- 
riods of coronary occlusion. Utilizing a strain gauge- 
tipped catheter probe that measures myocardial fiber 
shortening, Puri attempted to map the central and 
border zones of ischemia. He found that whenever 
myocardial blood flow was returned to the ischemic 
zone within 45 minutes, there was full and prompt re- 
sumption of contraction. With coronary occlusions 
lasting 1 hour, contraction returned gradually but 
completely after 2 weeks. With 2 or 3 hours of occlu- 
sion, only 60 to 75 percent of the reperfused zone was 
contracting after prolonged reperfusion. After 4 to 5 
hours of occlusion, even extended reperfusion failed 
to restore partial contraction. 

The effectiveness of reperfusion was studied in the 
intact conscious dog by Mathur et al. An implanted 
balloon cuff provided coronary occlusion for up to 5 
hours, and subsequent reperfusion was maintained 
for up to 7 days. Occlusion of the proximal left ante- 
rior descending coronary artery led to expected he- 
modynamic and metabolic derangements. Immedi- 
ately after reperfusion, following coronary occlusion 
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of more than 2 to 3 hours’ duration, Mathur et al. 
“noted striking and persistent arrhythmias, Q waves, 
hemodynamic dysfunction, regional left ventricular 
dyskinesia and diminished oxygen extraction. Infarct 
size was assessed and appeared to correlate with the 
duration of the occlusion. It was concluded that a 
reperfusion period of 1 week after more than 2 hours 
of occlusion in conscious dogs fails to prevent func- 
tional deterioration and is associated with a higher 
mortality rate. 

In a similar study performed by Costantini et al. an 
intracoronary occlusion-reperfusion model in anes- 
thetized dogs was used to investigate regional myo- 
cardial metabolism and detailed histopathology to 
provide insights into the effects of early and pro- 
longed (7 days) reperfusion. The early phase of reper- 
fusion following 3 hours of occlusion of the proximal 
left anterior descending coronary artery was charac- 
terized by persisting dysfunction, measured in terms 
of left ventricular ejection fraction, as well as by re- 
gional ischemic zone balances of oxygen, lactate and 
potassium. However, when compared with the per- 
sisting dysfunction and large infarcts observed in a 
control series with 7 days of permanent occlusion, 
there was an average 50 percent reduction in infarct 
size and return of cardiac function in animals under- 
going 7 days of reperfusion. However, Costantini et 
al. emphasize that one third of the reperfused hearts 
showed no reduction in infarct size. 

Corday et al. present evidence of functional and 
morphologic alterations in zones of the myocardium 
that are remote from an acutely ischemic region and 
are therefore often considered to be uninvolved. A 3 
hour occlusion of the left anterior descending coro- 
nary artery was found to be associated with metabol- 
ic derangements as well as microinfarction in the re- 
mote myocardium. Reperfusion did not seem to re- 
duce the number of microinfarcts. Since these remote 
segments of the heart are vital to global cardiac per- 
formance during infarction and revascularization, it 
is suggested that these zones should also be consid- 
ered jeopardized. 

Bolooki et al. address themselves to clinical evi- 
dence and supplement their study of patients with 
selected dog experiments. Utilizing left ventriculog- 
raphy for determination of left ventricular volume 
and ejection fraction, along with hemodynamic mea- 
surements and assessment of infarct size, they stud- 
ied in dogs occlusion of the left anterior descending 
artery lasting up to 4 hours followed by 7 days of re- 
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perfusion. Only hearts with coronary occlusion of less 


than 2 hours’ duration benefited from reperfusion. 


Reperfusion after 3 to 4 hours of occlusion resulted in 


infarcts and left ventricular dyskinesia equal to or — 
greater than those measured after a 7 day permanent 


occlusion. The patient population was subdivided 
into groups receiving revascularization within less 
than 4 or within 8 hours from the onset of acute myo- 
cardial infarction. Analysis of data was difficult, but 
it appeared to Bolooki et al. that after 4 hours from 


the onset of an acute myocardial infarction, reperfu- - 


e 


sion may no longer provide benefits and may even ~ 


precipitate hazardous derangements. 


The quantitative differences in the reported reper- - 
fusion data are not surprising in view of differences - 
in species and preparations (for example, open versus - 


closed chest) and the normally encountered variabili- 


ty in experimental studies of coronary occlusion. One | 
may conclude that in the dog derangements of the — 
myocardium will appear early during reperfusion — 
after 1 hour of occlusion, and that substantial irre- - 
versible damage must be expected when reperfusing — 
after 2 to 3 hours of occlusion. The first few hours of 
reperfusion are clearly critical since there is a limited | 
reflow, and severe derangements in mechanical and ~ 
metabolic function persist, together with ominous ar- - 
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rhythmias. Nonetheless, 1 to 2 weeks of reperfusion 
after occlusion of as long as 3 hours can generally - 
normalize function and provide substantial saving of. 


myocardium. | 
There are several clinical implications. The ob- 
served myocardial derangements of reperfusion after 


coronary occlusion may account for the variability of i 


results when clinical revascularization is applied dur- 
ing an evolving infarction. If such revascularization is 
to be effective, it must be started within a few hours 
of the onset of acute infarction. This raises practical 


questions relative to rapid mobilization of the angio- _ 


graphic-surgical team for earliest possible interven- 


tion. The studies of this Symposium indicate that | 


proper monitoring and medical treatment should be 


available throughout the early period of reperfusion, 


lest severe arrhythmias and functional derangements 


escalate to severe hypotension and cardiogenic shock. — 
In applying revascularization to an acute infarction, . 


treatment of viable but jeopardized myocardium be- 
comes a global task. Finally, reliable assessment of 


infarct size represents a major challenge that must be $ 
met to provide conclusions on the effects—and effec- 


tiveness—of reperfusion. 


Alterations in Myocardial 
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Alterations of hydrogen ion (H*) concentration in the myocardium of 
60 cats were determined before release of coronary ligation of 30, 45, 
60, 90 or 180 minutes' duration, or 5, 30 and 90 minutes after release 
of the occlusion, by pressing pH indicator paper on unfixed frozen 
heart sections. The H* concentration had clearly increased (pH <6.0) 
in a transmural extension in the left ventricle before release of the cor- 
onary ligature. This elevated H* concentration persisted some time in 
the subendocardial region despite release of the coronary occlusion, 
thus proving that the so-called no reflow phenomenon exists in in- 
volved myocardium after temporary coronary occlusion. A diminished 
H* concentration (pH 7.4) was found in the border zone between the 
acid-reacting area and the normal muscle when the coronary occlu- 
sion lasted 180 minutes before release of the ligature or 30 minutes 
after release of the occlusion when the previous period of temporary 
occlusion had been longer than 30 minutes. Although areas manifest- 
ing an acid reaction vanished or diminished in size after release of cor- 
onary occlusion, the extent of alkaline-reacting zones showed no re- 
duction in size, and muscle cell necrosis developed in these alkaline- 
reacting areas. It is assumed therefore that an alkaline reaction of the 
myocardium is an early sign of irreversible muscle cell damage. 


The possibility of surgical treatment of acute myocardial infarc- 
tion! has intensified interest in clarifying questions pertaining to the 
reversal of ischemic myocardial damage by revascularization. It has 
long been known that hydrogen ion (H*) concentration in the myo- 
cardium increases immediately after the onset of ischemia? and di- 
minishes later in the course of heterolytic processes.? In an attempt 
to answer some unresolved questions concerning these changes, we 
examined the alterations of H* concentration in involved myocar- 
dium after temporary coronary occlusion. 


Methods 


Sixty-three unselected cats, weighing 1.5 to 2.5 kg, were anesthetized with 
sodium pentobarbital (25 mg/kg body weight). The state of anesthesia was 
maintained by repeated injections of pentobarbital (10 mg/kg). Rectal tem- 
perature was determined by thermometer, and the experimental cats' tem- 
perature was maintained by electric blanket. Respiration was maintained 
through an endotracheal tube attached to a respirator pump. Left thoracoto- 
my and pericardiotomy were performed. In 60 cats the anterior descending 
branch of the left main coronary artery (together with the accompanying 
vein) was ligated 2 to 3 mm distal to its origin for a duration of 30, 45, 60, 90 
or 180 minutes. In these five groups, the beating heart was excised for study 
under four conditions: before release of coronary occlusion or 5, 30 or 90 min- 
utes after release of the ligature. Three animals were used in each group. 

The excised heart was frozen immediately, and cross sections, 40 yu thick, 
were cut from the unfixed tissue by cryostat. pH indicator paper (Merck AG, 
Darmstadt, West German Federal Republic) with pH ranges of 5.4 to 7.0 and 
6.8 to 8.0 was pressed onto just-thawing unfixed cryostat sections of the 
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hearts. In this way, the region of ischemic damage in the 
myocardium could be demonstrated immediately after the 
onset of ischemia by different degrees of discoloration of 
the pH indicator paper.*° 


Results 


Normal cardiac muscle had a pH value of approxi- 
mately 6.8. In the three control animals without coro- 
nary occlusion there were no zones with a hydrogen 
ion concentration that deviated from this figure. 


H* Before Release of Coronary Occlusion (Fig. 1) 
The hydrogen ion concentration rose (pH <6.0) in 


—. the anterior wall of the left ventricle in a transmural 


extension when the coronary occlusion lasted 30, 45, 
60 or 90 minutes (Fig. 1 and 2A). However, a dimin- 
ished H* concentration (pH 7.4) was found in a small 
border zone between the acid-reacting area and the 
normal heart muscle when the coronary occlusion 
lasted 180 minutes. 


H* After Release of Coronary Occlusion (Fig. 1) 


Occlusion of 30 minutes’ duration: No zones 
with an H* concentration that deviated from the 
normal pH value of 6.8 were found 5, 30 or 90 min- 
utes after release of the ligature (Fig. 1). 

Occlusions of 45 and 60 minutes’ duration: The 
acid-reacting region diminished significantly after re- 
lease of the coronary ligature and a change in Ht 
concentration took place in the inner third of the 
ventricular wall (Fig. 1). Although a continuing acid 
reaction was found subendocardially 5 minutes after 
release of the coronary ligature (Fig. 2B), 30 and 90 
minutes later, the inner third of the ventricular wall 
showed an alkaline reaction (pH 7.4, Fig. 2C). 

Occlusion of 90 minutes’ duration: The acid- 
reacting region was still diminished after release of 
the ligature but to a lesser degree than after tempo- 
rary coronary occlusions of 45 and 60 minutes’ dura- 
tion (Fig. 1). An acid reaction in the center of the an- 
terior wall and a broad alkaline-reacting border zone 
were found 30 minutes after release of the ligature 
(Fig. 2D). However, 90 minutes after release of the 
occlusion the entire inner half of the anterior ventric- 
ular wall had a diminished H* concentration (pH 
7.4). 

Occlusion of 180 minutes’ duration: The 
transmural area that showed H* alterations did not 
diminish after release of the coronary ligature (Fig. 
1). The H* concentration decreased in the entire an- 
terior wall of the left ventricle, but 5 and 30 minutes 
after release of the ligature there were still acid- 
reacting areas in the center of the anterior wall. This 
finding indicates that the alkalization of the previous 
acid-reacting zones took effect from the periphery to 
the center. However, 90 minutes after removal of the 
ligature the entire anterior wall produced an alkaline 
reaction (Fig. 2E). 


Discussion 
As these findings show, alteration of myocardial 
hydrogen ion concentration by ischemia can be de- 
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(A\ CROSS SECTION OF THE ANTERIOR WALL OF THE LEFT VENTRICLE 


T pH<6.0 | a 
Bl pH~7.4 (|. HYDROGEN ION CONCENTRATION OF THE MYOCARDIUM 
| | pH^6.8 | È 
FIGURE 1. Alterations of hydrogen ion concentration (recorded as 
pH value) in the myocardium of 60 cats after temporary coronary 
occlusion. Three animals were used in each of the 20 groups 
shown. a 


tected by freezing the tissue and pressing a just- 
thawing tissue section onto pH indicator paper. In 
this way the intracellular H* concentration can be 
determined because the freezing and thawing process 
destroys the cells. This procedure makes possible de- 
lineation in the heart of early myocardial infarction, 
which cannot be done by any other available meth- 
od. The H+ concentration rose markedly in a 
transmural extension of the anterior wall of the left 
ventricle after occlusion of the anterior branch of the 
left coronary artery. It has long been known that 
acidification takes place in the myocardium after the 
onset of ischemia because acid metabolites (predomi- 
nantly lactic acid) are accumulated during anaerobic 
glycolysis.? The data reported here show further that 
this acidification of the myocardium is reversible 
when the blood supply is reestablished by release of 
the coronary ligature. 

The acid-reacting areas vanished completely after 
release of coronary occlusion of 30 minutes’ duration 
or diminished significantly after release of coronary 
occlusion of 45 and 60 minutes’ duration. But the 
findings clearly show (Fig. 2B) that an acid-reacting 
area is still demonstrable subendocardially after re- 
lease of coronary occlusion of 45 minutes’ duration; 
that is, despite release of the coronary ligature, blood 
flow is not reestablished in these zones. This conclu- 
sion is possible because previous investigations?" 
have shown that blood flow is heavily disturbed and 
often nonexistent in myocardial areas with increased 
H* concentration. Therefore, in contrast to the opin- 
ion of Jennings et al.,? these findings prove the exis- 
tence of the so-called no reflow phenomenon? after 
temporary myocardial ischemia of only 45 minutes’ 
duration.’ This no reflow phenomenon indicates that 
there is persistent ischemia in involved myocardium. 
despite release of the coronary occlusion and that it 
may be an important cause of cell necrosis. Further 
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investigations are needed to determine whether this 
phenomenon is treatable. yc. | 
Myocardial alkalinity after coronary occlusion 
and reperfusion: Alkalization of the myocardium 
was found 180 minutes after coronary occlusion in 
the border zone between the normal muscle and the 
area with increased H* concentration or 30 and 90 
minutes after a temporary occlusion of 45, 60 or 90 
minutes’ duration. These alkaline-reacting areas did 
not vanish or diminish. The alkalization of the tissue 
is caused by penetration of plasma bicarbonate and 
heterolytic processes.?!? It was possible to show by 
histologic and enzyme histochemical methods that 
necrosis of the muscle cells occurs very rapidly in 
those zones that show an alkaline reaction, and myo- 
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This study examines the effect of 2 hours of reperfusion on transiently 
ischemic myocardium in pigs. Indexes of myocardial viability measured 
were mitochondrial function, oxygen extraction, epicardial S-T seg- 
ment change and distribution of tritiated digoxin. Results were as fol- 
lows: (1) Mitochondrial function was markedly impaired in the reper- 
fused area after 60 minutes or more of coronary occlusion. The defect 
would seem to be a block in electron flow near site |, which can be 
partially bypassed with succinate. (2) An apparent inability of the re- 
perfused myocardium to extract oxygen did not improve with 2 hours 
of reperfusion. (3) Epicardial S-T segment mapping suggested that ne- 
crosis occurred during reperfusion. (4) There was an altered distribu- 
tion of tritiated digoxin in the reperfused area. The results show that 
reperfusion for 2 hours did not improve myocardial viability after 60 
minutes or more of ischemia. 


Recent reports!-? have demonstrated that reperfusion of acutely isch- 
emic myocardium may be associated with deleterious effects. Some 
studies have demonstrated a “‘no reflow” phenomenon in transiently 
ischemic myocardium similar to that observed in the brain and kid- 
neys.^? Although earlier experiments have shown that a coronary ar- 
tery may be ligated for up to 3 hours before blood flow is restored 
without development of myocardial necrosis, more recent studies 
have suggested that reperfusion of an ischemic area alters the metab- 
olism of the ischemic myocardium and may even hasten necrosis.'? 
Thus, the optimal time for reperfusion of acutely ischemic myocar- 
dium and its effect on cardiac metabolism are not well established. 

In cardiac muscle the mitochondria, which make up at least 20 per- 
cent by dry weight of the cell consume oxygen to produce adenosine 
triphosphate (ATP) by oxidative phosphorylation. Adenosine tri- 
phosphate is then used by the myocardium as the energy source for 
contraction and other cellular functions.’ Previous studies have sug- 
gested that mitochondria are very susceptible to hypoxia.? Altered 
mitochondrial function, then, may be the mechanism of irreversible 
changes that take place in ischemic myocardium.? The purpose of 
this study was to examine mitochondrial function, myocardial oxygen 
extraction, epicardial S-T segment mapping and distribution of tri- 
tiated digoxin in myocardium made transiently ischemic and then 
reperfused. 


Methods 


Pigs were chosen as the experimental model because the major coronary 
distribution, collateral circulation and blood supply to the conduction system 
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are virtually identical to those of man.!0-12 Forty-six ma- 
ture farm pigs of either sex, weighing 70 to 120 lb, were 
‘fasted for 18 hours and then anesthetized with 6 percent 
pentobarbital administered intravenously. A tracheostomy 
was performed and respirations maintained with a Harvard 
pump using room air supplemented with 100 percent oxy- 
gen to maintain the arterial partial pressure of oxygen 
(PaOs) over 100 mm Hg. A midline sternal splitting thora- 
cotomy was performed and the heart suspended in a peri- 
cardial cradle exposing the distribution of the left anterior 
descending coronary artery. Central aortic and left ventric- 
ular pressures and lead II of the electrocardiogram were 
continuously monitored: 

The left anterior descending coronary artery was revers- 
ibly occluded, with use of a nontraumatic rubber ligature, 
at its midportion after the first or second diagonal branch 
for intervals of 15 to 180 minutes. Complete occlusion in 
each case was evidenced by the appearance of a nonpulsa- 
tile, nondistended artery distal to the occlusion and non- 
distended veins draining the ischemic area, and by the im- 
mediate appearance of cyanosis and bulging of the ischemic 
segment. Forty-two animals then had reperfusion of the 
ischemic zone of the myocardium for an additional 2 hours. 
Four animals underwent coronary occlusion for 180 min- 
utes without reperfusion. The coronary vein was preserved 
in each case and not ligated. 

Ventricular arrhythmia secondary to coronary occlusion 
was treated with minimal effective doses of lidocaine or 
electrical countershock using an American Optical defibril- 
lator set at 30 to 50 watt seconds. Although no attempt was 
made to heparinize the animals, 1,000 to 2,000 units of hep- 
arin was placed in each liter of flush solution for the arteri- 
al lines. 

Epicardial S-T segment mapping was performed every 
30 minutes over three areas of normal left ventricle and 
five areas of ischemic tissue with use of a soft spring steel 
electrode with a spherical silver tip. This electrode had a 
surface area contact of 2 mm and caused minimal pressure 
artifact. S-T segment elevation and R wave amplitude were 
quantitated in nine animals. 

Blood samples for determining oxygen content and pH 
were obtained from the large coronary vein draining the 
ischemic area just before occlusion and then serially during 
the reperfusion period in nine animals. These were com- 
pared with simultaneously obtained samples from the left 
ventricular chamber. 

After release of the ligature, 0.5 mg of tritiated digoxin 
was injected intravenously to serve as a marker of blood 
flow and perhaps as a measure of cellular viability in the 
area of ischemia.!?:4 

At the end of each 2 hour period of reperfusion, 2.5 to 5 
cc of 10 percent alphazurine 2G blue dye was injected in- 
travenously in order to identify areas of the myocardium 
that were not well perfused. This dye stained perfused and 
presumably viable tissue a vivid blue and was not taken up 
by ischemic tissue.!? Immediately after injection of the dye, 
the heart was removed from the chest and taken to the cold 
room where samples were excised from normal and reper- 
fused areas of the left ventricle using the surface anatomy 
and dye staining as guidelines. 

The tissue samples were minced and homogenized by 
methods similar to those previously outlined.!6 Mitochon- 
dria were separated and suspended in a medium containing 
0.25 molar sucrose; 0.001 molar neutralized ethylenedia- 
minetetraacetic acid (EDTA); 0.01 molar Tris buffer at pH 
7.4; 7.5 millimolar potassium phosphate at pH 7.4; and 0.01 
molar substrate in a final volume of 3 ml. Either glutamate 
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FIGURE 1. Mitochondrial oxygen consumption in watoms (ordinate) 
using glutamate substrate during state 3 respiration in 26 animals. 
Mitochondria from normal areas of the left ventricle (open bars) are 
compared with mitochondria from reperfused areas (dotted bars) 
The occlusion period was 15 to 180 minutes. All animals had 120 
minutes of reperfusion. n = number of animals; STD. DEV. = stan- 
dard deviation. 


(0.01 molar), succinate (0.01 molar) or a mixture of pyruvic 
acid (0.005 molar) and L-malic acid (0.005 molar) was used 
as a substrate (this latter combination being referred 
to as malate). Oxidative phosphorylation studies were per- 
formed in duplicate by a polarographic method!” and were 
completed within 90 minutes after the death of the ani- 
mals. Adenosine diphosphate (ADP) was added to each 
reaction mixture to give a rapid burst of state 3 respiration 
In six animals, dinitrophenol (final concentration 6 X 10~* 
molar) was used as an uncoupler of respiration and olig- 
omycin (final concentration 3 X 10795 molar) added as ar 
inhibitor of phosphorylation. In each experiment, mito: 


. chondria from the normal areas of the left ventricle were 


tested simultaneously with mitochondria from the bie | 
fused area. 

Indexes of mitochondrial function obtained were: ni 
chondrial oxygen consumption in „atoms of oxygen con 
sumed per milligram of mitochondrial protein per minute 
during state 3 respiration, a measure of the electron trans: 
port capability!8; ADP:O ratio, the ratio of umoles of aden. 
osine diphosphate phosphorylated to atoms of oxygen con: 
sumed, a measure of efficiency of adenosine triphosphate 
production!?; and respiratory control ratio, the ratio of oxy 
gen consumed in the presence of adenosine diphosphate t« 
oxygen consumed after complete phosphorylation of tht 
adenosine diphosphate, a measure of tightness of cou 
pling.!? Mitochondrial protein content was determined b 
a standard method?? with attempts being made to achiev: 
2 mg/ml of mitochondrial protein. Adenosine diphosphati 
assays were determined spectrophotometrically.?! Tissu 
and serum tritiated digoxin levels were measured as pre 
viously described.?? 


Results "d 


General observations: After coronary occlusion 
myocardium supplied by the left anterior descendiny 
coronary artery ceased contracting, became cyanotii 
and bulged within seconds. These changes persiste 
throughout the occlusion. Arterial blood pressure 
heart rate and left ventricular end-diastolic pressuri 
were not significantly different from control values. — 

After release of the ligature and reperfusion, thi 
distal left anterior descending coronary artery be 
came distended. The reperfused epicardium lost it 
cyanotic appearance within 30 seconds to 1 minute i o 
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FIGURE 2. Respiratory control ratios (RCR) determined with use of 

: te substrate in 25 animals. Mitochondria from normal areas 

of the left ventricle (open bars) are compared with mitochondria 

from reperfused areas (dotted bars). The occlusion period was 15 to 
180 minutes. All animals had 120 minutes of reperfusion. 
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FIGURE 4. Oxygen consumption during state 3 respiration of mito- 
chondria from normal areas of the left ventricle (open bars), and 
areas of the left ventricle with 180 minutes of occlusion and 120 
minutes of reperfusion (dotted bars) is compared with that of mito- 
ndria from animals that had 180 minutes of occlusion but no re- 
perfusion (striped bars). Determinations were made with use of glu- 
tame te and malate substrates. 


release of occlusion and became hyperemic when 
compared with normal areas of the left ventricle. 
1 lging of the involved segment likewise diminished 
within 30 seconds to 1 minute; however, over a period 
of 5 to 15 minutes the muscle became akinetic and 
firm rather than regaining contractile function. Re- 
perfusion for 2 hours did little to change the gross ap- 
pearance. 

- After removal of the heart, the reperfused area 
'ould be recognized by its firm texture as opposed to 
he soft and pliable texture of normal myocardium or 
Y yocardium from hearts with 180 minutes of occlu- 
sion and no reperfusion. 

E Mitochondrial function: Figure 1 shows the ef- 
ect of different periods of occlusion on mitochon- 
J ial oxygen consumption by mitochondria from nor- 
mal and reperfused areas of the left ventricle, as de- 
ermined with use of glutamate substrate in 26 ani- 
mals. After 15 to 30 minutes of occlusion, there was a 
slight decrease in oxygen consumption in the reper- 
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FIGURE 3. ADP:O ratios determined with use of glutamate substrate 
in 25 animals. Mitochondria from normal areas of the left ventricle 
(open bars) are compared with mitochondria from reperfused areas 
(dotted bars). The occlusion period was 15 to 180 minutes. All ani- 
mals had 120 minutes of reperfusion. 
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GLUTAMATE SUBSTRATE 
FIGURE 5. Mitochondrial oxygen consumption in atoms determined 
with use of glutamate substrate during phosphorylation (addition of 
adenosine diphosphate [ADP]) and uncoupling (addition of dinitro- 
phenol [DNP]) in normal and reperfused preparations. Rates are 
similar with adenosine diphosphate and dinitrophenol in normal and 
in reperfused mitochondria. 


fused mitochondria (P «0.05) (Student's t test). By 
60 minutes the difference was highly significant (P 
«0.001). Further impairment was evident with longer 
periods of occlusion. Studies with malate substrate 
gave similar results. Figure 2 shows the results of dif- 
ferent periods of occlusion on the respiratory control 
ratio again with use of glutamate substrate. Although 
there was little difference after 15 to 30 minutes of 
occlusion, occlusion periods longer than 60 minutes 
resulted in a significant decrease in the respiratory 
control ratio (P «0.001). ADP:O ratios, a measure of 
efficiency of adenosine triphosphate production, 
were not significantly different even with occlusion of 
up to 3 hours (Fig. 3). That reperfusion itself may 
have contributed to an inhibition of oxidative phos- 
phorylation is shown in Figure 4, which compares 
oxygen consumption of mitochondria from normal 
and reperfused tissue with that of mitochondria from 
animals that had identical periods of occlusion (180 
minutes) but did not undergo reperfusion. When 
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FIGURE 6. Simultaneous oxygen electrode tracings showing oxygen 
consumption by mitochondria from normal and reperfused myocar- 
dium in glutamate substrate. The occlusion period was 120 minutes. 
Addition of succinate markedly increased oxygen consumption in 
both normal and reperfused preparations. Oligomycin was added in 
a final concentration of 3 X 1078 molar as an inhibitor of phospho- 
rylation. ADP = adenosine diphosphate; ADP:O = ratio of micro- 
moles of adenosine diphosphate phosphorylated to atoms of oxygen 
consumed; RCR = respiratory control ratio. 


09 RATE = .275 


studied with either glutamate or malate substrate, 
mitochondrial function was worse in the reperfused 
tissue (P «0.005). 

In six animals dinitrophenol (final concentration 6 
X 107? molar) was used as an uncoupler of respira- 
tion (Fig. 5). The rate of oxygen consumption was the 
same during phosphorylation (addition of adenosine 
diphosphate) or uncoupling (addition of dinitrophe- 
nol) in the normal mitochondria. Oxygen consump- 
tion was much less in the reperfused mitochondria 
but the rates were the same during phosphorylation 
or uncoupling. Results were similar in studies with 
malate substrate. 

The diminished mitochondrial oxygen consump- 
tion and results with dinitrophenol as an uncoupler 
of respiration suggested that mitochondrial dysfunc- 
tion was caused by a block in electron flow. Based on 
the theory that the block might be located at site I, 
succinate was used as a substrate either singly or in 
combination with glutamate and malate to attempt 
to bypass the electron transport chain block. Figure 6 
illustrates the results obtained when succinate was 
used as a substrate in combination with glutamate. 
Figure 7 shows the oxygen consumption of mitochon- 
dria in seven such experiments together with data for 
succinate and glutamate used alone. The combina- 
tion of glutamate and succinate resulted in a total 
oxygen consumption that significantly exceeded the 
sum of that produced individually by these sub- 
strates in mitochondria from normal (P «0.01) or 
reperfused (P «0.001) myocardium. Of particular in- 
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FIGURE 7. Oxygen consumption by normal reperfused mitochondria 
after addition of adenosine diphosphate (ADP) is compared using 
succinate and glutamate alone or in combinations as substrates. 
Adenosine triphosphate (ATP)-linked oxygen consumption is indicat- 
ed by the hatched bars. Although total oxygen consumption is. in- 
creased in both preparations by the addition of succinate, adenosine 
triphosphate-linked oxygen consumption was significantly greater 
with a combination of substrates in reperfused mitochondria. 
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TABLE | 


Regional Coronary Venous Oxygen and Arteriovenous 
Oxygen Difference During Reperfusion 





Arteriovenous 





Minutes 0, Difference* 
After Coronary Venous 0, (% saturation, 
Reperfusion (mm Hg, mean + SD) mean + SD) 
Control 1 26.0 + 10.1 53.0 + 19.0 
5 48.2 + 5.9 31.5 + 14.0 
30 85.7 + 28.7 4.8 + 3.2 
60 79.0 + 14.9 3.9 + 2.9 
90 91.1 + 19.0 J.9 £2 
120 83.0 + 23.3 4.6 + 3.1 


* Difference in oxygen saturation of coronary venous ang 
left ventricular chamber samples. 

tBefore occlusion. 

O, = oxygen; SD = standard deviation. 





terest is that the combination of substrates yielded 
more adenosine triphosphate-linked oxygen con- 
sumption* than was obtained, in sum, by the two 
substrates individually in mitochondria from reper- 
fused myocardium (P «0.01). In the mitochondria 
prepared from normal myocardium, the sum of aden- 
osine triphosphate-linked oxygen consumption with 
the individual substrates is the same as that pro- 
duced by the combination of succinate plus gluta- 
mate. The enhancement of total oxygen consumption 
and adenosine triphosphate-linked oxygen consump- 


* Adenosine triphosphate-linked oxygen consumption was calcu- 
lated by the difference in oxygen consumption before and after addi- 
tion of adenosine diphosphate or by the difference between oxygen 
consumption with adenosine diphosphate and oligomycin. 
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_ tion was not seen in experiments using succinate in 
.. combination with malate. 

» . Myocardial oxygen extraction: There was a 
highly significant rise in oxygen tension in the coro- 
| mary vein draining the reperfused area with a reduc- 
.. tion in arteriovenous oxygen difference (Table I). 


_ Grossly, the veins draining the reperfused area be- 


^. came red 5 to 10 minutes after reperfusion indicating 


F v 


_ that they were carrying arterialized blood. These 
- findings persisted throughout the 2 hour period of 
.. reperfusion. 

-~ Epicardial S-T segment mapping: S-T segments 
. were elevated in the ischemic area within minutes of 
= occlusion but drifted toward control values later dur- 
. ing the occlusion period (Fig. 8). Within 30 minutes 
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—. TABLE II 
-Epicardial S-T Segment Elevation and R Wave Over 


_ Involved Myocardium During Coronary 
clusion and Reperfusion 
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PL S-T Segment 
E Elevation (mm)  R Wave (mm) 
po (mean « SD) (mean + SD) 
- Control (before occlusion) 0 9.4 + 3:7 
^ Minutes after occlusion 
EC d5 8:14 3.3 44.1 + 12.2 
130 16.3 + 7.1 31.2 x 13.1 
mU. 60 17.1 + 5.7 17.6 « 9.8 
- 90 14.8 « 8.1 9.6 + 8.3 
120 11.2 + 5.5 6.3 « 7.9 
. Minutes after reperfusion 
Es 15 3.2 + 2.0 0.6 + 1.0 
B0 1.0 + 0.7 0 
ga: 60 0 0 
D. 90 0 0 
120 0 0 








au 


a ; Abbreviations as in Table I. 
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_ FIGURE 8. Sum of S-T segment elevation obtained by epicardial 
. mapping over five areas of ischemic myocardium and representative 
. electrocardiogram during occlusion and reperfusion. Note return of 
EL segment to control levels and loss of R waves during reperfu- 
} ion. 
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of reperfusion, S-T segments returned to normal but 
there was a striking loss in R waves over the reper- 
fused area with formation of significant Q waves. Re- 
sults for nine animals are presented in Table II. 
There were no significant differences in results ob- 
tained from epicardial leads monitored at the mar- 
ginal area of reperfusion. 

Tritiated digoxin distribution: There were 
marked abnormalities in tritiated digoxin uptake in 
the reperfused area (Fig. 9) compatible with a failure 
of the reperfused myocardium to bind tritiated di- 
goxin that was distributed to the area of decreased 
blood flow after reperfusion. Although there was lit- 
tle difference in the 15 to 30 minute occlusion group, 
in the groups with 60 minutes or more of coronary oc- 
clusion there was a highly significant decrease in tri- 
tiated digoxin concentration in the reperfused tissue 
(P «0.001). Poor uptake of alphazurine dye also oc- 
curred in the reperfused area in animals with 60 min- 
utes or more of coronary occlusion. 


Discussion 


Our results show that a severe metabolic derange- 
ment occurs in myocardium made ischemic for more 
than 60 minutes and then reperfused for 2 hours. 
There was marked functional impairment of mito- 
chondria isolated from the reperfused area as com- 
pared with mitochondria from normal left ventricular 
tissue. Occlusion times greater than 60 minutes ap- 
peared to result in irreversible changes. The near 
normal ADP:O ratios with a decreased oxygen con- 
sumption are compatible with inhibition of phos- 
phorylation rather than uncoupling and suggest a 
block in electron flow. The use of an uncoupler, dini- 
trophenol, confirmed that there was a block in elec- 
tron flow. In mitochondria from reperfused myocar- 
dium a significant increase in total and adenosine tri- 
phosphate-linked oxygen consumption occurred with 
either succinate or succinate and glutamate sub- 
strates together, suggesting the block can be partially 
bypassed with succinate. The site of the block would 
thus seem to be near site I of the electron transport 
chain. 

The increase in coronary venous oxygen tension 
and reduction in arteriovenous difference in the coro- 
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FIGURE 9. °H-digoxin concentration (ng digoxin/g wet tissue) in nor- 
mal (open bars) and reperfused (dotted bars) myocardium is com- 
pared in 23 animals with 15 to 180 minutes of coronary occlusion 
and 120 minutes of reperfusion. : 
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nary vein draining the reperfused area is compatible 
with arteriovenous shunting or, more likely, failure of 
the reperfused area of the left ventricle to extract 
oxygen. These findings correlated well with impaired 
mitochondrial function from this same area. 

The results of epicardial S-T segment mapping 
show the reperfusion of ischemic myocardium was as- 
sociated with a return of elevated S-T segments to 
control levels. However, formation of significant Q 
waves and impaired mitochondrial function in the 
reperfused area suggest the persistence of severe 
damage. Measurement of epicardial S-T segment 
changes alone did not indicate the true status of the 
myocardium after reperfusion. Formation of Q waves 
during reperfusion also suggests that accelerated 
damage may have occurred during the reperfusion 
period. 

The failure of reperfused tissue to accumulate tri- 
tiated digoxin or vital dye may simply indicate a fail- 
ure to restore blood to the area, or may be a further 
reflection of cellular damage. Impairment of mito- 
chondrial function correlated with the altered distri- 
bution of tritiated digoxin and poor uptake of alpha- 
zurine 2G blue dye. Other investigators!? have also 
reported a marked alteration in distribution of *H- 
digoxin or radioactive microspheres?? by an infarcted 
and ischemic left ventricle and have suggested that 
3H-digoxin is a marker of blood flow. Although our 
study did not attempt to measure ?H-digoxin concen- 
tration in the inner and outer layers of the left ven- 
tricular wall, it was evident from staining by the al- 
phazurine dye that there was a marked defect in re- 
gional blood supply to the middle layers of myocar- 
dium, with the epicardium and endocardium general- 
ly staining evenly after reperfusion. These findings 
indicate a disturbance in circulation, especially to the 
innermost layers of the left ventricular wall, that per- 
sists after reperfusion. The abnormal mitochondrial 
function demonstrated in this area is therefore most 
likely the result of inadequate tissue perfusion with 
persisting ischemia. 

These results agree with those reported by other 
observers. Krug,? using cats in reperfusion experi- 
ments, found that there were ischemic areas in the 
inner layer of the heart that could not be reperfused 
after coronary ligation of 30 to 45 minutes. Copeland 
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et al.7 showed that there were morphologic changes in 


dog heart mitochondria after 45 minutes of anoxia | 


and that these changes were not reversed by up to T 
hours of reperfusion. Jennings et al.25 likewise noted 
ultrastructural change and marked functional abnor- 
malities in mitochondria isolated from ischemic dog 
papillary muscle after 60 minutes of coronary occlu- 
sion. Recently Lang et al! reported profound 
changes in hemodynamics, metabolic function and 
morphologic structure in dog hearts after 3 hours of 
coronary occlusion followed by 5 hours of reperfu- 


sion. They concluded that reperfusion may not re- . 


verse hemodynamic and metabolic disorders induced 


by 3 hours of occlusion and that reperfusion may . 


even have a detrimental effect, resulting in accelerat- 


ed necrosis and deterioration of function. Banka et . 
41.26 demonstrated accentuation of contractile abnor- . 
malities after 2 hours of occlusion that appeared irre- - 


versible with reperfusion. 


In summary, this study shows by a number of dif- 
ferent measurements that reperfusion of transiently 


ischemic myocardium for 2 hours does not restore 


V ME 


significant myocardial viability in that area. Mito- - 


chondrial function was markedly impaired after 60 


minutes of coronary occlusion. The defect would ; 
seem to be a block in electron flow near site I that can 
be partially bypassed with use of succinate. There . 


was an apparent inability of the reperfused myocar- 


dium to extract oxygen as evidenced by an increase in | 
coronary venous oxygen tension and a decrease in ar- — 


teriovenous oxygen difference. Epicardial S-T seg- 


ment mapping provided evidence of necrosis during © 
reperfusion, and there was a markedly altered distri- . 


bution of tritiated digoxin and vital dye in the reper- 


fused area compatible with a disturbance in blood . 


flow or cellular integrity. 


Clinical implication: If these results are applica- . 
ble to the acutely infarcted myocardium in man, they . 


suggest that revascularization for 2 hours or more will | 


not salvage ischemic myocardium. Thus, the results 


of early surgical intervention as treatment for acute - 


ischemia must be critically evaluated. 
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After less than 1 hour of coronary arterial occlusion, the myocardium - 
suffers irreversible changes as revealed by electron microscopy. Yet, - 
the earliest clinical laboratory indexes of myocardial infarction—ele- — 
vated serum enzyme levels and significant Q waves on the electrocar- — 
diogram—are not detected until at least 6 hours after coronary occlu- — 
sion. To study the early period after coronary occlusion in the dog, oC- — 
clusion of the left anterior descending coronary artery for 1 to 3 hours 
was followed by release, and coronary sinus and venous enzyme lev- — 
els, the electrocardiogram and myocardial contractility from the in- 
farcted area, and reactive hyperemia were monitored. Coronary sinus — 
enzyme levels rose within 15 minutes after release of occlusion in half - 
of the experiments with 1 to 1 1/2 hours and in all of those with 2 to 3 
hours of occlusion, and this rise preceded the rise in venous levels by 
only 10 to 20 minutes. Significant Q waves appeared 15 to 30 minutes 
after release of occlusion as the serum enzymes were increasing. - 

Thus, clinically, the delayed appearance of increased serum enzymes 74 
and significant electrocardiographic Q waves is probably largely due to 
a lack of circulation in the infarcted area rather than to prolonged sur- 
vival time. Also, the venous enzyme level reflects the coronary sinus 
level minutes later. The presence of viable myocardium in the infarcted — 
area was suggested by elevation of the S-T segment upon reclamping, | 
and by residual myocardial contractility and retained capacity for reac- . 
tive hyperemia. These findings occurred in some experiments evenin 
the presence of a significant Q wave. | 
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Coronary artery bypass surgery is still seeking its proper position in - 
relation to traditional medical management of coronary artery dis- . 
ease. One area of current discussion is the applicability of this proce- - 
dure to acute myocardial infarction.! After experimental coronary oC- 
clusion, the myocardium has been shown by electron microscopy to - 
be irreversibly damaged in 1 hour or less.? Yet the accepted clinical ` 
laboratory criteria—elevation of serum enzyme levels and appearance - 
of significant electrocardiographic Q waves—do not appear for many 
hours after coronary occlusion. Clearly, more knowledge of the gene- 
sis of these indexes is required. Es 
Previous studies of acute experimental coronary occlusion have | 
confirmed the delay in appearance of elevated serum enzyme levels - 
and electrocardiographic Q waves. The loss of enzymes from the myo- a 
cardium after coronary arterial occlusion has been monitored in three ~ 
ways: (1) Serum levels have been measured in delayed occlusion ex- i 
periments, in which a loop is placed around a coronary artery and : 
closed 1 week later after the surgically induced increase in serum en- - 
zymes has subsided. (2) Serum levels have been determined after | 
bead embolization of a coronary artery in closed chest dogs, thus — 
avoiding any rise in enzyme levels due to operation; and (3) myocar- — 
dial enzyme content has been determined at different intervals after 3 
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_ . FIGURE 1. Serum enzyme levels in five sham-operated dogs. 


-. . Values are expressed as mean + standard error of the mean. 
hi Serum glutamic oxaloacetic transaminase (SGOT) in international 
K 
X 


. Units and serum creatine phosphokinase (CPK) in Sigma units are 
~ Plotted against time from start of operation (C). 



















_ coronary occlusion. In delayed occlusion, serum glu- 
- tamic oxaloacetic transaminase (GOT) and creatine 


14 


_ phosphokinase (CPK) levels begin to rise in 4 to 6 


~ hours and peak in 18 to 28 hours.?-? With bead em- 
~ bolization, which causes microinfarcts, serum GOT 
elevation appears earlier, in 3 to 5 hours, and also 
= peaks sooner, in 9 to 23 hours.^ After coronary arte- 
= rial ligation, myocardial GOT content begins to de- 
-. crease in 4 hours and is reduced only 40 to 50 percent 
- . in 24 hours.?? The known delay in the development 
- of significant Q waves after myocardial infarction 
— prompted Prinzmetal et al.!° to defer their experi- 
-— ments on Q wave genesis for 11 to 139 hours after 
coronary occlusion. 

— The work reported here was designed to help ex- 


dm ^ 


= plain the delay in appearance of these laboratory in- 
= dexes of myocardial infarction in relation to the early 
_ electron microscopic findings of irreversible damage. 
— In acute experiments, with use of a stop-flow tech- 
. nique and sham-operated controls, coronary sinus 
E and venous enzyme levels and the emergence of sig- 
-nificant electrocardiographic Q waves were assessed 
_ during and after release of coronary occlusion of 1 to 
3 hours’ duration. In addition, the preparation per- 
mitted study of the indexes of myocardial ischemia: 
__§-T segment elevation in the electrocardiogram, con- 


"H 


- tractility of the myocardium supplied by the occlud- 
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TEF 


- ed vessel, and reactive hyperemia after release of oc- 
-. clusion. The preliminary results have been reported 
Be previously.!! 
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E _ Acute experiments were performed in 25 dogs weighing 
18 to 21 kg; 20 were subjected to coronary occlusion, and 5 
— served as sham-operated controls. Each animal was anes- 
—— thetized with intravenously administered sodium pento- 
— barbital, 30 mg/kg body weight, and placed in the left 
.. oblique position. With use of artificial ventilation through 
. a tracheal cannula, the chest was entered by block resec- 
tion of a portion of the chest wall including the left third, 
_ fourth and fifth ribs. As little traumatized tissue as possi- 
. ble was left in the animal so that there would be minimal 
. release of enzymes from injured skeletal muscle into the 


circulation. 







E 


ELI 


"Ty N 


The pericardium was incised and the heart suspended in 
a pericardial cradle. A segment of the left anterior descend- 
ing coronary artery was dissected and a snare of thin rub- 
ber band was placed around it in 14 dogs including the 5 
sham-operated dogs. In 11 experiments the left anterior de- 
scending artery was cannulated and perfused from the left 
carotid artery. In the latter group, blood flow was measured 
with an electromagnetic flowmeter (Biotronex model 
BL310) using an extracorporeal flow transducer interposed 
in the perfusion circuit. A Walton-Brodie strain gauge was 
sutured to the epicardium to record myocardial contractili- 
ty of an area supplied by the left anterior descending ar- 
tery. In this same area, a plunge electrode made of Teflon®- 
coated stainless steel wire, 0.01 mm in diameter with a 0.5 
mm bare tip, was inserted subepicardially to record a uni- 
polar electrocardiogram. 

A modified Morawitz cannula was introduced through 
the left external jugular vein and ligated in the coronary 
sinus. The coronary sinus blood returned to the right atri- 
um through a cannula inserted into the right external jugu- 
lar vein. A T tube interposed in the circuit allowed sam- 
pling of the coronary sinus blood. A cannulated femoral 
vein permitted sampling of systemic venous blood and ad- 
ministration of drugs. All animals were given heparin, 10 
mg/kg. In later experiments, lidocaine, 20 to 50 ug/kg per 
min, was infused intravenously for up to 15 minutes imme- 
diately after coronary occlusion and release to reduce the 
incidence of serious ventricular arrhythmias. A femoral ar- 
tery was cannulated and attached to a Statham transducer 
(model 23AC) to measure arterial blood pressure. 

Recordings were made on a Beckman Dynograph (type 
R) with two motor drives. Arterial blood pressure, blood 
flow in the left anterior descending coronary artery and 
myocardial contractility were recorded continuously at a 
paper speed of 25 mm/min. On two additional channels, 
tracings of myocardial contractility and the electrocardio- 
gram were recorded intermittently at a paper speed of 25 
mm/sec. Heart rate was measured from the electrocardio- 
gram. 

Before operation, a clotted venous blood sample was ob- 
tained. After operation, paired samples of coronary sinus 
and systemic venous blood were drawn at 30 to 60 minute 
intervals. In 20 animals the left anterior descending artery 
was occluded for 1 to 3 hours, and then the occlusion was 
released. Paired blood samples were obtained every 30 to 
60 minutes after occlusion, and more frequently after re- 
lease. In the five sham-operated control animals, paired 
samples were drawn at hourly intervals after operation. All 
blood samples were assayed for serum GOT and CPK 
levels by spectrophotometric methods.!?!? The coronary 
sinus and systemic venous enzyme levels were plotted 
against time in each experiment, and the slope of each 
curve before release of occlusion was compared with the 
slope after release, using the analysis for the fitted least- 
square line.!4 | 

Reactive hyperemia was recorded after a 1 minute 
clamping of the perfusion circuit in the animals with coro- 
nary blood flow measurements, both before occlusion and 
30 to 60 minutes after release. The magnitude of reactive 
hyperemia was calculated as the peak increase in flow com- 
pared with the control value. The magnitude of hyperemia 
obtained after release of occlusion was compared with that 
obtained before release in the same animal and expressed 
as percent reduction. The distance from the left coronary 
ostium to the point of occlusion of the left anterior de- 
scending artery was measured post mortem. 
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FIGURE 2. Venous serum glutamic oxalocetic transaminase (SGOT) 
values in international units in eight animals with 1 to 1 1/2 hours of 
occlusion of the left anterior descending coronary artery. Broken 
line indicates period of occlusion: 1 hour in five experiments and 1 
1/2 hours in three experiments. R indicates time of release of occlu- 
sion; * indicates significant rise in enzyme levels after release. 


Results 


Twenty animals were successfully brought to the 
conclusion of the experiment; 8 dogs underwent coro- 
nary occlusion for 1 to 1 1/2 hours and 12 dogs for 2 
to 3 hours. In addition, five sham-operated dogs were 
followed up for 6 1/2 hours to serve as controls in the 
study of elevation of enzyme levels due to the opera- 
tive procedure. 


Serum Enzymes 


Sham-operated animals: Figure 1 shows the com- 
posite results in five sham-operated animals of serum 
GOT and CPK determinations in coronary sinus and 
venous samples. The levels of both enzymes rose 
gradually to approximately four times control levels 
in 6 1/2 hours (5 hours after completion of opera- 
tion). Coronary sinus and venous values were in close 
agreement at each sampling time. At no period was 
there an abrupt change in enzyme levels in any of the 
animals. | 
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TIME IN HOURS 
FIGURE 3. Coronary sinus and venous serum glutamic oxaloacetic 
transaminase (SGOT) levels in 12 animals with 2 to 3 hours of occlu- - 
sion mean + standard error of the mean. R indicates time of release | 
of occlusion. Elevation of the coronary sinus SGOT level precedes - 
elevation of venous level by 10 to 20 minutes after release of occlu- 


sion. 
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Experimental animals: In Figure 2 venous serum 
GOT values are plotted against time for the eight an- 
imals with coronary occlusion of 1 to 1 1/2 hours’ du- 
ration (five with 1 hour and three with 1 1/2 hours of 
occlusion). The enzyme levels remained in the range 
established by the control animals until release of the 
occlusion. After release, the slope of the curve showed 
no significant change in four animals (two with 1 
hour and two with 1 1/2 hours of occlusion), but in- 
creased significantly in the remaining four (P <0.05).. 
Parallel results were obtained for venous CPK 
values. Coronary enzyme curves also remained in the 
range of values of the sham-operated dogs until re- 
lease of occlusion. After release, the same four ani- 
mals also had significant enzyme increases, but the 
change in slope preceded the change in venous slope 
by 10 to 20 minutes as described later for the animals 
with 2 to 3 hours of occlusion. LUN 

Twelve animals had occlusion of the left anterior 
descending coronary artery for 2 to 3 hours: six for 2 
hours, three for 2 1/2 hours and three for 3 hours. 
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. Serum enzyme values remained within the control 
. range before release of occlusion as in the animals 
— with 1 to 1 1/2 hours of occlusion, but the slope of the 
.. Curve rose significantly after release in all 12 dogs 
. With 2 to 3 hours of occlusion. Mean values and stan- 
... dard error were used to compare coronary sinus and 
_ venous enzyme levels at each sampling time (Fig. 3 
- and 4). Again, there was close agreement between 
.. coronary sinus and venous enzyme values before re- 
. lease of occlusion. After release, the coronary sinus 
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FIGURE 4. Coronary sinus and venous creatine phosphokinase 
- (CPK) levels in the 12 animals whose data are shown in Figure 3. All 
_ values are mean + standard error of the mean. Again, elevation of 
CO sinus CPK precedes elevation of venous CPK by 10 to 20 


minutes after release (R) of occlusion. 
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level was higher than the venous level at each sam- 
pling time, thus confirming the heart as the source of 
the increase in serum enzymes. However, the time re- 
quired for the venous level to reach any specific coro- 
nary sinus level remained 10 to 20 minutes even after 
the slope had begun to decrease. These observations 
pertained for both serum GOT and CPK levels- 
throughout the experiment. The marked individual 
variations in the magnitude of the enzyme increase 
after release of occlusion is represented by the large - 
standard error of the mean. 

Other measurements: With coronary occlusion, 
mean arterial blood pressure decreased from an aver- 
age of 95 to 83 mm Hg, but in none did it fall below 
60 mm Hg. Mean heart rate rose from 164 to 177 
beats/min. The distance from the left coronary os- 
tium to the site of occlusion of the left anterior de- 
scending coronary artery ranged from 1.5 to 3.1 cm. 
No correlation could be found between any of these 
variables and the magnitude of enzyme increase in 
this small series. 


Electrocardiogram 


The QRS complex and the S-T segment were con- 
sidered separately in determining electrocardio- 
graphic changes. During the experiments, the T 
waves followed no definite pattern. A Q wave was 
considered significant if it measured more than 50 
percent of the QRS complex. S-T segment elevation 
of more than 2 mm was considered significant. 

QRS complex: In the group with 1 to 1 1/2 hours 
of occlusion, the four animals with no significant in- 
crease in serum enzymes had no significant Q waves. 
The four animals with a significant increase in serum 
enzymes all manifested significant Q waves after re- 
lease of occlusion. Of the 12 animals that underwent 
2 to 3 hours of occlusion, 10 had significant Q waves; 
in the remaining 2, the pattern changed from Rs to 
rS. Although all 12 of these animals had increased 
serum enzymes after release of occlusion, the increase 
was relatively small in the latter two. 
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" | i 
Opened FIGURE 5. Subepicardia electrocardiogram in an 


animal with 3 hours of occlusion of the left anterior 
descending coronary artery (LAD). No q wave ap- 
peared during the period of occlusion; 3 minutes 
after release of occlusion (second arrow) a q wave 
appeared and became significant 15 minutes after _ 
release. The S-T segment was elevated 7 minutes — 
after occlusion and was still elevated 2 hours after 
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FIGURE 6. Subepicardial electrocardiogram in an animal with 
3 hours of occlusion of the left anterior descending coronary 
artery (LAD). A small q wave developed 1 hour after occlu- 
sion; 15 minutes after release (second arrow) a significant Q 
wave was present. The S-T segment was elevated 5 minutes 
after occlusion, returned to normal in 30 minutes and re- 
mained normal for the duration of the experiment. 


Thus, significant Q waves were noted in 14 ani- 
mals, 4 with 1 to 1 1/2 hours and 10 with 2 to 3 hours 
of occlusion; in all, the electrocardiographic changes 
developed 15 to 30 minutes after the release of occlu- 
sion. Among those with 2 to 3 hours of occlusion, 
three showed no q wave until after release of occlu- 
sion (Fig. 5); in the other seven a small q wave devel- 
oped during occlusion (Fig. 6 and 7). Surprisingly, 
the Q waves became significant while serum enzyme 
levels were rising steeply. 

S-T segment: All of the 16 dogs with a significant 
increase in serum enzymes (4 with 1 to 1 1/2 hours 
and all 12 with 2 to 3 hours of occlusion) had S-T seg- 
ment elevation within 2 to 3 minutes after occlusion. 
The S-T segment remained elevated after release of 
occlusion in 3 dogs (Fig. 5) and returned to control 
level during occlusion in 2 dogs (Fig. 6); the dominant 
pattern, observed in 11 dogs, was a return to control 
level after release of occlusion (Fig. 7). 

In two animals with this dominant pattern, the left 
anterior descending coronary artery was reoccluded 1 
1/2 hours after release of the first occlusion. The S-T 
segment again became elevated, the Q wave persisted 
and, on release of occlusion, the S-T segment once 
again returned to normal (Fig. T. 


Myocardial Contractility and Reactive Hyperemia 


Myocardial contractility*: Contractility was re- 
corded from the area supplied by the occluded coro- 
nary artery in 8 animals with 1 to 1 1/2 hours of oc- 
clusion and in 10 with 2 to 3 hours of occlusion. Four 
of the eight dogs with 1 to 1 1/2 hours of occlusion 

- that had no significant increase in serum enzyme lev- 





* Myocardial contractility, as recorded with a Walton-Brodie strain 
gauge, is a measurement of isometric contraction in a stretched 
segment of epicardium. The recording is affected by the direction of 
the underlying muscle fibers and the change in shape of the ventricle 
with contraction, and it does not quantitatively reflect the change in 
contractility of the entire thickness of the myocardium. The results 
presented here, comparing recordings obtained before and after oc- 
clusion and expressed as percent change, should be interpreted with 
this reservation. 
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FIGURE 7. Subepicardial electrocardiogram in an animal with 2 1/25 
hours of occlusion of the left anterior descending coronary artery 
(LAD) and reocclusion 1 1/2 hours after release. A small Q wave 
was present 2 1/2 hours after occlusion and became significant 15 
minutes after release. The S-T segment was elevated 5 minutes — 
after occlusion, remained elevated for the duration of occlusion, and 

returned to normal 15 minutes after release. Ten minutes after reoc- - 
clusion, the S-T segment again became elevated and the Q wave - 
persisted; 10 minutes after release of this second occlusion, the S-T . 
segment returned to normal. j 


els had a reduction in contractility of less than 45 
percent (range 0 to 44 percent), the same decrement 
noted in the sham-operated animals. The remaining 
four dogs in this group had significant serum enzyme | 
increases and a reduction in myocardial contractility 
of more than 55 percent (range 56 to 77 percent). All. 
10 dogs with 2 to 3 hours of occlusion also had a re- 
duction in contractility of more than 55 percent 
(range 56 to 91 percent). | 

After occlusion, the myocardial contractility trac- 
ing characteristically assumed a flat-top appearance. 
as opposed to the sharp spike seen before occlusion : 
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; (Fig. 8, top tracing, right panel). Contractility de- 
. creased rapidly with occlusion, as illustrated during 


- a 
' 


_ the 1 minute period of clamping before occlusion in 


. Figure 9, left panel. A temporary increase in contrac- 
-.tility was observed after the release of a 1 minute 
- clamping during the control period (left panels, Fig. 8 
and 9). 


Reactive hyperemia: This variable was measured 


. after 1 minute of clamping in 11 animals before oc- 
. clusion, and the measurement was repeated 1/2 to 1 
. hour after the occlusion had been released. Before oc- 
. clusion, reactive hyperemia peaked at 1.5 to 3.8 times 
- the control rate of blood flow in the left anterior de- 
- scending artery, and subsided in 2 to 4 minutes. Of 
- three dogs with occlusion for 1 to 1 1/2 hours, two 


had no rise in serum enzyme levels; one of these had 


. no change in reactive hyperemia and the other only a 
. 12 percent reduction. The third dog had a significant 


_ rise in serum enzyme levels and a 29 percent reduc- 


:cJ- 


tion in reactive hyperemia. The eight dogs with 2 to 3 
hours of occlusion had a reduction in reactive hypere- 


mia of 35 to 100 percent (mean 67 percent). 


Figures 8 and 9 illustrate, for two experiments, the 


"changes in reactive hyperemia, myocardial contractility 
and arterial blood pressure associated with 1 minute of 
- clamping before and after a 3 hour occlusion of the left an- 


terior descending coronary artery. Figure 8 shows a com- 


- plete loss of reactive hyperemia after occlusion and a 75 
. percent reduction in myocardial contractility (right panel). 
_ Arterial blood pressure values were not affected by the 1 


minute of clamping after occlusion compared with the 


_ slight reduction in values before occlusion (left panel). In 


another animal (Fig. 9, right panel), reactive hyperemia 


. was reduced by only 35 percent. This retained capacity for 


reactive hyperemia was associated with a slight decrease in 


myocardial contractility during clamping and a temporary 
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FIGURE 8. Effect of 3 hours of occlusion of the left an- 
terior descending coronary artery on myocardial con- 
tractility, reactive hyperemia as shown in the tracing of 
blood flow in the left anterior descending artery, and 
arterial blood pressure. Left panel, tracing obtained 
during 1 minute of clamping of the artery before occlu- 
sion. Right panel, tracing obtained after release of oc- 
clusion. Rapid traces of myocardial contractility are su- 
perimposed upon the slow tracings. After the 3 hour 
period of occlusion reactive hyperemia was absent. 
Myocardial contractility and arterial blood pressure 
were not affected by the 1 minute period of clamping 
(right panel). 


After 


increase on release, as well as a slight reduction in arterial 
blood pressure during clamping. These changes were much 
smaller than those that occurred before occlusion (left 
panel), but are indicative of remaining myocardial function 
in the infarcted area after occlusion and are in contrast to 
the findings illustrated in Figure 8 (right panel). 


Discussion 


Coronary occlusion leads to myocardial ischemia 
and thence to myocardial infarction. In the experi- 
ments reported here, the presence of myocardial in- 
farction was suggested by an abrupt rise in serum en- 
zyme levels and a rapid development of significant 
electrocardiographic Q waves after release of occlu- 
sion. These findings occurred in some animals even 
after occlusion of only 1 hour’s duration. Ancillary 
evidence of infarction included loss of myocardial 
contractility and reduced reactive hyperemia. Resid- 
ual viable muscle in the infarcted area was assumed 
to be present when (1) reocclusion caused elevation 
of the S-T segment in the electrocardiogram, (2) 
some return of myocardial contractility followed re- 
lease of occlusion, and (3) some capacity for reactive 
hyperemia was retained after release of occlusion. 


Serum Enzymes 


The sham-operated control animals manifested a 
range of elevation of serum enzyme levels caused by 
the operative procedure alone. These values are in 
agreement with previously reported observations.!? 

In the animals that underwent coronary arterial 
occlusion and release, three pertinent observations 
emerged. First, in every dog that underwent 2 to 3 
hours of coronary occlusion, elevated serum. enzyme 
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FIGURE 9. Effect of another 3 hour occlu- 
mm Hg 


sion experiment. Records as in Figure 8. 
After 3 hours of occlusion, some capacity 
for reactive hyperemia was retained, asso- 
ciated with some loss of myocardial con- 
tractility and a slight reduction in arterial 
blood pressure during the 1 minute clamping 
period (right panel). 


levels occurred almost immediately after release of 
occlusion (Fig. 3 and 4); serum enzymes were in- 
creased in some dogs that underwent 1 to 1 1/2 hours 
of occlusion but not in others (Fig. 2). Second, resto- 
ration of circulation to the infarcted area was respon- 
sible for the abrupt rise in enzyme levels; the myocar- 
dium was the source of this rise since elevation of en- 
zyme levels in coronary sinus blood preceded that in 
venous blood. Third, venous enzyme elevation after 
release of occlusion lagged only 10 to 20 minutes be- 
hind the enzyme elevation in coronary sinus blood; 
this lag was apparent immediately on release of oc- 
clusion and remained fairly constant even as the rate 
of rise began to decrease 1 to 2 hours after release. On 
the basis of these observations, the time from coro- 
nary occlusion to the appearance of elevated venous 
enzyme levels can be divided into three periods for 
the purpose of discussion: the viable period, when 
heart muscle cells may still recover if circulation is 
restored; the stagnant period, when the cells are irre- 
versibly damaged but there is insufficient circulation 
to remove the enzymes; and the lag period between 
the rise of enzyme levels in the coronary sinus blood 
and enzyme elevation in venous blood. 

Viable period: Our data on serum enzyme levels 
suggest, on first inspection, that the viable period 
lasts less than 2 hours since all animals with occlu- 
sion of 2 hours or more had increased serum enzymes 
after release (Fig. 3 and 4). Indeed, the increase in 
serum GOT after release of a 1 hour occlusion in 
three animals (Fig. 2) closely corroborates the elec- 
tron microscopic data derived from papillary muscle 
having no collateral circulation and showing irrevers- 
ible damage after 40 to 60 minutes of occlusion.? 
However, four of our animals with 1 to 1 1/2 hours of 
occlusion had no significant increase in serum GOT 
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after release, and therefore probably sustained no ir- 
reversible myocardial damage. Moreover, there were 
wide individual variations in the degree of enzyme el- 
evation after release of 2 to 3 hours of occlusion, illus- 
trated by the large standard error of the mean in Fig- 
ures 3 and 4. This variation did not correlate with the 
distance from the coronary ostium to the point of oc- 
clusion. Some other mechanism or mechanisms must 
pertain. Prinzmetal!? and Maxwell? and their co- 
workers described two types of experimental myocar- 
dial infarction on the basis of pathologic changes: 
transmural and patchy. Their two types of myocar- 
dial infarction and our variations in enzyme increase 
may both be attributable to the degree of existing 
collateral circulation before coronary occlusion. This 
concept is supported by the observation that drugs 
that affect collateral vessels influence infarct size.!" 
Moreover, it has been shown that smaller infarcts 
and higher survival rates are found when additional 
collateral circulation is stimulated by coronary arteri- 
al constriction before ligation.!8 In this context, the 
short, viable period observed electron microscopically 
in posterior papillary muscle may be related to the 
known absence of collateral circulation to this area, 
whereas the more variable and generally longer viable 
period in our experiments may be a result of existing 
collateral circulation. Interestingly, the relatively rich 
collateral circulation of the dog heart has been lik- 
ened to that in the human heart with coronary artery 
disease. 

Stagnant period: This period, so-called because of 
poor circulation in the infarcted area, was abridged in 
our experiments by reperfusion. Ample support for a 
relatively long clinical stagnant period is afforded by 
reports of other investigators. For example, heart 
muscle loss of GOT does not begin until 4 hours after 
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occlusion and only 40 to 50 percent of the enzyme is 
lost in 24 hours.?? In fact, even 24 hours after coro- 
nary occlusion, the circulation in the infarcted area is 
only 12 percent of that in the noninfarcted myocar- 
dium as measured by injection of microspheres.!? 
The truth is that enzymes cannot be removed if there 
is no circulation to remove them. However, other fac- 
tors also influence the speed of removal of enzymes 


from infarcted myocardium. The anatomy of the in- 


farct is relevant since elevated serum enzyme levels 
appear sooner than usual after microinfarcts pro- 


i . duced by bead embolization.™8 Another factor is mo- 


lecular weight, since enzymes of lower molecular 
weight became increased in the serum before those of 


_ higher molecular weight.?? Most interesting of all is 
= the observation that reperfusion 40 to 60 minutes 


after occlusion causes more rapid destruction of sar- 
colemmal membranes and extrusion of intracellular 
contents?! although reperfusion per se actually de- 
creases infarct size. Nonetheless, in our experi- 


= ments, the more rapid destruction of sarcolemmal 
-~ membrane of irreversibly damaged cells could have 
. contributed to the abrupt rise in coronary sinus and 
- then venous enzyme levels. 


Lag period: The time required for the venous en- 
zyme level to reach a specific coronary sinus enzyme 
level defines the lag period. Of the three periods, this 
one is best illustrated by the experiments reported 


. herein. The lag period is shown in Figures 3 and 4 as 
_ the distance along the abscissa from the coronary 


sinus curve to the venous curve after release of occlu- 
sion. With recognition of the assumptions of constant 


—. coronary blood flow and blood volume, and the need 


for corrections for mixing time and half-life of en- 


— zymes, it can be expressed as follows: 


Blood volume (ml) 


peed (min) = Coronary blood flow (ml/min) 


e ‘Substituting standard values supports the gross ap- 


. plicability of this formula to the experimental find- 


ings. Especially relevant in the mathematical deriva- 
tion is the fact that a slow rise or fall in the rate of 


. enzyme leaving the infarcted myocardium does not 
. greatly affect this approximation.* For example, a 20 


percent decrease during one lag period (approximate- 
ly 20 minutes) would prolong the lag by 10 percent or 
2 minutes. Thus, this conception of a relatively short 
lag period is applicable to myocardial infarction in 


. man. In effect, venous enzyme elevation detected 


à clinically presumably lags only minutes behind coro- 
. hary sinus levels. This relationship can be adapted to 
- other organ effluents monitored by peripheral venous 


sampling provided that the necessary assumptions 
and corrections are acceptable: the lag period varies 


P inversely with the organ blood flow and directly with 


the fluid volume into which the substance mixes. 


* When the rate of release of enzyme (E) from the infarcted myo- 
cardium is changing slowly, and the change during one lag period is 


. . represented by AE, the following formula pertains: 





EA E Blood volume (ml) ; ( _ 1/2 A5) 
9 Coronary blood flow (ml/min) E 
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Electrocardiogram 


Q waves became significant within 30 minutes 
after release of occlusion in 14 of 16 animals with 
serum enzyme elevations. Clinically, Q waves are de- 
layed at least as long as required for elevation of 
serum enzyme levels. The telescoping of Q wave for- 
mation in our experiments parallels the washout of 
enzymes after release of occlusion. One possibility 
suggested by this correlation is that removal of one or 
more substances allows the emergence of cavity po- 
tential. However, it is possible that preservation of 
the sarcolemmal membranes in the early periods of 
myocardial infarction?! delays appearance of the Q 
wave. With reperfusion, disruption of these mem- 
branes might alter the electrophysiologic properties 
of the cells in a way that could accelerate Q wave 
emergence. The precise explanation awaits further 
studies. Nevertheless, at this juncture it seems rea- 
sonable to conclude that the delay in Q wave appear- 
ance in clinical myocardial infarction is a result of the 
compromised perfusion of the infarcted area and 
does not imply a prolonged period during which 
death of heart muscle slowly occurs. 

S-T segment shift: Alteration in the S- T segment 
represents a prompt and reversible response to myo- 
cardial ischemia.?? S-T elevation recorded on multi- 
ple epicardial electrocardiograms has been used to 
map the ischemic area shortly after coronary occlu- 
sion.'’ In our experiments, with only one subepicar- 
dial recording near the center of the ischemic area, 
the S-T segment rose promptly after coronary occlu- 
sion. In the majority of experiments, the S-T segment 
manifested persistent elevation throughout occlusion 
and returned to normal with reperfusion. This pat- 
tern, which suggests subsidence of ischemia in re- 
maining viable myocardial cells, occurred despite the 
concomitant appearance of Q waves. In two experi- 
ments (one shown in Fig. 7), 1 1/2 hours after release 
of occlusion, the left anterior descending artery was 
reoccluded, and the S-T segment again became ele- 
vated while the Q wave remained; the S-T segment 
returned to normal on release of this second occlu- 
sion. We conclude that in these experiments the in- 
farcted area contained viable myocardial cells as well 
as cells with irreversible damage. The implication for 
myocardial infarction without reperfusion is that ei- 
ther these cells survive, forming patchy infarction, or 
that they eventually succumb. 


Myocardial Contractility and Reactive Hyperemia 


Myocardial contractility decreases very promptly 
upon occlusion of a coronary artery, demonstrating 
an even more rapid response to myocardial ischemia 
than that of S-T elevation and occurring long before 
either index of infarction develops. In some of our ex- 
periments, no recovery of contractility appeared after 
release of occlusion (Fig. 8), and this finding implies 
that transmural infarction had occurred. In others, 
some return of contractility was apparent (Fig. 9), in- 
dicating patchy infarction with areas of viable muscle 
that resumed contraction when circulation was re- 


TE Se Nn LCS TPE EY NT XX IO EAE PLE AT AE 
TE EEE TE REA ED E EONO ETS, 


h 


stored. These observations are consistent with results 
of cineradiographic studies in coronary arterial reper- 
fusion experiments.”4 They further corroborate the 
observation that an asynergic area revealed by ven- 
triculography in man does not exclude the presence 
of viable ischemic myocardium.”° 

Reactive hyperemia represents one or more vaso- 
dilating mechanisms in viable ischemic muscle that 
affect the vascular bed. In our experiments, the mag- 
nitude of reactive hyperemia correlated with the re- 
turn of myocardial contractility. Moreover, it was a 
more reliably measured index of salvageable or sal- 
vaged ischemic myocardium after coronary occlusion. 
Indeed, diastolic reactive hyperemia is being used to 
evaluate the benefit derived from coronary artery by- 
pass operations.”© 


Clinical Implications 

In selecting patients for coronary artery bypass 
surgery, the sine qua non is the demonstration of an 
operable lesion by angiography. Our data pertain to 
further selection of patients after myocardial infarc- 
tion and to postoperative evaluation. 

The usual clinical indicators of acute myocardial 
infarction, a rise in venous enzyme levels and signifi- 
cant electrocardiographic Q waves, do not obtain 
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during the first few hours after coronary occlusion. 


Indeed, after coronary artery bypass surgery for 


acute myocardial infarction, increase in serum en- 
zyme levels and progressive development of a Q wave 
may represent the natural course of reperfusion rath- 
er than damage resulting from operation. Before and 
after operation, the venous enzyme level reliably re- 
flects the coronary sinus enzyme level minutes later. 
During the postinfarction period, S-T segment de- 
viation identifies ischemic myocardium even in the 
presence of Q waves. The use of grid electrocardiog- 
raphy for this determination has already been re- 


ported.!7 
‘After operation, the value of measurement of reac- 


tive hyperemia in the bypass graft to assess the effec- 


tiveness of the procedure is supported by our data. 
These results should correlate with myocardial con- 
tractility demonstrated by ventriculography. 
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The effects on myocardial function, metabolism and ultrastructure of 
60 minutes of reperfusion, instituted after 30, 60 and 90 minutes of oc- 
clusion of the left anterior descending coronary artery, were studied in 
48 dogs. Twelve sham-operated dogs served as controls. Coronary oc- 
clusion for 60 or 90 minutes caused significant depression in the first 
derivative of left ventricular pressure (dP/dt) (P <0.05) that could not 
be reversed by reperfusion. Upon reperfusion, creatine phosphate 
stores in myocardium made ischemic for 30 and 60 minutes, but not for 
90 minutes, returned toward control levels, but stores of adenosine tri- 
phosphate (ATP) and total nucleotides and the ATP/adenosine diphos- 
phate ratio of myocardium subjected to 60 and 90 minutes of ischemia 
were further decreased. After 60 and 90 minutes of ischemia, swelling 
of the sarcoplasmic reticulum and mitochondrial damage (swelling, de- 
creased matrix density and partial loss of cristae) were seen. Myofi- 
brils were relaxed in all these groups. Reperfusion produced gross con- 
traction of myofibrils and aggravated these changes in mitochondria 
and sarcoplasmic reticulum. In the hearts subjected to 90 minutes of 
ischemia these changes were gross. The levels of creatine phosphoki- 
nase, glutamic oxaloacetic transaminase and lactic dehydrogenase in 
the coronary sinus blood increased dramatically (P <0.05) upon re- 
perfusion after 60 or 90 minutes of occlusion, indicating severe impair- 
ment of cell membranes. This secondary rise in serum enzyme activity 
during reperfusion should be taken into consideration when estimating 
the size of a myocardial infarct from enzyme changes alone. It appears 
that 60 and 90 minutes of ischemia cause severe myocardial damage 
that is not reversed by reperfusion maintained for 1 hour although long- 
er periods of reperfusion may be beneficial. 


Although ischemia produced by coronary occlusion has repeatedly 
been demonstrated to produce dramatic changes in myocardial func- 
tion, ultrastructure and metabolism, there are only a few reports con- 
cerning the effects of reperfusion on the ischemic myocardium. Such 
information is considered of crucial importance in determining the 
timing and feasibility of coronary bypass surgery in patients with 
myocardial infarction. Recently, deterioration of the contractile ac- 
tivity of the ischemic zone upon institution of reperfusion after 1 to 2 
hours of occlusion has been reported.! In this paper we demonstrate 
that irreversibility of ischemic myocardial function upon reperfusion 
after 1 to 2 hours of coronary occlusion is associated with dramatic 
changes in myocardial metabolism, ultrastructure and enzyme leak- 
age. 
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Methods 


Sixty healthy mongrel dogs, of either sex and an average 
weight of 30.9 + 5.8 (mean + standard error of the mean) 
kg body weight, were used in these experiments. After an- 
esthesia induced with sodium pentobarbital, 20 mg/kg in- 
travenously, the animals were intubated and controlled 
positive pressure respiration was instituted with use of a 
Harvard respirator pump. Tidal volume was adjusted to in- 
dividual body weight (Kleinman-Radford tables) and the 
animals breathed an air-oxygen mixture with an inspira- 
tion/respiration ratio of 45:55. These variables were re- 
viewed and readjusted periodically so as to maintain a sta- 
ble level of arterial partial pressure of oxygen and pH. In 
the entire series POs was maintained between 93 and 152 
mm Hg (mean 117 + 21.9) and pH between 7.3 and 7.4 
(mean 7.379 + 0.037). Bilateral femoral cutdown proce- 
dures were performed and catheters placed for continuous 
monitoring of central venous pressure, central arterial pres- 
sure, left atrial pressure and left ventricular pressure and 
its first derivative (dP/dt). 

Lateral thoracotomy through the fourth intercostal space 
was employed to expose the heart. The pericardium was in- 
cised 1 cm anterior to the phrenic nerve. The left anterior 
descending coronary artery was dissected for about 1 cm 
just distal to the origin of its first major perforating septal 
branch. A loop of fine Dacron® tape was used to compress 
the artery against a soft rubber tube so as to cause occlu- 
sion without kinking. Visible collateral vessels from the cir- 
cumflex coronary arterial system entering this zone were 
transfixed with 2-0 silk ligature. This produced a clearly 
demarcated area of acute ischemia corresponding to the 
distribution of the left anterior descending coronary artery 
distal to the occlusion. In the sham-operated control group, 
the left anterior descending coronary artery was dissected 
and looped but not occluded. An exploring electrode was 
used to detect the center of the infarct, which was the area 
of most severe change in epicardial electrograms within the 
cyanotic ischemic area. Electrodes were then placed in the 
center as well as at the margin of the ischemic zone and 
over the normal left ventricular wall to monitor the surface 
electrocardiogram continuously. 


Protocol 


In 16 animals occlusion of the left anterior descending 
coronary artery was maintained for 30 (no. = 4), 60 (no. = 
6) and 90 (no. = 6) minutes after which a whole thickness 
tissue biopsy specimen was obtained from the ischemic 
area for electron microscopic studies with use of a no. 10 
Silverman needle. A large punch biopsy specimen (about 10 
g of tissue) of the whole thickness of myocardial wall from 
the ischemic zone was then obtained, using a special instru- 
ment that had been precooled in liquid nitrogen, for subse- 
quent homogenization and biochemical analysis. 

In an identical group of 16 experiments, myocardial isch- 
emia was maintained for 30 (no. = 4), 60 (no. = 6) and 90 
(no. = 6) minutes, and at the end of this period a biopsy 
specimen from the ischemic zone was obtained for electron 
microscopic studies. The coronary occlusion was then re- 
leased and a 1 hour period of reperfusion of the ischemic 
zone permitted. At the end of this period another biopsy 
specimen for electron microscopic study was taken and a 
final punch biopsy specimen for biochemical analysis was 
obtained as previously outlined. 

In a third group of 16 experiments, myocardial ischemia 
for 30 (no. = 4), 60 (no. = 6) and 90 (no. = 6) minutes was 
followed by a 1 hour period of reperfusion. A polyethylene 
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FIGURE 1. Effect of reperfusion for 60 minutes on the maximal left 
ventricular dP/dt of the ischemic dog myocardium. Groups |, Il and Ill 
refer to animals with 30 (no. = 4), 60 (no. = 6) and 90 (no. = 6) 
minutes of coronary occlusion, respectively. Each bar represents 
the mean + standard error of the mean. Lt. = left. 


catheter (internal diameter 2 mm) was passed by way of 
the right jugular vein and positioned in the main body of 
the coronary sinus for obtaining blood samples. In this 
group the myocardial surface electrogram, central venous 
pressure, arterial pressure and left ventricular dP/dt were 
monitored continuously. Blood samples from the coronary 
sinus were obtained for assessing serum creatine phospho- 
kinase (CPK), glutamic oxaloacetic transaminase (GOT), 
lactic dehydrogenase (LDH) and blood lactates. Samples 
for biochemical studies, as well as myocardial tissue biopsy 
specimens for electron microscopic study, were obtained 
(1) before occlusion of the left anterior descending coro- 
nary artery, (2) at the end of the period of ischemia and (3) 
at the end of 60 minutes of reperfusion following the re- 
lease of coronary occlusion. This protocol provided a cor- 
relative study of myocardial performance (left ventricular 
dP/dt), coronary sinus serum enzymes (CPK, SGOT, 
LDH), myocardial energy metabolism and myocardial ul- 
trastructure before, during and after myocardial ischemia. 
For the study of myocardial ultrastructure the tissue 
was immediately immersed in a solution of 5 percent gluta- 
raldehyde in 0.1 molar phosphate buffer (pH 7.4) and al- 
lowed to fix for 1 hour. It was further fixed in buffered 1 
percent osmium tetroxide for 1 hour, then dehydrated in 
graded ethanol series and embedded in Epon 812. Sections 
were made with a Sorval MT-II Porter-Blum Ultra-micro- 
tome using a diamond knife. Sections were stained for 30 
minutes using 6 percent uranyl acetate in 70 percent meth- 
anol and post-stained with Reynold’s lead citrate for 15 
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| TABLE I 


= Re j ~ Effects of 60 Minutes of Reperfusion on Activity of 
. Cardiac Enzymes in Coronary Sinus Blood (mean + 
a : standard error of the mean) 


Serum Enzymes 





vifi 
ES | CPK GOT LDH 
; M 5% (mU/ml) — (IU/liter) ^ (IU/liter) 
E | Group | | 
- — Control value 234.33 49.00 284.67 
Er £43.45 +6.12 +38.35 
Bn End of 30 minutes 488.33 56.00 170.33 
i .. of ischemia t 36.92 +8.24 +35.65 
E . End of 60 minutes 979.67 106.67 194.67 
a E. = — of reperfusion £115.13 -28.11 £56.60 
. Group II 
= Control value 317.00 87.67 169.33 
5 ux. £25.78 —— 37.17 — :1745 
pics | End of 60 minutes 498.67 105.33 155.50 
MM - of ischemia «17.30 :6.45 +8.83 
— . End of 60 minutes 3148.50 1538.00 832.75 
a -~ of reperfusion * 346.66 277.78 +224.24 
"^ .. Group tI 
E “Control value 620.00 95.50 150.33 
EN. +139.63 +10.28 + 26.70 
End of 90 minutes 1240.17 134.83 147.00 
ef ischemia +188.04 *16.78 +17.86 
|... End of 60 minutes 2645.17 562.67 653.50 
PO _of reperfusion + 363.27 £137.43 +134.82 
Ew. 
3 E CPK - creatine phosphokinase; LDH = lactic dehydro- 
a _ genase; GOT = glutamic oxaloacetic transaminase. 
E. minutes. Sections were observed on a Zeiss EMO9S electron 


. microscope. 
E — High energy phosphates were measured in tissue frozen 
im liquid nitrogen as follows: A sample weighing 0.5 to 0.7 g 
m 'was pulverized in liquid nitrogen to a fine powder. Ten vol- 
E . umes of 0.6 N HCIO; was added with stirring. The mixture 
A was allowed to thaw and then centrifuged at 5? C tempera- 
- .. ture and 2,000 to 3,000 X g for 10 minutes. The superna- 
E tant was Gacanted into a precooled beaker in an ice dish 
and neutralized using 3 molar KCO}. It was further centri- 
_ fuged as before and the supernatant decanted once again. 
_ This protein-free extract was used for measuring creatine 
= phosphate (CP), and adenosine triphosphate (ATP), di- 
Ec phosphate (ADP) and monophosphate (AMP) by enzymat- 
- ic determination technique.? Serum CPK was measured by 
E the technique of Rosalki? using an ICN single vial reagent 
. kit and Gilford spectrophotometer. Serum GOT and LDH 
A were measured by automated procedure (Technicon SMA- 
12/60 system) based upon the technique of Levine and 
. Hillt and Morgenstern et al? Lactates were measured by 
a enzymatic determination® using Unicam Instruments (SP 
500-2 Series) spectrophotometer and BMC test combina- 

b Ke ee reagent kits. 


ne 


E Results 
. . Left Ventricular Performance 
: a _ The effect of 60 minutes of reperfusion on left ven- 


~ tricular dP/dt was studied in dogs after 30, 60 and 90 
cn . minutes of coronary occlusion (Fig. 1). Neither 30 
|. . minutes of ischemia nor subsequent reperfusion af- 
E fected dP/dt values. However, these values were sig- 
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TABLE I! 


Effect of 60 Minutes of Reperfusion on High Energy 
Phosphates (mean + standard error of the mean) 








ATP + ADP + 
ATP (umole/ AMP (umole/ 
g wet tissue g wet tissue 
weight). weight) 
Sham control 5.03 5.94 
+0.29 +0.32 
Group | 
End of 30 minutes 4.25 5.57 
of ischemia +0.53 +0.50 
End of 60 minutes 6.92 7.67 
of reperfusion +0.79 +0.78 
Group II 
End of 60 minutes S73 4.29 
of ischemia +0.73 +0.76 
End of 60 minutes 1.84 2.38 
of reperfusion +0.10 +0.10 
Group III 
End of 90 minutes 2.41 3.36 
of ischemia +0.16 +0.21 
End of 60 minutes 1.58 2.03 
of reperfusion +0.16 +0.18 





ADP = adenosine diphosphate; AMP = adenosine mono- 
phosphate; ATP = adenosine triphosphate. 


nificantly depressed (P <0.05) after 60 or 90 minutes 
of ischemia and did not show improvement upon re- 
perfusion. 


Coronary Sinus Serum Enzymes 


Coronary occlusion for 30, 60 or 90 minutes slightly 
(but not significantly, P >0.05) increased CPK and 
GOT activity levels in coronary sinus blood (Table I). 
LDH activity did not change significantly (P >0.2). 

Upon reperfusion, serum activity levels of CPK, 
GOT and LDH in coronary sinus blood did not rise - 
significantly (P >0.05) in the group with 30 minutes 
of ischemia. By contrast, a dramatic increase in the 
activity of these enzymes was noted upon reperfusion © 
after 60 or 90 minutes of ischemia (P «0.05). 


High Energy Phosphate 


Coronary occlusion for 30, 60 and 90 minutes de- 
creased (P «0.05) the creatine phosphate content of 
the left ventricular muscle (Fig. 2). Sixty minutes of 
reperfusion of myocardium made ischemic for 30 or 
60 minutes resulted in partial return to normal cre- 
atine phosphate levels (P 70.05); however, no change 
was seen upon reperfusion after 90 minutes of isch- 
emia. There was a progressive decrease in myocardial 
adenosine triphosphate, total nucleotides (Table II) 
and the ratio of adenosine triphosphate to adenosine 
diphosphate (Fig. 3) after 30, 60 and 90 minutes of 
coronary occlusion. These variables returned to a 
level slightly higher than their respective control 
values upon reperfusion after 30 minutes of myocar- 
dial ischemia but were further reduced upon reperfu- 
sion after 60 or 90 minutes of ischemia (P «0.05). 





" A i n v I9 Tw . " 


J MYOCARDIAL METAB 






9.0 


ewo or iscuewia  MIMMIMMUODIOUOOIININII 
END OF REPERFUSION TTT TT TI 


7.5 


6.0 


4.5 


Umole per g- Wet tissue 


3.0 


| — 
DEDRCRORCRCCCCCRCCRERINE— 


AOONUODON IOO TOTI 
Te 





GROUP GROUP 

I H HH 
FIGURE 2. Effect of 60 minutes of reperfusion on creatine phos- 
phate (C. P.) levels of the ischemic dog myocardium. Groups |, Il and 


lll as defined in Figure 1. 


CONTROL 


Ultrastructure 


Sections of the left ventricular myocardium 
subjected to 30 minutes of ischemia revealed that 
myocardial ultrastructure (Fig. 4A) was not appar- 
ently different from that of the sham-operated con- 
trol heart. The muscle was in a relaxed stage and mi- 
tochondria were packed with cristae. However, reper- 
fusion for 60 minutes of myocardium subjected to 30 
minutes of ischemia resulted in contracted myofibrils 
(Fig. 4B). 

Although 60 minutes of ischemia resulted in vari- 
ous degrees of damage to the mitochondrial ultra- 
structure and swelling of sarcoplasmic reticulum 
(Fig. 5A), the muscle was in a relaxed state. However, 
mitochondria were markedly swollen, and myofibrils 
were contracted upon reperfusion after 60 minutes of 
ischemia (Fig. 5B). Examination of sections obtained 
from myocardium made ischemic for 90 minutes re- 
vealed marked swelling of mitochondria and damage 
to cristae (Fig. 6A), whereas these muscles after re- 
perfusion showed areas of disrupted myofibrils and 
extensive mitochondrial damage (Fig. 6B). 


Discussion 


The aim of the study was to correlate myocardial 
performance, ultrastructure and biochemical mea- 
surements during a period of acute ischemia and to 
study the effect of reperfusion in reversing any dele- 
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FIGURE 3. Effect of 60 minutes of reperfusion on ATP/ADP ratio of 
the ischemic dog myocardium. Groups |, Il and Ill as defined in Figure 
1. 


terious effects of ischemia on these variables. It was 
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also intended that these correlates be studied in the 


same hearts as far as possible. The investigations in- 
volving myocardial performance, electrophysiology, 
coronary sinus biochemistry and biopsy studies for 
electron microscopy can all be performed in the same 
hearts but an open chest preparation is needed to ob- 
tain a biopsy specimen at the end of the ischemic pe- 
riod, which is almost at the middle of the experiment. 
An open chest preparation was therefore adopted in 
spite of the known superiority of the closed chest 
preparation advocated by Corday et al.’ Every pre- 
caution was taken to keep respiratory and hemody- 
namic variables as stable as possible, as reflected by 
the stable blood PO% and pH values as well as the 


values of maximal left ventricular dP/dt reported in 


this series. 


Almost all animals had transient cardiac arrhyth- 


mias 4 to 8 minutes after the coronary arterial occlu- 
sion but in most cases these arrhythmias disappeared 
spontaneously. The four animals in which the ar- 
rhythmias did not disappear spontaneously are not 
included in this study. Arrhythmias during the peri- 
od of reperfusion were more severe and persistent. 
'The critical period was between 8 and 20 minutes 
after the start of reperfusion. Animals that survived 
this period showed stable cardiac rhythm thereafter 
and completed the study. In 19 animals, ventricular 
fibrillation ensued, resulting in a 37 percent mortali- 
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ty rate due to postperfusion arrhythmias in 51 exper- 
iments. These animals are not included in our study 
because the variable periods of arrhythmia, associ- 
ated hypotension and direct effect of direct-current 
countershock, if attempted, would have invalidated 
the serum enzyme data? and to some extent the ul- 
trastructural findings. Thirty-two complete studies 
were carried out in the remaining animals and are re- 





ported here. The series is selective to this extent but 
has the advantage of being uniform in the course of 
events, and the values presented show a true relation 
to each other. Except for the study of high energy 
phosphates, which required a terminal biopsy speci- 
men, all values presented belong to the same animals. 

Myocardial function after reperfusion: Signifi- 
cant deterioration in cardiac function has been re- 


FIGURE 4. Left ventricular cardiac mus- 
cle after 30 minutes of coronary occlu- 
sion (A), followed by 60 minutes of re- 
perfusion (B). (X 16,500, reduced by 50 
percent.) 
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ported by Meerbaum et al.? 5 to 30 minutes after oc- 
clusion of the left anterior descending coronary ar- 
tery in a closed chest experimental preparation. Our 
data in open chest animals are in agreement with this 
finding but also demonstrate that the reduced maxi- 
mal left ventricular dP/dt of myocardium made isch- 
emic for 60 to 90 minutes does not increase after 60 
minutes of reperfusion. The irreversibility of de- 


FIGURE 5. Left ventricular cardiac mus- 
cle after 60 minutes of coronary occlu- 
sion (A), followed by 60 minutes of re- 
perfusion (B). (X 16,500, reduced by 50 
percent.) 


pressed myocardial contractility upon reperfusion 
after 1 to 2 hours of coronary occlusion has also been 
demonstrated by other investigators.!!°-!? This in- 
ability of left ventricular performance to recover 
upon reperfusion after 60 to 90 minutes of ischemia 
may be due to a reduced energy state!? and damaged 
ultrastructure of the myocardium.!^ Whatever the 
mechanism of the irreversible damage to ischemic 
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myocardium may be, our results clearly indicate that 
revascularization of myocardium after 60 to 90 min- 
utes of ischemic insult may not be attended with im- 
mediately demonstrable improvement in myocardial 
function. Periods of reperfusion longer than 60 min- 
utes may be necessary for restoration of myocardial 
contractility.15-!7 

Infarct size after reperfusion: In experiments 
utilizing a closed chest experimental preparation,’ 





Maroko et al.'° have reported that infarct size as de- 
termined by S-T segment elevation and myocardial 
creatine phosphokinase activity can be markedly re- 
duced by reperfusion after 3 hours of coronary occlu- 
sion. Similar results on myocardial structure have 
been reported by Ginks et al.,!8 who found a substan- 
tial circumferential reduction in infarct size after 7 
days of reperfusion. This is understandable if it is 
realized that the degree of ischemic damage dimin- 


FIGURE 6. Left ventricular cardiac mus- 
cle after 90 minutes of coronary occlu- 
sion (A), followed by 60 minutes of re- 
perfusion (B). (X 16,500, reduced by 50 
percent.) 
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ishes progressively from the central zone of maximal 
ischemia to the peripheral border zone of partial 
ischemia and that changes in this “twilight zone” be- 
tween absolute ischemia and area of normal perfu- 
sion are reversible if reperfusion is prolonged beyond 
60 minutes. This view is also substantiated by our 
data from myocardial surface electrograms recorded 
in the central zone of the infarct. Dissection of the 
left anterior descending coronary artery before its oc- 
clusion produced S-T segment elevation of 3.17 + 
1.25 mv (mean + standard error of the mean). S-T 
segment elevation increased significantly (P <0.02) 
within 15 minutes after coronary occlusion, and this 
trend was maintained throughout the period of isch- 
emia. At the peak of the ischemic period the value 
was 11.33 + 2.66 and it was still high (6.60 + 1.49 mv) 
at the end of 60 minutes of reperfusion, a value not 
significantly low (P >0.1) when compared with that 
at the end of the ischemic period. Slight but insignifi- 
cant (P >0.05) improvement in maximal left ventric- 
ular dP/dt noted in the group with 30 minutes of 
ischemia may partly be due to altered compliance of 
the ischemic zone, which changes from a relaxed non- 
contracting area to a contracted, edematous and stiff 
segment upon reperfusion. Our data on ultrastruc- 
ture during reperfusion appear to support this hy- 
pothesis. 

Myocardial high energy stores after reperfu- 
sion: Inability of myocardial contractility to recover 
after 60 minutes of reperfusion can also be examined 
in the light of our findings on high energy stores. De- 
pressed high energy phosphate levels after 60 or 90 
minutes of ischemia did not turn to normal upon re- 
perfusion. Since the values for creatine phosphate, 
ATP and total nucleotides in this study are expressed 
in terms of wet tissue weight, it is possible that de- 
creases in these variables after reperfusion of myo- 
cardium subjected to 60 and 90 minutes of ischemia 
may have been due to an increase in cell water.?*76 
This can not be entirely so because the ATP/ADP 
ratio was also depressed in reperfused myocardium 
after 60 or 90 minutes of ischemia. Since this ratio is 
a well known sensitive index of the status of oxida- 
tive phosphorylation, we suggest that the inability of 
the ischemic myocardium after 60 and 90 minutes of 
coronary occlusion to recover its high energy phos- 
phate stores to control levels upon reperfusion may 
partly be due to a defect in the ability of mitochon- 
dria to generate energy. 

Serum enzymes and myocardial ultrastructure 
after reperfusion: Serum enzyme determinations 
have been widely used in the diagnosis and assess- 
ment of myocardial infarction.5.29-?? In this study an 
attempt was made to correlate directly the serum en- 
zyme levels (CPK, GOT and LDH) in coronary sinus 
blood to the ultrastructure of the myocardium during 
experimentally induced ischemia and subsequent 60 
minutes of reperfusion. Biopsy material and samples 
of coronary sinus blood were obtained simultaneously 
in the same hearts. The initial values indicated the 
effect of thoracotomy, pericardiotomy and dissection 
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b 
hs 3 
of the left anterior descending coronary artery on the E 
enzyme activity in coronary sinus blood serum. Sub- — 
sequent ischemia for 30, 60 and 90 minutes produced — 
various degrees of change in enzyme levels, but the — 
most dramatic changes were observed upon reperfu- . 
sion, particularly in hearts subjected to 60 and 90 3 
minutes of ischemia. All three enzymes studied — 
(CPK, GOT and LDH) showed several-fold increases . 
in activity levels (P <0.05) in coronary sinus blood . 
serum. This finding can be interpreted to reflect 
damage to the cell membranes and leakage of intra- | 
cellular enzymes during reperfusion. 1 
Actual breakdown of sarcolemmal membranes ~ 
upon reperfusion of an ischemic myocardium has . 
been demonstrated "by several workers.!416,17,28-25 — 
Functional impairment of cell membranes alone 
should be sufficient to provide such changes in en- - 
zyme levels, and this is particularly true of our group © 
with 60 minutes of ischemia, which had the highest. | 
level of changes. There is no doubt that gross changes. ; 
in ultrastructure are noticeable upon reperfusion in 
this group but these cells are by no means necrotic as- 3 
they would be under the classic description of an in- | 
farct. It is also noteworthy that the highest degree of — 
change in the surface electrocardiogram, noticed at — 
the end of the ischemic period, did not correspond . 
with the highest enzyme levels in coronary sinus — 
blood serum, and in this respect our findings appear 
to differ from those of Maroko et al.!° and Ginks et | 
al.|5 Caution should therefore be exercised in esti- — 
mating the degree of ischemia and the size of the - x. 
ischemic area from the level of serum enzymes alone. | 
'The size of the ischemic area was essentially similar | 3 
in all three groups (30, 60 and 90 minutes of isch- - 
emia) as were the serum enzyme levels at the end of $ 
the ischemic period. However, during the period of — 
reperfusion there were dramatic differences that — 
could be interpreted as indicating increased infarct | 
size if a direct relation between enzyme levels and in- — 
farct size is accepted. It should be clear that func- - 
tional damage to cell membranes is as important in 
this respect as the number of cells involved. The very : 
steep rise of serum enzyme levels during reperfusion - | 
by comparison with the levels during ischemia would, — 
in a clinical setting, suggest development of collateral | 
blood flow. 
Cell damage after reperfusion: Changes in niyo- 
cardial ultrastructure due to acute ischemia and the - 
effect of subsequent reperfusion have been amply re- - 
ported,!4:16.17,23-26 and our findings are in essential - 
agreement with previous studies. The two electron 
photomicrographs pertaining to each of the groups | E 
with 30, 60 or 90 minutes of ischemia belong to the - 
same heart. Biopsy specimens for these studies were 
obtained from sites in the central area of the ischemic - 
zone about 5 mm apart from each other. Comparison ~ 
of Figures 4A, 5A and 6A clearly demonstrates the | 
progression in damage to myocardial cells as the du- 
ration of ischemia is prolonged. All the recognized - 
changes, !4:20,23,25.26 such as relaxed myofibrils, intra- 
cellular edema, swelling of the sarcoplasmic reticu- - j 
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a lum and mitochondrial damage, decrease in electron 
_ density of the matrix and partial loss of cristae, can 
-~ . readily be seen ranging in degree from minimal (after 


30 minutes of ischemia) to gross (90 minutes of isch- 


emia). Reperfusion after a period of ischemia pro- 


duces gross contraction of myofibrils and further 


_ damage to mitochondria and sarcoplasmic reticulum 


(Fig. 4B, 5B and 6B). Jennings et al.!^ have suggested 
that cell damage is reversible by reperfusion after 15 


- to 20 minutes of ischemia. About 50 percent of the 
 . myocardial cells in the ischemic zone are regarded as 


irreversibly damaged after 40 minutes of ischemia, 
and 60 minutes of absolute ischemia produces irre- 


— versible damage to about 100 percent of the cell mass 
in the ischemic area. Adverse'effects of reperfusion 
. such as breaking of sarcolemmal membranes have 

been shown by Kloner et al.?? Furthermore, dramatic 
alteration in the electrolyte contents of the ischemic 
. myocardium has been shown to occur upon reperfu- 
.. Sion.?6 


It has been suggested? that damaged myocardial 
cell membrane will permit abnormal entry of calcium 


— jon during reperfusion and will cause calcium over- 
— load.!*!7 Several authors!^?*?5 have described the 
appearance of dense bodies within the mitochondria 


at this stage, and these are regarded as calcium de- 
posits. Our results and those of others!4^??-?6 con- 


= cerning contracted myofibrils in reperfused ischemic 


k myocardium can be explained on the basis of elevat- 


— ed levels of intracellular calcium ion. It has also been 
= -suggested?? that intracellular calcium overload is in- 
_ volved in myocardial fiber necrosis, and it is likely 


— that this is the mechanism of the observed extensive 
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ultrastructural damage brought about by reperfusion 


_ of the ischemic myocardium. Areas showing a high 
- degree of partial contraction have been demonstrated 
. during the early stages of ischemia in the peripheral 
- zone of the ischemic myocardium.?^?^ Korb and To- 
= tovic** have suggested that these areas may be 


caused by an influx of blood plasma constituents 


from the surrounding nonischemic myocardium into 
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this damaged area. If this is so, then their origin is 
very similar to that of the contracted myofibrils seen 
after reperfusion of ischemic myocardium. 

Clinical implications: Our results suggest that 
changes brought about by 30 minutes of myocardial 
ischemia are reversible upon reperfusion and the 
same may be true for 60 minutes of ischemia. Ninety 
minutes of myocardial ischemia will produce serious 
biochemical and ultrastructural damage that may 
show further deterioration during the first 60 min- 
utes of reperfusion. Longer periods of reperfusion 
may be beneficial, but further study is required to 
determine if areas of myocardial damage will improve 
after prolonged reperfusion. Complete salvage of 
grossly damaged areas that represent the very core of 
the myocardial infarct may not be possible unless 
reperfusion is established within 60 minutes, and in 
this respect we agree with the conclusions of Jen- 
nings et al.!* However, this is not the heart of thera- 
peutic and surgical strategy in the management of 
acute and progressing myocardial infarction. The 
major thrust of these measures is against the area of 
partial loss of perfusion that occupies the peripheral 
zone of the infarct. It has been shown!'?-! that sub- 
stantial recovery, sometimes as much as 90 percent of 
the initial overall size of the infarct, can be made 
even after 3 hours of total coronary occlusion. This 
may therefore be regarded as a reasonable limit of 
time available for revascularization procedures. Fur- 
ther studies with prolonged perfusion of the ischemic 
myocardium are warranted in order to establish the 
pattern of recovery of the damaged heart cells, and 
these are currently in progress in our laboratory. 
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The effects of coronary reperfusion on recovery of regional myocardial 
contractility and high energy phosphate levels were studied in dogs 
after various periods of coronary occlusion. Segmental changes in 
myocardial contractility were measured by means of a strain gauge- 
tipped, two-pronged catheter probe that measures myocardial fiber 
shortening. The curves of contraction are sensitive to the effects of 
ischemia. Coronary occlusion resulted in a rapid replacement of fiber 
shortening by passive fiber lengthening. If coronary occlusion was re- 
leased and blood flow restored within 45 minutes, myocardial contrac- 
tility returned promptly; adenosine triphosphate and creatine phos- 
phate values were restored to normal. With coronary occlusion of 1 
hour or longer, contractility failed to return in the immediate postperfu- 
sion period, but delayed return was recorded after 2 weeks of reperfu- 
sion. The extent of such recovery varied with the duration of preceding 
occlusion. Thus, reperfusion after 1 hour of occlusion was followed by 
return of fiber shortening over the entire reperfused region. With 2 
hours of occlusion, recovery occurred over 75 percent of the reper- 
fused myocardium. With 3 hours of occlusion followed by reperfusion, 
recovery of contractility was only partial, comprising approximately 60 
percent of the reperfused region. High energy phosphate content of the 
reperfused myocardium showed a similar pattern of recovery. With oc- 
clusion of longer duration, reperfusion failed to restore contractility to 
any significant extent. These findings indicate that reperfusion after 
coronary occlusion of 1 to 3 hours may restore contractility over a pe- 
riod of 2 weeks, but the extent of such recovery diminishes with the in- 
crease in the duration of occlusion. 


With the advent of surgical revascularization of ischemic myocar- 
dium in man, it has become of clinical importance to establish the 
maximal period of coronary occlusion that is compatible with con- 
tractile recovery upon reperfusion. The factors that determine myo- 
cardial viability are numerous and remain ill defined.!-5 A difference 
Is known to exist between viability of the whole heart subjected to 
surgical anoxic arrest and that of regionally ischemic myocardium 
when only a segment of coronary circulation is interrupted. In coro- 
nary occlusion, the need for maintenance of contractile activity with 
its attendant demands for efficient aerobic metabolism plays a major 
role in increasing the severity of ischemic injury and in reducing sur- 
vival time.!? 

Studies of the reversibility of myocardial ischemic injury by other 
investigators?-!! have focused primarily on the immediate postperfu- 
sion period. Hamer,!? on the other hand, suggested that slow contrac- 
tile recovery may occur with reperfusion even after prolonged periods 
of coronary occlusion. In this study, whose preliminary results were 
first reported in 19711?/4 both the immediate and the delayed effects 
of coronary reperfusion were examined. Contractile recovery was 
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studied by means of a strain gauge-tipped catheter 
probe that measures myocardial fiber shortening 16,16, 
by mapping segmental changes in myocardial con- 
traction over the surface of the left ventricle.!6 The 
curves of cardiac contraction so obtained are ex- 
tremely sensitive to the effects of ischemia and reper- 
fusion.19.17 Two types of contractile responses to re- 
perfusion were recorded. If reperfusion occurred 
within 45 minutes of coronary occlusion, there was an 
immediate return of contractility. With extended pe- 
riods of coronary occlusion, reperfusion failed to re- 
store contractility in the early postperfusion period, 
but a delayed recovery of contractility occurred over 
a period of 2 weeks subsequent to reperfusion. Since 
high energy phosphates provide the energy for con- 
tractile functions of the myocardium,!?-?? a study of 
changes in adenosine triphosphate (ATP) and cre- 
atine phosphate (CP) content of the myocardium was 
undertaken. Changes in contractility were compared 
with alterations in high energy phosphate content of 
. the reperfused myocardium. 


Methods 


tions.!5!6 In this study the probe was used primarily to 


demonstrate the directional changes in the curves of short- _ 
ening after coronary occlusion and subsequent reperfusion. — 


Curves of shortening as measured with the strain gauge 
probe are extremely sensitive to the effects of transient 
ischemia and reperfusion.!? 

Coronary occlusion: By occluding one of the major 
branches of the left anterior descending coronary artery, 
medium-sized areas of ischemia were produced." By. 
means of the strain gauge probe, control curves of contrac- 
tion were obtained from the region supplied by the artery 
to be occluded. The probe was positioned in the center of 
this area and recordings were made continuously as the ar- 


tery was occluded. In this manner, the exact time course of | 


changes in the curves of contraction were studied. As the 


probe was inched away from the center toward the periph- - 
ery, the ischemic zone was mapped out as the region in © 


which contractility was lost and replaced by the inverted 


curve (inscribed downward) of passive fiber lengthening.” 

In six control dogs, coronary ligation was made perma- . 
nent. The ischemic area was studied for 3 hours after coro- — 
nary occlusion. Thereafter, the chest was closed and the - 
animals were restudied 2 weeks later following a protocol — 


similar to that for the animals undergoing reperfusion ex- 
cept for omission of the release of coronary occlusion. 
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Experiments were performed in 60 mongrel dogs weigh- Coronary reperfusion: In 25 experiments in 15 dogs ~ 
ing 15 to 22 kg and anesthetized with sodium pentobarbital (Group I), the immediate effects of coronary reperfusion on | 
(25 mg/kg) given intravenously. The trachea was intubated recovery of contractility were studied after a period of coro- 
and artificial ventilation, using room air, was instituted by nary occlusion that ranged from 10 to 55 minutes. The oc- 23 
means of a Harvard respirator pump. Thoracotomy was clusion clamp was released and blood flow restored at 10 E 
performed in the fifth left intercostal space and the peri- minute intervals up to 30 minutes of occlusion and thereaf- | 
cardium was opened anterior to the left phrenic nerve. The ter at 5 minute intervals. In 34 animals (Group II) the peri- s 
left anterior descending coronary artery was mobilized by od of occlusion ranged from 1 to 5 hours. Possible return of 


dissection and a rubber-sheathed curved arterial clamp de- 
scribed previously! was used to produce intermittent oc- 
clusion of one of its major branches. Left ventricular pres- 
sure was monitored through a stiff-walled catheter directly 
connected to a Statham P23Db transducer system and an 
Electronics for Medicine recorder. Zero level for pressure 
measurements was set at the mid-chest position. Left ven- 
tricular end-diastolic pressure was recorded using higher 
sensitivity at the end-expiratory phase of the respiratory 
cycle. 

Regional contractility: A strain gauge catheter probe 
that measures myocardial fiber shortening, previously de- 
scribed in detail,?!6 was used to measure segmental» 
changes in contractility. Briefly, the device consists of two 
strain gauge-bearing prongs mounted on a stylette. There 
is a linear relation between the spacing of the prongs and 
the strain in the gauges. The distance between the prongs 
is 2.5 mm, thus permitting study of the curves of contrac- 
tion over small segments of myocardium. 'The prongs were 
extended to the outside of the catheter and were directly 
inserted into the subepicardial surface of the left ventricu- 
lar wall. Only terminal points of the prongs were engaged 
into the myocardium. As described previously, to obtain 
smooth curves of fiber shortening devoid of deformities the 
prongs are positioned parallel to the axis of myocardial fi- 
bers.1?:16 As the prongs follow the course of fiber shortening 
in systole, curves of contraction are inscribed in an upward 
direction on a beat to beat basis. Deeper insertion or slip- 
page of the prongs results in development of deformed 
curves. Maintenance of subepicardial placement of the 
prongs is essential for continuous recording of the curves of 
fiber shortening. The validity and stability of the measure- 
ments of these curves obtained with the strain gauge probe 
have been tested and reported in a series of publica- 


contractility was studied for 2 to 3 hours after release of oc- 


clusion in each of the animals. If contractility failed to re- . 


Dorm 


turn, then the chest was closed in layers, pneumothorax 


was evacuated and the animals were allowed to recover. 
Possible delayed recovery of contractility was studied by 


reexamining the reperfused region 2 weeks later. 'l'horacot- _ 


omy was performed and hemodynamics were measured in a 
manner similar to that of the initial study. 
To study recovery of contractility, mapping of the reper- 


fused region was carried out by means of the strain gauge _ 
probe. Since the distance between prongs of the probe is — 


2.5 mm, it is possible to differentiate segmental areas show- 


ing myocardial contraction (upwardly inscribed curve) 
from the adjoining noncontracting segments (inverted 


curve). As the probe was inched away from the center 
toward the periphery, the segmental changes in the curves 


were recorded. Schematic diagrams showing distribution of — 


changes in curves were made using arteries and veins as the 


landmarks. A rough estimate of the area that registered — 


curves of contraction was made and expressed as a percent- 
age of the total reperfused region. 

Biochemical measurements: Myocardial biopsy sam- 
ples were taken by means of a bone rongeur precooled in 
liquid nitrogen as reported previously.?! Biopsy samples 
were obtained from the center of the reperfused area and 
from the noninfarcted areas of the left ventricle. The myo- 


cardial samples were immediately placed (within 1 second) 


in precooled Freon 219. The latter produces rapid and 
thorough freezing of the samples. The specimens were then 


transferred to and stored in liquid nitrogen. After the tis- - 


sue was weighed, the frozen samples were pulverized and 


homogenized with 1 ml of perchloric acid per 100 mg tissue. 


Adenosine triphosphate (ATP) content was determined ac- 


cording to Adam?? as described previously. Creatine - 
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; phosphate (CP) was measured by utilizing the following 
reaction??: 
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CP + ADP CPK C + ATP 
——»- 


: A. where ADP = adenosine diphosphate and C = carbon. The 
. adenosine triphosphate formed was subsequently deter- 
— . mined as mentioned. The recovery of creatine phosphate 
- was 95 percent + 4 percent (standard error of the mean). 
_ Biopsy samples were taken at the time of the study of re- 
- Covery of contractility. The results were expressed in mi- 
__cromoles per gram of tissue. In animals with 45 minutes of 
coronary occlusion, samples were taken 5 minutes after 
-. reperfusion. In animals with 1 to 3 hours of occlusion, sam- 


» 
la 
7 


D e 


RSCR 


NICE 


cepe xr teg OS. 
Su c) ae à 4 Cai Hu 
: CiU quies. 


v 


TAR, ES 
we 





_ FIGURE 2. Recovery of contractility in the immediate postperfusion 
-— . period. Schematic representation of the mapping of the reperfused 
à . region by means of the strain gauge catheter probe shows that re- 
_ perfusion after 30 minutes (A) and 45 minutes (B) of coronary oc- 
. . Clusion results in prompt return of contractility over the entire region 
|». (upward curve). However, reperfusion after 50 minutes of occlusion 
... (C) fails to restore contractility (inverted curve). LA = left atrium; 
. LAD - left anterior descending coronary artery; LV — left ventricle. 
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FIGURE 1. Effect of coronary reper- 
fusion on the curves of myocardial 
contraction. In the control state the 
curve of myocardial contraction is in- 
scribed in an upward direction. Two 
seconds after occlusion, the late sys- 
tolic portion of the curve begins to 
show inversion. At 10 seconds the 
curve is inverted, indicating loss of 
fiber shortening and its replacement 
by passive fiber lengthening. After re- 
lease of coronary occlusion at 45 
minutes, the original upward inscrip- 
tion of the curve associated with an 
initial overshoot is restored, indicating 
recovery of contractility. P — left ven- 
tricular pressure. 


RELEASE OF OCCLUSION 
AFTER 45 MIN. 
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ples were taken during the study for delayed recovery of 
contractility 2 weeks after reperfusion. Biopsy samples 
were also obtained from 5 sham-operated animals in which 
the same protocol was followed except for the omission of 
coronary ligation. 

Histology: Random myocardial specimens were ob- 
tained for histologic examination from the center and pe- 
riphery of the reperfused region as well as from the non- 
ischemic area. The specimens were fixed in a solution of 10 
percent formalin and stained with hematoxylin-eosin and 
Giemsa stains. The sections were examined independently 
of the knowledge of the experimental protocol. The pres- 
ence of infarction was identified and its extent estimated 
from the relative amounts of normal and infarcted tissues 
in a given section, but histologic examination was not used 
to quantitate the total extent and distribution of infarcted 
myocardium in the reperfused region. 


Results 


Early Postperfusion Period 


The systolic curve of myocardial contraction (fiber 
shortening) is inscribed upward. In diastole, corre- 
sponding to myocardial relaxation and fiber length- 
ening, the curve is inscribed downward (Fig. 1). Coro- 
nary occlusion resulted in an immediate decline in 
the amplitude of the curve of contraction. At 2 to 5 
seconds, the late systolic portion of the curve was in- 
verted and at 10 to 30 seconds the entire curve was 
inscribed downward, indicating loss of systolic fiber 
shortening and its replacement by dyskinetic passive 
fiber lengthening (Fig. 1). Release of coronary occlu- 
sion and restoration of blood flow resulted in a 
prompt return of the original upward inscription of 
the curve, indicating recovery of contractility. There 
was an initial overshoot in the amplitude of the curve 
of contraction coinciding with the phase of hyperem- 
ia (Fig. 1). This sequence of events in which the curve 
of contraction becomes inverted with coronary occlu- 
sion and returns to the upright inscription with re- 
lease of ocelusion could be repeated several times in 
the same animal. Reproducibility of these changes 
was established in 15 experiments, thereby demon- 
strating that the curve of contraction is extremely 
sensitive to the effects of ischemia and reperfusion. 

Coronary occlusion was released at 10, 20 and 30 
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FIGURE 3. Effect of reperfusion after 1 hour of 


coronary occlusion. The inverted curve of pas- 
sive fiber lengthening that followed coronary oc- 


ii 


clusion remained unchanged for several hours CONTROL CORONARY REPERFUSION REPERFUSION 3 
after release of occlusion. Two weeks later, ^ 
however, the upward inscription of the curve OCCLUSION !1 Hr.) (2 Hrs.) (2 Weeks.) 7a 
was restored, indicating recovery of fiber short- E 

P(mm/Hg) 105/4 102/5 97/3 75/3 v 


ening. 


FIGURE 4. Effect of reperfusion after 2 hours of 


coronary occlusion. Release of occlusion failed 

to restore contractility in the immediate postper- CONTROL CORONARY OCCLUSION REPERFUSION REPERFUSION 
fusion period. Two weeks later, however, the (2 Hrs) (2 Mrs) (2 Weeks) - 
upward curve of fiber shortening was regis- 

tered, indicating return of contractility. Pí mm Hg! 140/ 2 122/2 132/2 110 / 3 


FIGURE 5. The inverted curve of fiber length- 
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ening that tolowed coronary occlusion re. CONTROL CORONARY OCCLUSION REPERFUSION REPERFUSION 
mained inverted for 2 to 3 hours after release of , 
occlusion. After 2 weeks of reperfusion, how- (3 Hrs) (2 Hrs) (2 Weeks) | 
ever, the upward curve of myocardial contrac- ) 
tion was again recorded. P (mm Hg) 120/0 115/2 112/2 75/2 


minutes in three experiments each. The curve of con- 
traction returned promptly in each instance. Subse- 
quently, effects of reperfusion at 35, 40, 45, 50 and 55 
minutes were studied in three experiments each. In 
all experiments with reperfusion occurring at 35, 40 
and 45 minutes, recovery of contractility promptly 
followed the release of occlusion (Fig. 1 and 2). How- 
ever, with reperfusion at 50 and 55 minutes, curves of 
contraction failed to return over a period of 2 hours 
during which the observations were made (Fig. 2). 


Delayed Recovery of Contractility 


As the duration of occlusion was increased from 1 
to 5 hours, reperfusion failed to restore contractility 


over a period of 2 to 3 hours during which the obser- 
vations were made (Fig. 3 to 5). When these animals : 
were reexamined after 2 weeks of reperfusion, curves - 


of contraction were recorded over the reperfused re- 


gion; the extent of recovery of contractility varied © 


with the duration of the preceding occlusion. In six 


dogs in which coronary occlusion was released after 1 


hour, contractility returned over the entire reper- 
fused region. A representative tracing (Fig. 3) and the 


schematic mapping of the reperfused region (Fig. 6) - 


t- 


are shown. In eight animals with 2 hours of coronary — 
occlusion followed by reperfusion, curves of fiber. 


shortening were recorded over an average of 75 per-- 


cent of the reperfused myocardium (Fig. 4 to 6). The 
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. FIGURE 6. Delayed recovery of contractility at 2 weeks after reper- 
. fusion. Schematic representation of the mapping of the reperfused 
.. region is shown. A, in an experiment with 1 hour of coronary occlu- 
- «sion, curves of fiber shortening (upward curve) were recorded over 
KU the entire reperfused region. B, in an experiment with 2 hours of oc- 
.. elusion, the distribution of the curves of fiber shortening versus the 
-. curves of fiber lengthening (downward curve) indicated that contrac- 
— tility returned over approximately 75 percent of the reperfused re- 
gion. C, in an experiment with 3 hours of occlusion, curves of fiber 
poe were recorded over an area constituting approximately 


_ 60 percent of the reperfused region. 
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x 
E noncontracting myocardial segments were mostly 
. clustered in the center of the reperfused region. In six 
_ of the eight animals with 3 hours of occlusion, 2 
- weeks of reperfusion resulted in only partial recovery 
- of contractility. As seen in Figure 6, curves of con- 
.. traction were recorded over an average of 60 percent 
i of the reperfused region. Noncontracting segments 
3 were chiefly concentrated in the center and extended 
. outward. In two animals, contractility failed to re- 
. turn. Of six animals with 4 hours of occlusion, only 
two showed some recovery of contractility over an es- 
- timated area of 15 to 20 percent of the reperfused re- 
gion; in the remaining four animals, reperfusion 
_ failed to restore contractility. Of six animals with 5 
. hours of coronary occlusion, curves of contraction 
_ failed to return over most of the reperfused region. 


— — In the group of six control animals in which coro- 
_ nary occlusion was not released, the inverted curve of 
- dyskinesia was recorded over the ischemic area for 1 
_- to 3 hours after ligation. Two weeks later when these 


E animals were restudied, the ischemic myocardium 
ki 
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showed either dyskinesia (inverted curve) or akinesia 
(flat curve). In none of these animals were curves of 
fiber shortening indicative of the recovery of contrac- 
tility recorded over the ischemic region. 


Biochemistry 


There was a decrease in the myocardial adenosine 
triphosphate and creatine phosphate content of the 
nonischemic region of the left ventricle as compared 
with control values obtained from the sham-operated 
animals without coronary occlusion (Table I). This 
was particularly marked in animals with 3 hours of 
occlusion in which adenosine triphosphate decreased 
by 23 percent and creatine phosphate by 30 percent 
as compared with the control values. In view of these 
changes in the nonischemic zone, the reperfused re- 
gion was compared with the control values obtained 
from the sham-operated animals. Reperfusion after 
45 minutes of coronary occlusion resulted in com- 
plete restoration of both the adenosine triphosphate 
and creatine phosphate values. In animals with 1 to 3 
hours of coronary occlusion, study after 2 weeks of 
reperfusion showed that changes in high energy phos- 
phates varied with the duration of preceding coro- 
nary occlusion. Thus in animals with 1 hour of occlu- 
sion, myocardial adenosine triphosphate content of 
the reperfused region was 87 percent and creatine 
phosphate content was 95 percent of the control 
values. In animals with 2 hours of occlusion, adeno- 
sine triphosphate values were 75 percent and creatine 
phosphate values 83 percent of control levels. Reper- 
fusion after 3 hours of occlusion resulted in adeno- 
sine triphosphate content that was 56 percent and 
creatine phosphate content that was 60 percent of 
control values. 


Histology 


Histologic examinations of the nonischemic area 
and the periphery of the reperfused region revealed 
no significant abnormalities. The center of the reper- 
fused region in four animals with 1 hour of coronary 
occlusion showed no evidence of an infarct. In the re- 
maining two animals, the infarcted tissue constituted 
9 to 10 percent of the myocardial tissue in the sec- 
tion. In animals with 2 hours of occlusion, there were 
scattered focal areas of infarction that constituted 15 
to 25 percent of the tissue in the section. In animals 
with 3 hours of occlusion, scattered areas of focal in- 
farction constituted 30 to 40 percent of the myocar- 
dium in the section. In animals with occlusion of 4 or 
5 hours, extensive infarction was seen in the section. 
These observations based on single histologic section 
obtained from the center of the reperfused region do 
not provide quantitative delineation of the distribu- 
tion of contracting versus noncontracting segments. 


Discussion 


Development of methods to salvage ischemic myo- 
cardium is central to the evolution of a successful 
treatment program for acute myocardial infarction. 
It has recently been emphasized that there is a close 
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Effect of Coronary Reperfusion on Myocardial Adenosine Triphosphate and Creatine Phosphate Content 


(mean + standard error) 


Adenosine Triphosphate (umoles/g) 





Nonischemic Region 


Reperfused Region 


Creatine Phosphate (umoles/g) 


ia l l eee eee eee arn EE RURSUM ONMMEN 


Nonischemic Region Reperfused Region 


Control* 5.45+ 0.31 7.54 + 0.24 
(no. = 5) 

45 min. 5.59 + 0.40 5.33 + 0.39 7.74 + 0.36 7.20 + 0.30 
(no. = 4) 

l hr 5.20 + 0.26 4.73 + 0.53 7.57 + 0.53 7.18 + 0.76 
(no. = 4) 

2 hr 5.02 + 0.49 4.07 + 0.65 6.98 + 0.64 6.26 + 0.53 
(no. = 5) 

3 hr 4.18 + 0.23 3.06 + 0.19 5.27 + 0.42 4.50 + 0.35 
(no. = 6) 
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* Sham-operated animals. 


correlation between the number of myocardial con- 
tractile units lost and the mortality in acute myocar- 
dial infarction.24-26 A number of physiologic and 
pharmacologic interventions have been shown to 
modify myocardial infarct size.!^?7 In our previous 
study," we demonstrated that of cardiac stimulant 
drugs, isoproterenol is most likely to extend infarct 
size. An increase in afterload with methoxamine also 
results in an extension of infarct. Maroko et al.?’ 
have reported that interventions with oxygen-sparing 
agents such as propranolol may decrease the extent 
of ischemic injury. Hyaluronidase and corticoste- 
roids?? have also been credited with a similar effect. 
This ability to alter infarct size is essentially depen- 
dent upon the presence of ischemic but viable myo- 
cardial cells. 

The factors that determine myocardial viability 
have not been precisely defined. The magnitude of 
ischemic injury is dependent on the state of cells 
prior to injury, the level of endogenous glycogen 
stores, cellular pH and ionic milieu, substrate avail- 
ability and the state of collateral circulation.” 
The point of irreversible injury is controlled by the 
combined effects of metabolic breakdown of energy 
production, autolysis, protein denaturation, efflux 
from within the cell of enzymes, coenzymes and elec- 
trolytes.3102930 Recovery is possible as long as the 
nuclei and cell membranes are intact.! 

Contractile changes in early reperfusion peri- 
od: In this study, the effects of ischemia and reperfu- 
sion were studied by means of a strain gauge-tipped 
catheter probe that measures myocardial fiber short- 
ening.l^!7 The probe registers curves of myocardial 
contraction over localized segments of the ventricular 
wall,6173! which makes it possible to map the isch- 
emic region before and after coronary reperfusion. 
Curves of contractility are extremely sensitive to the 
effects of ischemia.!©!7 Contractility decreases imme- 
diately and failure of contraction is complete within 
15 to 30 seconds after coronary occlusion. Inability to 
contract is associated with passive distension (fiber 
lengthening) as ischemic myocardium yields to intra- 


ventricular pressure: This is reflected in the inversion ~ 
or downward inscription of the curve in systole (dys- : 
kinesia) (Fig. 1). If coronary occlusion is released at . 


CONTRACTILE AND BIOCHEMICAL EFFECTS OF REPERFUSION—PURI — 


- 
- k 

- xi» v fs > Vm . L 
SS ACE. > 


any time within 45 minutes, the original upward in- — 
scription of the curve of myocardial contraction is — 


promptly restored, indicating return of contractility — 
(Fig. 2). This sequence of events is reproducible in . 


the same animal as well as in a group of animals. 


These findings indicate that 45 minutes is the time - 
limit of coronary occlusion compatible with an imme- | 
diate return of contractility upon reperfusion. Re- - 
sults of similar previous studies have been variable. - 
Thus, Tennant and Wiggers suggested that recovery - 
of contractility over 23 minutes of occlusion was only 


partial or absent. Blumgart et al.” using light micros- 


copy observed that with occlusion of 25 to 45 min- . 
utes, gross detectible lesions were present that were | 
roughly proportional to the duration of occlusion. © 
Studies of Yabuki et al? indicated that with release | 
of occlusion in less than 30 minutes changes were . 
only minimal; with occlusion of 45 minutes, however, - 
necrosis was present. Krug et al.? reported that reviv- J 
al time for contractility after coronary occlusion was 
30 to 45 minutes. Morphologic studies by Jennings et — 


al.!° have shown that after 45 minutes of ischemia, : 
more than 60 percent of affected cells remained via- - 


ble. 


Delayed recovery of contractility: The delayed | 
recovery of contractility observed after 2 weeks of. 
reperfusion is a significant observation. The extent of 
recovery varied with the duration of preceding occlu- - 
sion. Thus, after 1 hour of occlusion, contractile re- 
covery occurred over most of the reperfused region 


(Fig. 3 and 6). As the duration of occlusion was in- 


creased to 2 hours, only 75 percent of the reperfused - 
myocardium recovered (Fig. 4 and 6). With 3 hours of | 
coronary occlusion, the extent of contractile recovery 
was further reduced to about 60 percent of the reper- - 
fused region (Fig. 5 and 6). With longer periods of oc- - 
clusion of 4 to 5 hours, there were only a few focal- 
areas registering curves of contraction. These find- 
ings, originally observed in 1971, constituted the. 
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A first demonstration of regional functional recovery 
. and reversal of paradoxical motion of ischemic myo- 
~ cardium upon reperfusion after extended periods of 
_ coronary occlusion. Study of the high energy phos- 
5 phate metabolism in the reperfused myocardium, the 
_ preliminary report of which was published ear- 
- lier,!^3? indicates that corresponding to the contrac- 
E tile recovery, there occurred resynthesis of myocar- 
- dial high energy phosphates. Coronary occlusion re- 
_ sults in depletion of myocardial adenosine triphos- 
i phate stores.!5-?? Reperfusion after 1 hour of coro- 
Lad 
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= nary occlusion resulted in almost complete restora- 
. tion of adenosine triphosphate and creatine phos- 
.. phate values. With longer periods of occlusion there 
- was a progressive decrease in the recovery of these 
- values after reperfusion (Table I). Since adenosine 
- triphosphate provides the energy for contractile 
_ functions of the myocardium,!?-?? the parallel seen 
- between resynthesis of adenosine triphosphate and 
3 recovery of contractility is of significance. 

E _ In a recent study, Ginks et al.,33 using epicardial 
_ electrograms and myocardial enzymes, showed that 
. reperfusion after 3 hours of coronary occlusion re- 
a sulted in a decrease in infarct size at 1 week. On the 
period after coronary occlusion of 3 to 5 hours by 
a Lang et al.?* and by Bresnahan et al.35 have suggest- 


SA 


ed hemodynamic and metabolic deterioration and 


l hemorrhagic extension of infarct. It seems to us, how- 


3 other hand, studies in the immediate postperfusion 


her 


` 


ever, that contractile recovery can occur even after 
- prolonged periods of ischemia, but the process is a 
- slow one extended over a period of weeks. These ob- 
B ervations confirm the contention of Hamer,!2 who 


- suggested that slow contractile recovery is possible 
_ with reperfusion even after prolonged periods of oc- 
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clusion. One of the factors contributing to myocardial 
salvage may be the fact that not all myocardial fibers 
are unalterably necrosed at the same time. In a given 
population of myocardial fibers there seem to be var- 
ious degrees of biologic resistance to ischemic injury. 
Thus, contracting and noncontracting fibers were 
found to lie adjacent to each other. Whether this dif- 
ference is dependent merely on the presence or ab- 
sence of collateral circulation or is related to an in- 
trinsic variation in metabolic characteristics of fibers 
is not known. In our previous study on coronary oc- 
clusion," we showed that interposed between the 
central zone of complete ischemia and the nonisch- 
emic myocardium is an intermediate zone of partial 
ischemia in which contractility is diminished but not 
lost. Lushnikov?9 and Cox et al.3” described a similar 
zone by means of histochemical studies. Diminished 
contractility of the myocardium in the intermediate 
zone with attendant decrease in its energy require- 
ments will have the effect of prolonging its viability 
in the face of diminished oxygen delivery.38 
Clinical implications: It may be concluded that 
at least partial salvage of ischemic myocardium is 
possible by coronary reperfusion even after extended 
periods of coronary occlusion. However, such recov- 
ery may not occur in the immediate postperfusion 
period but may require a period of 1 to 2 weeks. Al- 
though one must be cautious in extrapolating results 
of canine experiments to patients, these findings 
have obvious clinical application to the surgical re- 
vascularization of ischemic myocardium in man. 
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Acute infarction was produced in intact conscious dogs by inflating a 
previously implanted balloon cuff around the left anterior descending 
coronary artery. The artery was occluded in 26 control dogs and reper- 
fused by deflating the balloon cuff after 2 hours of occlusion in 19 dogs 
(group Il) and after 5 hours in 11 dogs (group Ill). Serial studies were 
performed and repeated after 48 hours and 7 days. All three groups re- 
vealed hemodynamic and metabolic deterioration with coronary occlu- 
sion and infarct production. Immediately after reperfusion, arrhythmias 
developed in groups Il and Ill and persistent ventricular tachycardia 
was present 2 to 3 hours after reperfusion in 74 percent of animals in 
group Il and 82 percent of those in group III compared with 6 percent 
and 13 percent incidence rates at corresponding times in control dogs. 
Q waves developed in 83 percent of animals in group Il and 100 per- 
cent of those in group III but in only 12 and 27 percent of control ani- 
mals at corresponding times. Hemodynamic deterioration was acceler- 
ated in the postreperfusion period in both groups Il and Ill. Angiograph- 
ic assessment revealed improvement in 42 percent of dogs in group Il, 
but in none of those in group Ill after reperfusion. Myocardial oxygen 
extraction diminished to subnormal levels after reperfusion, indicating 
either reactive hyperemia or shunting effect. Mortality was not signifi- 
cantly influenced by reperfusion. Infarct size was more than 15 per- 
cent of ventricular mass in 92 percent of control dogs and in 100 per- 
cent of dogs in group Ill, but in only 50 percent of those in group Il. 

The data indicate that reperfusion in conscious dogs representing 
early, noninvasive maximal revascularization under ideal circumstan- 
ces fails to prevent deterioration or death; instead it hastens the devel- 
opment of arrhythmias and myocardial injury. Reperfusion, although 
deleterious in the first few hours, can reduce infarct size if performed 
after 2 hours, but not after 5 hours, of occlusion. 


Acute myocardial infarction continues to be a major cause of death in 
spite of strides in treatment made in the past decade. In many cases 
the mortality and subsequent complications depend on the total mass 
of myocardium involved in infarction.'-4 Studies in experimental 
myocardial infarction have suggested that it is possible to alter the 
ultimate size of the infarcted tissue by interventions applied early in 
the course of evolution of infarction®®; the jeopardized zones of myo- 
cardium may respond to favorable interventions, whereas blighted 
and necrotic zones are unlikely to respond.’ Because the major deter- 
minant of ischemic injury is an imbalance between supply and de- 
mand of oxygen and other substrates, it is logical to expect beneficial 
results from an increase of blood flow to the affected area. This resto- 
ration of blood flow may allow the border zones to escape infarction 
and recover partly or completely. Suggestions that this may be the 
case in man have come from results of several studies employing 
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streptokinase in the early stages of acute myocardial 
infarction,9-!! a form of medical revascularization. A 
few centers have even employed surgical revascular- 
ization using aortocoronary bypass grafts in the early 
stages of infarction and have interpreted the results 
as satisfactory.!?-4 

. This study was initiated to test the hypothesis that 
early revascularization of the ischemic myocardium 
in evolving infarction can alter the course favorably 
and possibly reduce infarct size. To achieve maximal 
revascularization, restoration of normal blood flow 
was attempted by reperfusing the occluded coronary 
artery. A model of intact conscious dogs was em- 
ployed to preserve all the reflexes, study the influ- 
ence of infarction alone rather than that of associated 
surgery and anesthesia and allow collection of data 
pertaining to the whole animal rather than to a por- 
tion of its myocardium. Since the initiation of this 
study, Maroko et al.^ and Ginks et al.|6 have pre- 
sented data in anesthetized dogs indicating that coro- 
nary arterial reperfusion can improve local myocar- 
dial function and reduce infarct size. ' 

However, Lang et al." have reported quite oppo- 
site effects. They found serious abnormalities in he- 
modynamic status, metabolic function and morpho- 
logic features of the heart when they reperfused 
seven dogs after 3 hours of coronary occlusion. Also, 
Banka et al.!8 found that reperfusion after 1 hour of 
occlusion resulted in further accentuation of contrac- 
tile abnormalities in the ischemic zone of the myocar- 
dium in each animal and in the border zone in four of 
six animals. They further reported that after 2 and 3 
hours of coronary occlusion, reperfusion was uni- 
formly followed by further decreases in function of 
both the ischemic and border zones. 

Studies in 56 intact conscious dogs involving elec- 
trocardiographic patterns, left ventricular function, 
myocardial metabolic derangements, infarct size and 
mortality are presented in this communication. 


Methods and Materials 


Procedures: Large mongrel dogs weighing 25 to 30 kg 
were operated on under general anesthesia, and through a 
thoracotomy a balloon cuff device (Brunswick Manufactur- 
ing Company, Quincy, Massachusetts) was implanted 
around the left anterior descending coronary artery. The 
dogs were then allowed to recover for 7 to 10 days. With use 
of local anesthesia and light morphine sedation (10 to 15 
mg subcutaneously) with animals in the awake state, the 
femoral and carotid arteries and jugular vein were exposed. 
A transducer-tipped catheter (Millar Instruments, Hous- 
ton, Texas) to obtain high fidelity recordings of pressure 
and derivatives of pressure was positioned in the left ven- 
tricle, a thermistor-tipped catheter was placed in the pul- 
monary artery and other catheters were positioned in the 
aorta, coronary sinus and right atrium under fluoroscopic 
control for constant pressure monitoring, sampling, ther- 
modilution cardiac output determinations and angiogra- 
phy. The electrocardiogram was monitored throughout 
with lead V4. Control measurements were then made of 
pressures from the chambers cited, first derivative of left 
ventricular pressure (dP/dt), heart rate, cardiac output, 
calculated stroke volume and work, oxygen and lactate con- 
tent of arterial and coronary sinus blood, calculated oxygen 
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TABLE | 


Case Material 


Pind o o M sa EL BRP ey SSE SE OMIM a BTS S nudes 
First series (survived for 2 hours) 35 
Control (occlusion maintained) 16 (group IA) 
Reperfusion after 2 hours 19 (group II) 
Second series (survived for 5 hours) 21 
Control (occlusion maintained) 10 (group 1B) 
Reperfusion after 5 hours 11 (group III) 
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and lactate transmyocardial extraction data and left ven- 1 
tricular angiogram with calculated ejection fraction. y 

After the recording of control measurements, myocardial 1 
infarction was produced in the intact conscious animal by — 
slight modification of the technique of Hood et al.’ The E 


Silastic® tubing connected to the balloon cuff device 1 
: 
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teriorized and the balloon progressively inflated in stepwise — 


fashion over the next 10 to 15 minutes with use of an insu- — 
lin syringe and manual control until signs of acute ischemia 
appeared. These signs included peaked T waves, tachycar- 
dia and increased left ventricular end-diastolic pressure 
(Fig. 1 to 3). The balloon was further inflated to ensure - 
complete occlusion of the left anterior descending coronary — 
artery. Arrhythmias appearing in the first 30 minutes after : 
occlusion were treated with lidocaine (a bolus injection of — 
40 mg followed by infusion of 1 to 4 ug/min). All measure- — 
ments were then serially repeated. In addition, coronary 5 
angiography was carried out before and after reperfusion to . 
visualize an occluded left anterior descending coronary ar- - 
tery before reperfusion and a patent artery after reperfu- . 
sion. Heparinized saline solution was infused to maintain - 
patency of all the catheters throughout the procedure, the — 
total amount of heparin used being 15 mg or approximately . 
1,500 units per hour. E 
Studies: In the first series (Table I), 35 animals survived — 
for 2 hours, when they were randomly divided into two . 
groups. The balloon cuff was kept inflated and the left an- _ 
terior descending coronary artery remained occluded in 16 bl 
control dogs. In 19 dogs the balloon was deflated after 2 A 
hours of occlusion to allow the artery to reopen, thereby . 
achieving reperfusion and maximal revascularization of the — 
area. The patency of the artery after reperfusion was angio- 3 
graphically confirmed in each animal. In addition, electro- . 
cardiographic and metabolic changes (presented under Re- — 
sults) permitted confirmation of patency of the artery after | 
deflation of the balloon cuff. Hi 
In the second series, 21 dogs survived for 5 hours and - 
were divided into two groups. Ten in which the artery re- 
mained occluded served as control animals and the other | 
11 underwent. reperfusion. For purposes of analysis, the . 
data for both control groups have been combined. Thus, of — 
56 dogs, 26 served as control animals (group I), 19 under- — 
went reperfusion after 2 hours (group II) and 11 underwent | 
reperfusion after 5 hours (group III). ? 
The short-term studies were carried out for 5 hours after - 
infarction (2 hours before and 3 hours after reperfusion) in. 
the first series of dogs and for 7 hours (5 hours before and 33 
hours after reperfusion) in the second series, and the dogs — 
were then allowed to recover. Daily electrocardiograms in- - 
cluding 1 minute rhythm strips were recorded. All surviv- 2 
ing dogs underwent repeat cardiac catheterization studies, - 
7 days after infarction in the first series and 48 hours after — 
infarction in the second series. The dogs were then killed, - 
and the heart removed. The left ventricle was sectioned to - 
obtain 1 cm thick slices and photographed, and the area of - 
the infarcted myocardium as well as normal muscle was de- _ 
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around the left anterior descending coronary artery was ex- | 
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termined. In addition, the infarcted myocardium was re- 
moved from each slice and the infarcted and noninfarcted 
portions were weighed. 

Statistical methods: Student's t test was employed to 
detect significant differences between the control and 
study animals, and the chi square test was employed to 
compare the frequency of events in these groups. 


Results 


Heart rate: After increasing sharply during infarc- 
tion, the heart rate stabilized and was similar in all 
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groups until the time of reperfusion (Fig. 4). In group 
II, soon after reperfusion the rate increased and be- 
came more rapid 2 hours later because of the devel- 
opment of persistent ventricular tachycardia. Dogs in 
group III, who underwent reperfusion after 5 hours of 
infarction, also exhibited a sharp increase in heart 
rate after reperfusion. At the time of the second 


study the heart rate in both study groups was similar 
to that of the control group. 
Ventricular arrhythmia: Premature ventricular 


FIGURE 1. Changes in electrocardiogram with 
acute infarction. The top three panels are con- 
tinuous strips of lead V4 (paper speed 10 mm/ 
sec) showing progressive peaking of the T 
wave after occlusion of the left anterior de- 
scending coronary artery. Within 1 minute the 
height of the T wave has doubled. The bottom 
panel shows the change in the heart rate 
(beats/min) and configuration of S-T segment 
and T waves at 1 1/2, 3, 7 and 15 minutes 
(paper speed 25 mm/sec) and 1 hour (paper 
150 speed 50 mm/sec) after infarct production. 


FIGURE 2. Changes in left ventricular pressure 
(lower tracing) and dP/dt (upper tracing) with 
acute infarction. The left ventricular pressure 
before infarction (panel A) is normal. The end- 
diastolic pressure 15 minutes after infarction 
(panel B) is 23 mm Hg, an increase of 13 mm 
Hg from the preinfarction value of 10 mm Hg. 


FIGURE 3. Changes in electrocardiogram and 
left ventricular pressure with acute infarction. 
Continuous strip (paper speed 10 mm/sec) 
showing electrocardiographic lead V4 at top, 
high fidelity left ventricular pressure recorded by 
manometer-tipped catheter below it and its first 
derivative (dP/dt) in the middle of left ventricular 
pressure. At the time of the first mark, the left 
anterior descending coronary artery is occlud- 
ed, resulting in immediate peaking of T wave 
and an increase in heart rate and left ventricular 
end-diastolic pressure. 
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FIGURE 4. Changes in heart rate and left ven- 190 


~ duction of stroke work after reperfusion in both 
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tricular stroke work. The left panel depicts 
mean values of heart rate with standard error of 
the mean. The heart rate in group ll, undergoing 
reperfusion at 2 hours (H), was significantly 
higher than control at the 5th hour (3 hours 
after reperfusion) with P value <0.01. The heart 
rate of group Ill, reperfused at the 5th hour, was 110 
significantly higher than control (P <0.05) at the 100 
7th hour. The right panel shows a significant re- 
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groups Il and Ill (P <0.05). L.V. = left ventricu- 
lar; REVAS = revascularization. 


contractions and short runs of ventricular tachycar- 
dia were frequent in the first 30 minutes after infarc- 
tion and were treated with lidocaine. At 2 hours after 
infarction, the rhythm was generally stable. In group 
II, within 20 to 120 seconds of reperfusion, frequent, 
repetitive and multiformed premature ventricular 
contractions developed in each animal and pro- 
gressed to prolonged periods of ventricular tachycar- 
dia alternating with sinus tachycardia. The duration 
of episodes of ventricular tachycardia kept increasing 
until persistent ventricular tachycardia with multi- 
formed irregular beats became the rule. The differ- 
ence between the frequency of this arrhythmia in 
groups I and II at the 3rd and 5th hours after infarc- 
tion was highly significant (P <0.01). After the initial 
experience of refractoriness of these arrhythmias to 
lidocaine, no attempt was made to treat them. 

The pattern of arrhythmia in animals in group III 
undergoing reperfusion after 5 hours of infarction 


TABLE II 


Incidence Rate (%) of Episodic and Persistent Ventricular 
Tachycardia at Various Intervals After Infarct Production 





Post- 
infarction Episodic VT Persistent VT 
CO CO ea APIs EIR NEA ERIE ELE Yat od eee 
(hr) | II Hl | II IIl 
MEN ICE nn SE A a des 
1 8 0 27 0 0 0 
2 19 10 18 0 0 0 
3 23 69 27 0 58t 9 
5 46 79 73 6 74t 18 
7 100 as 100 13 ahs: 82* 
24 100 100 100 100 83 100 
48 93 81 71 31 20 0 
72 14 8 se 0 0 
168 0 0 2t 0 0 
I mM PR I c EU Pp E c iL s E tL 


* Significant difference from group | (P <0.05). 

t Significant difference from group | (P « 0.01). 

| = control group; II = group undergoing reperfusion 2 
hours after infarct production; IIl = group undergoing reper- 
fusion 5 hours after infarct production; VT - ventricular 
tachycardia. 
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was similar to those undergoing reperfusion after 2 


hours of infarction, and persistent ventricular tachy- — 
cardia at the 7th hour of infarction was significantly - 


more frequent than in the control group (P <0.05) 


(Table II). Among control animals not only did fewer — 
dogs have ventricular tachycardia so early but also - 
the arrhythmia was rarely persistent. However, at 24 - 
hours the pattern in all groups was similar and ven- - 
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tricular tachycardia was almost universal. During re- a 
covery in the next 7 days, no significant difference — 


was observed between the control animals and those . 


undergoing reperfusion. 


Q waves: Lead V4 was monitored throughout the | 


acute study. Significant and pathologic Q waves of 25 


msec or longer duration were not present in any ani- E 


mal before infarct production. In the control group - 
they generally developed after 5 hours (Table III). In 


group II pathologic Q waves were not present in any 


dog at 2 hours just before reperfusion but developed 


rapidly in 68 percent of the animals within 10 min- — 


utes of reperfusion. Either a very small insignificant — 
Q wave widened or an initial R wave lost its ampli- - 
tude and was quickly replaced by a Q wave (Fig. 5). — 
The rapidity with which these changes developed can . 
be seen in Figure 6. Ultimately, however, there was . 
no difference between the control and reperfusion ~ 
groups since the development of Q waves was almost | 
universal. Dogs in group III also had a high incidence - 
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TABLE III 


Incidence Rate (%) of Significant Q Waves at Various 
Intervals After Infarct Production in Survivors 











Interval (hrs) Group | Group II Group III 

2 4 0 9 

3 12 68 18 

5 27 83 45 

7 50 et 100 

24 89 80 100 
Group | = control group; Group ll = group undergoing ; 


reperfusion 2 hours after infarct production; Group III = _ 


group undergoing reperfusion 5 hours after infarct produc- — 


tion. 
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Cardiac output, stroke volume and stroke 
work: Throughout the acute study, cardiac output, 


. Stroke volume and stroke work progressively deterio- 


rated after infarction in the control group (Table IV, 
Fig. 4) and were returning toward normal at the time 
of follow-up study. In both groups II and III, reperfu- 
sion resulted in a steeper short-term decline in these 
values, mostly because of concomitant ventricular 
tachycardia. The differences between values in these 
groups and the control group were not statistically 


significant, except in the immediate postreperfusion 
state when these hemodynamic data were worse in 
groups II and III than in control dogs. 

_ *Left ventricular pressures and dP/dt: In both 


reperfusion groups, the abnormalities in end-diastol- 
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ic and developed pressure and dP/dt were accentuat- 
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ed in the immediate postreperfusion period concomi- 
tant with ventricular tachycardia (Fig. 7). At the time 
of repeat catheterization, there were no significant 
differences between the control and reperfusion 
groups. The end-diastolic pressure was significantly 
increased in all groups at the time of repeat study (P 
<0.01). 

Left ventricular contractility index: The veloci- 
ty of contractile element (Vce) was calculated accord- 
ing to the method of Mason et al.?? by relating the 
dP/dt and developed pressure during isovolumic sys- 
tole recorded by manometer-tipped catheters. The 
value of Vce at a developed isovolumic pressure of 40 
mm Hg is presented in Table V. Serial changes in 
this value reflect alterations in the contractile state,2! 
which was depressed in all three groups after infarc- 
tion. Reperfusion in groups II and III did not result 
in any significant difference from the control group. _ 
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FIGURE 5. Effect of reperfusion on electrocar- 
diogram and left ventricular pressure. The elec- 
trocardiogram (lead V4), left ventricular pres- 
sure and its first derivative (dP/dt) are recorded 
at a paper speed of 100 mm/sec with time lines 
0.04 second apart. Lead V4 reveals a promi- 
nent R wave in panel A, 2 hours after infarction 
and immediately preceding reperfusion. Panel 
B, recorded 30 minutes after reperfusion (re- 
vascularization), reveals a dramatic change in 
QRS configuration; the same lead V4 now has a 
QS pattern. 
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FIGURE 6. Immediate effects of reperfusion on 
electrocardiogram. Records of electrocardio- 
gram (lead V4), together with left ventricular 
pressure and its dP/dt at slow paper speed (10 
mm/sec with time lines 1 second apart) reveal 
the rapidity of changes after revascularization 
(reperfusion). The numbers at the bottom indi- 
cate the time in minutes after reperfusion. At 
zero time a prominent R wave is recorded in 
lead V4; after 1 minute the height of the R wave 
is reduced and premature ventricular contrac- 
tions appear. At 1 1/2 minutes, premature con- 
tractions increase, leading to ventricular tachy- 
cardia. Progressive reduction in the amplitude 
of the R waves is noted in the sinus beats and 
at 10 minutes they are very small. At 14 min- 
utes, QS configuration is seen and at 60 min- 
utes QS configuration with inverted T waves is 
recorded. ^u | 
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TABLE IV 
Cardiac Output and Stroke Volume 
Group | Group I! Group Ill 
Interval (hr) CO SV CO SV CO SV 
00 cO REDE OR Sis CUORE E ieee Ices (aD ESO EISE RUM MR Xa Ru CET creer) Em. 2 00000 
Preinfarction 6.11 + 0.67 59.7-+ 7.2 5.44 + 0.46 56.4 + 5.3 
1 5.38 + 0.48 46.5+ 5.5 4.64 + 0.81 41.5+ 6.2 228 MU: 
2 5.12 + 0.72 42.8 + 6.0 4.37 + 0.58 38.3 + 3.6 5.5] + 0.58 40.3 + 4.0 
3 4.93 + 0.81 40.5 + 6.4 3.88 + 0.64 30.8 + 4.2 5.15 + 0.46 38.8 + 5.4 
5 3.95 + 0.39 28.8 + 2.3 2.91 + 0.44 15.3 + 3.7 5.16 + 0.51 35.6 + 3.2 
7 4.30 + 0.54 28.5 « 2.7 3.75 + 0.48 17.9 + 2.2 
48 4.20 + 1.10 32.8 + 6.9 ied ck er 4.89 + 0.69 37.2+ 9.2 
168 6.13 + 0.74 46.4 + 5.9 4.51 + 0.67 42.2 + 6.2 i a 





CO = cardiac output in liters/min; SV = stroke volume in ml/beat. 
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LV. PRESSURE PEAK dp/dt FIGURE 7 (left). Serial changes in left ventricular 
32 pressure reveal progressive deterioration with 
30 acute infarction in all three groups. The abnormali- 
? 28 ties of end-diastolic and developed pressures are 
9 26 accentuated in both groups Il and Ill after revascu- 
"* 24 larization (reperfusion). The end-diastolic pressure 
$ 22 at 48 and 168 hours is significantly higher than the 
e 20 preinfarction level in all the groups. H — hours; L.V. 
2 dx = left ventricular; REVAS = revascularization. 
16 
ñ r4 FIGURE 8 (above). Serial changes in left ventricu- 
be lar ejection fraction do not reveal any significant 
o differences among the three gróups. All the groups 
Controlli 2 $ 4 56 7 as p meth a exhibit partial recovery at follow-up study. E.D.V. = 
HOURS end-diastolic volume. 
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_ Ejection fraction and regional function: Selec- 
_ tive left ventriculograms demonstrated definite areas 
_ of akinesia and dyskinesia in every animal in each 
_ group after infarction with reduction of ejection frac- 
. tion. No significant differences in serial ejection frac- 
_ tions were observed among the three groups (Fig. 8) 
. and in all animals repeat catheterization studies 


_ demonstrated improvement in values over those of 


E the acute stage. The magnitude and extent of the 
_ dyskinetic or akinetic segment did not change in the 
— control group between 2 and 5 hours after infarction. 
-~ In group II, improvement was seen in 42 percent of 
dogs 1 hour after reperfusion (Fig. 9). No such im- 
E provement was found in group III after reperfusion 
. at 5 hours. 

E Myocardial metabolic derangements: The 
_ transmyocardial oxygen extraction was calculated 
_ from arteriovenous oxygen difference as a fraction of 
- arterial content [(arterial-venous/arterial)]. With the 
- production of infarction, the extraction value in- 
= creased in all groups (Fig. 10). In groups II and III, it 
_ diminished acutely (immediately after reperfusion) 
. and during the next 2 to 3 hours was less than the 
- preinfarction level. This sharp and sudden change 
- was a valuable indicator of acute alteration in myo- 
cardial blood flow with reperfusion. At the time of 
.. follow-up catheterization, the values were returning 
__ toward normal in all three groups. The difference be- 
_ tween groups I and III was significant at 48 hours (P 
...«0.05), but on the 7th day no difference was ob- 
- served between the control and reperfusion groups. 
_ The responses of transmyocardial lactate extraction 
in different animals varied; the mean values for the 
three groups were not significantly different from 
. each other. | 

— Mortality: The overall mortality rates in the three 
- groups were similar (31, 21 and 36 percent, respec- 
- tively). All the deaths occurred within 24 hours, ex- 
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- cept for one death after 48 hours in group II. Three 
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C TABLE V 
"Velocity of Contractite Element at a Developed Pressure 
; . of 40 mm Hg 


- 
. Interval (hr) 









Group | Group Il Group III 
. Preinfarct 1.62 + 0.09 1,91 x 0.12 
2 1 1.48 + 0.09 1.47 + 0.11 l 
Eno 141+0.10 1.37 « 0.09 1.59 « 0.08 
E 3 1.442 0.10 1.31 * 0.16 1.51 « 0.10 
255 1.394 0.08 1.37« 0.17 1.42 + 0.10 
aie i 1.12+ 0.14 - 1.29 + 0.14 
48 1.19 + 0.09 mae 1.37 + 0.16 
-..168 1:6140.16 1.66 « 0.12 


oce ctor G1] ESC PEERS VOLL ENG 

p Velocity of contractile element (Vce) is calculated by the 
. formula Vce = (dP/dt)/(K x IP) according to Mason et al.,?° 
| where dP/dt is the rate of rise of left ventricular pressure, 
EP is developed isovolumic pressure recorded by. manometer- 
^. tipped catheter and K is the constant to obtain series elas- 
. tic modulus or stiffness factor and is equal to 32. All values 
- are in muscle lengths/sec with mean values and standard 
a error of the mean and represent Vce calculated at a devel- 
is oped pressure of 40 mm Hg. 
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animals died during monitoring and experienced ven- 
tricular fibrillation at a time when their left ventricu- 
lar systolic and diastolic pressures were comparable 
with values in the rest of the group; none had pulmo- 
nary edema or severe hypotension. In addition, pri- 
mary ventricular fibrillation developed during moni- 
toring in four other dogs, but these animals were suc- 
cessfully resuscitated. 

Infarct size: In the control group, the infarct size 
averaged 30 percent of the left ventricular mass. In 2 
of 26 dogs the infarct was less than 15 percent of the 
left ventricular mass and was considered small. In 9 
of 18 dogs of group II, the size of the infarct was less 
than 15 percent of the left ventricular mass. The dif- 
ference in the frequency of small infarcts, 50 percent 
in group II versus 8 percent in the control group, was 
significant (P «0.05). However, in the other nine 
dogs of group II infarct size ranged from 20 percent 
to 44 percent of left ventricular mass and in six was 
more than 30 percent. Therefore, although the in- 
farct was smaller than expected in half the group, its 
size was uninfluenced in others, and in some dogs was 
actually larger and hemorrhagic (Fig. 11). The aver- 
age infarct size for all animals in group II was 20 per- 
cent of left ventricular mass; the difference from 
values in the control group was not statistically sig- 
nificant. Infarct size in animals in group III averaged 
34 percent. None of the 11 animals had small infarcts 
(less than 15 percent of left ventricular mass). Thus, 
this group did not differ from the control group ei- 
ther in average infarct size or in frequency of smaller 
infarcts. In most instances in the reperfused groups 
the infarct was dark and hemorrhagic. 


Discussion 


Deleterious effects of reperfusion: The results 
of this study raise some important issues and contain 
some surprises. On the basis of the studies of Maroko 
et al.! and Ginks et al.,!6 we not only expected to 
find smaller infarct size and improved myocardial 
function with reperfusion, but also presumed that 
these changes would result in overall improvement of 
left ventricular function and better prognosis. In the 
group undergoing reperfusion after 2 hours of occlu- 
sion (but not in the one undergoing reperfusion after 
5 hours) we did find evidence of improvement in 
dyskinetic and akinetic segments, but in only 42 per- 
cent; we also found smaller than expected infarcts in 
90 percent of animals, but we failed to document any 
overall improvement. On the contrary, several delete- 
rious effects became apparent immediately after re- 
perfusion. Ventricular tachycardia developed almost 
immediately after reperfusion, even in those exhib- 
iting reduction in dyskinesia and akinesia and a 
smaller infarct subsequently, and the arrhythmia in- 
variably resulted in deterioration of overall left ven- 
tricular performance. The hemodynamic status of 
both reperfused groups was significantly worse 2 to 3 
hours after reperfusion than that of the control group 
at corresponding times. In this regard, our findings 
are in agreement with those of Lang et al.!7 In our - 
studies some dogs, in spite of reperfusion or indeed as 
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FIGURE 9. Left ventricular angio- 
grams in left lateral projection. The 
left panels reveal a normal contrac- 
tile pattern in the preinfarction state. 
in the middle panels, after coronary 
occlusion, marked impairment of 
contraction in the anterior wall is ob- 
served with dyskinesia in the antero- 
apical region. In the right panels, fol- 
lowing reperfusion after 2 hours of 
occlusion, partial recovery is ob- 
served. 
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FIGURE 10. Serial changes in myocardial oxygen extraction reveal 
increased extraction after infarction in all groups. After revascular- 
ization (reperfusion) the level of oxygen extraction in groups Il and Ill 
is acutely reduced, indicating increased blood flow due to reactive 
hyperemia or to nonutilization of oxygen by damaged myocardial 
tissues and an arteriovenous shunting effect. Findings in groups ! and 
Il are identical at 168 hours, but at 48 hours those in group III differ 
significantly from values in the control group (P <0.05). 


a result of reperfusion, ultimately had very large in- 
farcts. Pathologic Q waves indicating transmural in- 
jury and infarction developed sooner in the animals 
undergoing reperfusion, and overall mortality was 
not influenced by reperfusion. Some recent stud- 
ies! 7,1822 tend to support the argument that reperfu- 
sion can indeed be deleterious. It is entirely possible 
that in our studies the electrical instability and ar- 
rhythmias noted after reperfusion were primarily re- 
sponsible for the early deterioration and that, if they 
had been controlled, the outcome might have been 
more favorable in the group undergoing reperfusion 
after 2 hours of occlusion. _ E 

A period of 5 hours of coronary occlusion in our 
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FIGURE 11. Heart of a dog subjected to reperfusion after 2 hours of u 
coronary occlusion and killed on the 7th day. Slices have been cut e 
transversely from the apex toward the base. A very large, dark, | 
hemorrhagic infarcted area (arrows) is seen extending from the — 
apex to the base with transmural involvement of anterior and lateral E 


walls. 5 
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model of awake dogs appears to be too long a time to 
expect any improvement or reversal of injury with 
reperfusion. Our findings are at variance with those - 
of Bresnahan et al.,22 who reported smaller than pre- - 
dicted infarct size in 9 of their 16 dogs undergoing © 
reperfusion 5 hours after occlusion. Several others : 
have found either irreversible injury?3-?6 or only par- - 
tial recovery?” with shorter periods of occlusion. | 

Hemorrhagic changes after reperfusion: The 
development of Q waves almost immediately after. 
reperfusion, in some dogs as early as 6 minutes, is in- 
triguing. We have not investigated the causes of this | 
change, but the finding of large hemorrhagic infarcts _ 
in most of these animals supports the theory recently 
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advanced by Bresnahan et al?? that reperfusion in 
awake animals with evolving infarction can result in 
extravasation of blood due to disruption of capillaries 
that have lost their structural integrity during the 
preceding period of occlusion. We found hemorrhagic 
infarcts, not only in those dogs reperfused after 5 


~ hours of occlusion as did Bresnahan et al.,22 but also 


in those reperfused after 2 hours. The latter finding 
is at variance with the results of Ginks et al.,!6 who 
did not report any hemorrhagic infarcts in their stud- 
ies, It is not clear if the use of anesthesia in the stud- 


. les of Ginks et al.!6 can account for this difference. 


Determination of adequacy of coronary flow 
during reperfusion: One important question that 
must be answered in our studies, as well as those of 
others, is how certain are we that release of the oc- 
cluding cuff, snare or other devices around the coro- 
nary artery results in true reperfusion or revascular- 


~ ization of ischemic and border zones. The instant de- 
_ velopment of arrhythmias with reperfusion in our 
Studies assured us that some acute change had oc- 
- curred in the affected zone, and the patency of the 


artery was subsequently confirmed angiographically. 


_ We realize that angiographic patency cannot be 
 equated with adequate blood flow, and it is indeed 
. possible that smaller capillaries had become closed 
. off during the period of coronary occlusion in spite of 
_ administration of heparin. The angiographic appear- 


ance of arteries after reperfusion in four dogs in 


. Which the margins of the patent artery were some- 
_ what irregular and emptying was delayed is consis- 
. tent with such a possibility. Jarmakani et al.,28 using 


an implanted flowmeter and external snare around 


_ the coronary artery to occlude it temporarily, were 
. able to demonstrate return of flow, at a higher level 
- than control level, within 15 minutes of reperfusion 


after 3 hours of occlusion. It is entirely possible 


_ though that structural changes in the reperfusion bed 
_ produced by 3 to 6 hours of coronary occlusion and 
. myocardial ischemia severely limit future myocardial 


perfusion, even if flow is reestablished,?9?9 and that 


. recovery may take 2 to 5 days or remain incomplete. 


The demonstration of reduced myocardial oxygen 


. extraction immediately after reperfusion in our 
. study, as well as that of Lang et al.,!7 also indicates 
. increased flow or reestablishment of flow. The sub- 
-. normal oxygen extraction values in our studies can be 
. explained by reflex hyperemia following a period of 
ischemia. The persistence of this phenomenon for 2 
. hours can be interpreted optimistically as indicating 
. presence of viable tissue capable of responding by hy- 
. peremia. Alternatively, it can be explained by re- 


duced oxygen utilization by the necrosed myocar- 


. dium and production of an arteriovenous shunting 
. effect. 


Beneficial effects of reperfusion: Our interpre- 


. tation that the presence of smaller infarcts in 50 per- 


. cent of animals in group II suggests a possible benefi- 
. cial effect of reperfusion at 2 hours may be criticized 


. on the grounds that we compared this group with an- 


other group of animals rather than predicting infarct 
size in each animal before reperfusion. Such methods 
have been described using serum creatine phosphoki- 
nase activity???! and surface mapping of S-T seg- 
ment elevation.?* The former would require a mini- 
mum of 5 hours of coronary occlusion and a sugges- 
tion has been made that the blood level of this en- 
zyme depends not only on infarct size, but also on the 
perfusion and flow through involved areas.3? The sur- 
face mapping of S-T segment elevation is a compli- 
cated technique and posed problems in our conscious 
dogs, which could not be kept still for such prolonged 
periods. We did study angiographically the move- 
ment of the ventricular wall and the extent of akinet- 
ic and dyskinetic segments. As mentioned previously, 
improvement after reperfusion at 2 hours was ob- 
served in 42 percent of dogs suggesting that function 
returned or improved in some zone of myocardium 
bordering necrotic or ischemic zones. 


Clinical Implications 


With the knowledge that infarct size can be modi- 
fied in acute experimental myocardial infarction, 
both favorably and unfavorably,® and that medical 
revascularization using fibrinolysing agents may be 
beneficial in human myocardial infarction,9-!! we at- 
tempted to study the influence of revascularization 
under most ideal circumstances and in a controlled 
manner. To achieve maximal revascularization we 
reperfused the occluded artery, thus restoring near 
normal blood flow through normal channels in dogs 
free of coronary atherosclerosis or other types of 
heart disease, within 2 to 5 hours of acute occlusion. 
The major difference from most previous studies was 
the use of intact, conscious animals and direction of 
observations toward the whole animal rather than 
portions of myocardium or some aspect of metabo- 
lism. Our studies were extended for up to 7 days. Our 
results indicate that if reperfusion is performed very 
early (2 hours after occlusion) under such ideal cir- 
cumstances and noninvasively, we may indeed reduce 
the ultimate infarct size in some animals; however, 
the overall mortality remains unchanged. The pro- 
cess of reperfusion actually hastens the development 
of severe arrhythmias leading to early hemodynamic 
deterioration and, in many, results in immediate de- 
velopment of pathologic Q waves and large hemor- 
rhagic infarcts. 

We do not know the extent to which similarities 
with human myocardial infarction exist. Dogs have a 
propensity for rapid development of collateral chan- 
nels, and indeed in this study, we found dramatic re- 
covery of function within 7 days of acute infarction in 
the control animals that did not undergo reperfusion. 
Therefore, it is possible that acute reperfusion has 
less to offer in this species, but the fact that reperfu- 
sion is deleterious at least for a period of time in most 
animals is a disturbing observation. Should a similar 
phenomenon exist in man, acute surgical revascular- 
ization may be dangerous in the early stages of acute 
infarction even if in some it ultimately limits infarct 
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size. Such experience in acute infarction has been re- 
ported?^35 with disastrous results, although oth- 
ers!2:14 have found a satisfactory outcome. Although 
there are definite differences between the animal 
model employed and patients with acute infarction, 
cireumstances are far more favorable in our study 
than they are likely to be in patients with coronary 
disease. The ability to restore near normal blood flow 
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noninvasively and so early in hearts that were pre- | 
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is unlikely to be encountered in the course of clinical - 
disease. If under such ideal circumstances revascular- E 
ization is dangerous rather than beneficial more — 
studies using other species are indicated before at- : 
tempting large scale surgical revascularization in the — 


early stage of human myocardial infarction. 
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. Fibroma of the Left Ventricle 


A report of the only surviving adult to undergo partial excision of an in- 
tramural cardiac left ventricular fibroma is presented. Good results 
were obtained by relieving outflow tract obstruction through partial 
excision of the tumor from the septum and left ventricle. The need for 
conservative surgical treatment of patients with this rare, benign tumor 
is emphasized. 


Intramural fibromas of the heart are thought to comprise less than 5 
percent of primary heart tumors.! Since the first case of fibroma of 
the heart was reported by Luschka? in 1855, more than 40 others 
have been reported.?-15 This report describes successful partial resec- 
tion of a massive intramural fibroma involving the posterior wall of 
the left ventricle and most of the interventricular septum. 


Case Report 


A 31 year old man first presented to the Methodist Hospital in July 1969 
with the chief complaints of syncopal episodes and chest pain of 4 years’ du- 
ration; the chest pain was described as dull and squeezing, followed by a sen- 
sation of dizziness. Attacks were precipitated by rapid changes in position or 
sudden exertion and were relieved by squatting. Past history revealed that a 
heart murmur was first heard at age 11 years, when a diagnosis of mitral ste- 
nosis was made. One year before admission, chest roentgenograms showed 
calcification in the mitral valve area. 

Examination of the patient was essentially normal except for the presence 
of a grade 2/6 systolic ejection murmur over the entire precordium. Heart 
rhythm was regular and there was no detectable cardiomegaly. 

Laboratory studies, including complete blood count, blood urea nitrogen, 
fasting blood sugar, serum electrolytes, serum lipids, uric acid and liver pro- 
file, were within normal limits. An electrocardiogram was normal except for 
occasional premature ventricular contractions. The chest roentgenogram re- 
vealed calcification in the area of the left ventricle and a 6.5 cm well margi- 
nated calcific lesion in the lower lobe of the right lung that was thought to be 
a hamartoma (Fig. 1). Chest fluoroscopy disclosed a large mass of calcium in 
the left ventricular wall. 

A left ventricular angiogram (Fig. 2) demonstrated a calcified tubular 
mass arising from the free wall of the left ventricle just proximal to the aortic 
valve, descending on the outflow tract and projecting into it. Coronary arteri- 
ograms were normal and did not show involvement with the mass or staining 
in the area of mass. Left and right heart catheterization data were relatively 
normal, but exercise pressure data were not obtained. 

Surgical findings and treatment: A preoperative diagnosis of left ven- 
tricular tumor and lower right pulmonary lobe hamartoma was made and the 
chest was explored through a median sternotomy on August 20, 1969. The 
posterior left ventricle was nodular to palpation and, on elevation of the 
heart, a bulky tumor could be seen in this area. Total cardiopulmonary by- 
pass was established and the aorta cross-clamped. Through a transverse aor- 
totomy, a large, glistening nodular mass could be seen projecting from the en- 
docardium just inferior to the aortic valve. The mass obstructed the outflow 
tract, which measured approximately 1.5 cm in diameter. A left atriotomy 
was performed and the hard mass was palpated through the mitral valve. It 
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then became apparent that the nodular calcific mass in- 
volved the entire posterior left ventricular wall and most of 
the interventricular septum extending just below the mitral 
valve to the apex; the bulk of this mass occupied approxi- 
mately one half of the left ventricular cavity. A biopsy 
specimen was taken, a frozen section examined, and the di- 
agnosis of benign fibroma made. The left ventricular out- 
flow tract was cleared by excision of the nodular mass to 
normal myocardium where possible. Nodules extending 
into the left atrium were also resected. Satisfactory with- 
drawal of the projecting portion of the tumor from the left 
ventricular cavity was performed without left ventricu- 
lotomy; because of the extent of involvement, the septum 
and remainder of the posterior wall were left intact with 
some of the benign tumor remaining. The aortotomy and 
atriotomy were closed, and the heart was returned to a nor- 
mal sinus rhythm after defibrillation. The mass in the 
-lower lobe of the right lung was then removed by wedge re- 
section. Diagnosis, after examination of a frozen section of 
the lung mass, was fibrous mesothelioma. The sternotomy 
was closed. 

The patient’s postoperative course remained uneventful 
and a left ventricular angiogram 1 month postoperatively 
revealed no outflow tract obstruction despite persistence of 
part of the calcified mass in the left ventricular wall. The 
patient has now returned to gainful employment and is 
asymptomatic 4 1/2 years after surgery. Permanent sec- 
tions of the fibrous tumor of the left ventricle are shown in 
Figure 3. 


Discussion 


Patients reported to have intramural ventricular 
cardiac fibroma have ranged from newborns to 65 
years of age but most have been children. Approxi- 
mately 30 percent of the patients in previously re- 
ported cases died from “sudden death,” presumably 
because of interference with cardiac conduction or 
because of outflow tract obstruction.! 

The clinical diagnosis of intracardiac fibroma has 
been elusive. Findings have been confused with those 
of endocardial fibroelastosis* and pulmonary steno- 
sis.! Our patient's condition was diagnosed as mitral 
stenosis and insufficiency for several years. Most in- 
tramural fibromas present with ventricular calcifica- 
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FIGURE 1. Preoperative chest roentgenogram. There is calcification 
in the left ventricle. Arrow points to a large calcified mass in the 
lower lobe of the right lung, later proved to be a fibrous mesothel- 
ioma of the lung. 


tion and cardiomegaly; the final diagnosis has been 
made by ventriculogram, in most cases preoperative- 
ly. 

Surgical excision: Because of the difficulty in di- 
agnosis and the rarity of this tumor, only a few cases . 
with successful surgical treatment have been re- 
ported. The first successful excision was reported by 
Parks et al? in 1962. Their patient was a 26 month 
old boy with a left ventricular hamartoma composed 
of fibrous and cardiac muscle elements. The speci- 
men weighed 61.5 g and calcification was present. 
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fication can be noted in the anterior wall of the left ventricle (LV). B, during systole, there is further encroachment on the outflow tract. Note the 


large amount of calcium in the anterior wall and septum of the left ventricle. 
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FIGURE 3. Microscopic sections of the excised tumor. A, the fibroma has the appearance of normal fibrous tissue with thick bundles of collagen 
Surrounding normal fibrocytes. Note the lack of cardiac muscle. (Hematoxalin-eosin stain X90, reduced by 25 percent.) B, high power view. Nor- 
mal appearing fibrocytes are surrounded by large amounts of collagen. (Hematoxylin-eosin stain X900, reduced by 25 percent.) 


Excision was accomplished from the lateral and pos- 
terior aspects of the ventricular wall. The patient was 
followed up for 2 years and remained symptom-free. 

Geha et al.! reported successful excision of fibroma 
in two children. The first, a 27 month old boy, pre- 
sented with syncopal attacks and arrhythmia. A ven- 
triculogram revealed a partly calcified intramyocar- 
dial mass. The excised mass had occupied the inter- 
ventricular groove, weighed 72 g and was 6 cm in di- 
ameter. The second patient was a 38 month old boy 
with a systolic murmur, left ventricular calcification 
and cardiomegaly; a 118 g fibroma was removed from 
the left ventricle. Both patients apparently fared well 
postoperatively. 

In 1968 Kay et al? reported excision of an in- 
tramural fibroma of the right ventricle and interven- 
tricular septum in a 9 year old boy. The child pre- 
sented with atrial tachycardia, cardiomegaly and cal- 
cification of the right ventricle; a 115 g fibroma was 
removed from the right ventricle and septum necessi- 
tating closure of the defect with a Teflon® patch. 
After 4 years of follow-up, the child was doing well 
despite slight calcification in the patch area. 

Thomsen et al.’ and Williams et al.? reported suc- 
cessful excision of a left ventricular fibroma in a 17 
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year old girl and a 30 month old boy. Hall6 attempted 
resection of an extensive fibroma of the left ventricle 
but was unsuccessful because excision of the entire fi- 
broma compromised left ventricular function. Thus, 
only partial excision is indicated in some patients. 

Edlund and Holmadahl!? were the first to make a 
gross surgical diagnosis of intramyocardial fibroma, 
discovered in the left ventricle of a 32 month old 
child. Valledor!^ attempted to remove an interven- 
tricular septal fibroma in an 8 month old infant, but 
the patient did not survive. Svejda and Tomasek!? 
accomplished partial excision of a left ventricular 
and septal fibroma in a 17 month old infant, who did 
not survive. 

Our patient represents the seventh successful oper- 
ation for this rare condition and the first successful 
partial excision in an adult. Because of the biological 
activity of the fibroma and the extensive involvement 
of the left ventricle and septum, we elected to clear 
the outflow tract and increase left ventricular volume 
by excising only part of the tumor. Although it has 
been assumed that intramural cardiac fibromas grow 
by displacing myocardium, complete resection could 
not be accomplished in this case. Sufficient muscle 
mass remained to maintain good cardiac output, ade- 
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quate left ventricular volume, a normal conduction 
pattern and an unimpeded outflow tract. Moreover, 
the avoidance of ventriculotomy in this case pre- 
served the remaining left ventricular muscle and its 
blood supply. Four years postoperatively the patient 
has returned to full time employment and remains 
symptom-free. 
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The incidental finding of a fibrous mesothelioma 
of the lung probably bears no relation to the intracar- 
diac fibroma. T'so and Teoh!5 described a newborn 
infant with intramural cardiac fibroma who, at au- 
topsy, was also found to have fibromas of the larynx 
and tongue and multiple fibromas of the lungs. How- 
ever, these lesions were of uniform character. 
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Implanted Pacemakers: 


LEONARD S. DREIFUS, MD, FACC 


DAVID COHEN, LLB, JD 


Philadelphia, Pennsylvania 


Cardiac pacing, which has enjoyed rapid develop- 
ment, is an important therapeutic tool for managing 
. patients with cardiac dysrhythmias. The ability of 
. muscle to respond to electrical stimulation has been 
. known since the early experiments of Galvani, but it 


was not until 1952 that Zoll! demonstrated the feasi- 


_ bility of closed chest cardiac stimulation for cardiac 


resuscitation. Brockman et al? in 1956 showed the 


. clinical feasibility of direct electrostimulation of the 
. myocardium in an 11 month old infant. In 1959 Fur- 
- man and Schwedel? reported on both short- and 
_ long-term applications of transvenous cardiac stimu- 
. lation in man, and in 1960 Chardack et al.4 implanted 
_ pacemakers in patients. 


Most modern artificial cardiac pacemakers are of 


_ the ventricular pacing variety, with or without sens- 


ing function, and are used to manage high degree 
atrioventricular (A-V) heart block; however, rapid 
advances in electrophysiology and pacemaker design 


. have caused a proliferation of specialized pacemakers 
- with many useful features for preventing or terminat- 


ing cardiac dysrhythmias. An amazing fact is that 
most brands of marketed pacemakers are highly reli- 
able and meet reasonable criteria for safety and fail- 


. safe use. The industry should be commended for 


. manufacturing such excellent devices and for main- 
_ taining superb quality control. | 


Although more than 200,000 patients have escaped 
sudden cardiac death or have had the quality of life 


. immeasurably improved as a result of implanted 
_ pacemakers, certain areas of caution must now be ac- 


knowledged in the development and future use of 


_ these devices. The natural heart pacemakers and A-V 
transmission systems can fail; so too, artificial cardi- 
ac pacemakers are susceptible to battery and circuit- 
. ry failure. In addition, they may slip through the net 
. of precise quality control or may be the products of 


shoddy workmanship. 
= Areas of potential legal liability: As with any 


_ other medical or surgical procedure, implantation of 


Tu Y 
" 
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. cardiac pacemakers has legal implications. Segall5 


has stated that use of these devices opens up a wide 
area of legal liability, in tort, related to charges of 
malpractice against consulting or treating physicians, 


. From the Lankenau Hospital, Philadelphia, Pa. 


Address for reprints: Leonard S. Dreifus, MD, 1320 Race St., Phil- 


..adelphia, Pa. 19107. 


Medicolegal Implications 


surgeons, hospitals and manufacturers. Malpractice 
charges may arise from (1) delay in reaching a deci- 
sion to implant a pacemaker when implantation is 
clearly medically indicated; (2) failure to warn of po- 
tential complications, after effects and risks; (3) se- 
lection of a device and pacemaker system inappro- 
priate to the patient's problem; (4) poor postimplan- 
tation care and advice; or (5) improper design or de- 
fective manufacture of the pacemaker or its impulse 
generator. 

Other sources of possible liability include injuries 
due to radioactivity from nuclear-powered generators 
or failure to warn against pacemaker catastrophes in 
connection with microwave ovens, magnetic fields, 
radar and other possible electronic areas of interfer- 
ence. Liability may also be incurred when patients 
wearing pacemaker devices are involved in litigation 
resulting from automobile accidents or other areas of 
traumatic negligence common to the general popula- 
tion. 

Selection of pacemakers and pacemaker fail- 
ure: One important area of possible medicolegal con- 
flict relates to the indications for and selection of 
pacemaker types for particular cardiac dysrhythmias. 
Another is a situation wherein a patient with heart 
disease might benefit from pacemaker implantation 
but a suitable device is not inserted because of inade- 
quate or inappropriate studies and improper identifi- 
cation of the kind of heart disease. Undue delay in 
pacemaker implantation or temporary pacemaker 
implantation in a clinic without adequate techniques 
and inventory for prompt permanent pacemaker im- 
plantation and replacement may also constitute neg- 
ligence. On such occasions, the need for temporary 
pacemaker implantation while a generator or elec- 
trodes or other connecting parts are being awaited 
may become urgent. During such a delay there could 
be dislodgment of the unit, followed by grave medical 
complications or even sudden death, associated with 
the temporary loss of pacemaker function. 

Implantation of a particular type of generator 
without performing appropriate electrophysiologic 
studies may now constitute negligence on the part of 
the attending physician and the surgeon. One exam- 
ple would be the implantation of a fixed type of ven- 
tricular pacemaker in a patient who subsequently ex- 
periences return of A-V conduction and symptomatic 
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competition of the pacemaker and the inherent 
rhythm. The implantation of pacemakers that pace 
the ventricles and engender retrograde conduction to 
the atrium (retrograde P waves either occurring at an 
unfavorable period in ventricular systole and causing 
undesirable hemodynamic results or arriving in the 
atrium during its vulnerable period and producing 
periods of atrial flutter or fibrillation) may result in 
legal liability on the basis of unfavorable effects. 

Pacemaker monitoring: Perhaps one of the most 
important areas of consideration concerns adequate 
surveillance after implantation. Although the rate of 
most cardiac pacemakers decreases before battery 
depletion, other units may fail without perceptible 
warning and hence should not be monitored by the 
usual methods or by transtelephonic techniques. 
Wave form analysis can be used to determine im- 
pending pacemaker failure, but this method of sur- 
veillance is time-consuming, requires special equip- 
ment and cannot be performed by telephone. Often 
patients are discharged from the hospital without 
being given detailed information concerning the 
pacemaker, its life expectancy, function, type, haz- 
ards and possible complications, or, most important, 
precise instructions for periodic evaluation and test- 
ing of battery function. Certainly the level of sophis- 
tication of the practice will govern the surveillance 
system necessary for patients residing within given 
geographic areas. Patients who are completely pace- 
maker-dependent require stricter surveillance than 
those with comparatively minor disturbances of im- 
pulse formation and conduction. In the former, it 
may sometimes be wise to implant redundant pace- 
maker systems to protect against sudden lack of pac- 
ing, wire breakage or dislodgment since subtle prob- 
lems, such as minor wire fractures or muscle action 
potentials, can inactivate demand-functioning pace- 
makers and cause sudden death. 

Complications of pacemaker implantation: It is 
far too early to anticipate the possible long-term 
complications of epicardial and transvenous elec- 
trode implantation. At present, it appears that the 
generators themselves are safe, and we are fairly well 
assured that atomic units are probably also compat- 
ible with long-term safe use. However, over long peri- 
ods such conditions as perforation, thrombosis, fibro- 
sis, constriction of the superior vena cava around one 
or more pacemaker electrode wires, or trauma associ- 
ated with attempted removal of old electrodes may 
entail additional risks, with consequent liability. 

Every physician should be conversant with the 
hazards attending the failure to implant cardiac 


pacemakers after the development of various kinds of - 
block within the atria, A-V node or fascicles in acute - 


or chronic cardiac disease. The danger of sudden 
death must be reckoned with both in the acute phase 
of myocardial infarction and in the long-term clinical 
course of patients with residual degrees of fascicular 
block. 

Prevention of Legal Liability 


Every effort must be made to acquaint patients 
with the possible complications and potential haz- 


ards of pacemaker implantation. Several suggestions ~ 


appear pertinent because sufficient information is 
now available to perform electrophysiologic studies 


to select the appropriate type of pacemaker and rec- — 
ommend postimplantation care to the patient. Fail- — 


ure to observe these precautions may invite legal ac- 
tion. 

1. Preoperative care: 'T'he patient must sign a pre- 
cise and detailed form giving informed consent. It is 
the affirmative duty of the physician to inform the 
patient and his family of the nature of the function of 


the pacemaker, the scope and method of implanta- 


tion and the risks of complications of surgery. 


2. Intraoperative care: A detailed record must be 1n 
made on the patient's chart and identification cards 


issued indicating implantation date, model, electron- 
ic and electrophysiologic data, electrode threshold 
and recordings of demand and magnetic mode func- 
tion when indicated. 

3. Postoperative care: Since pacemakers have a 
natural course and are also subject to premature fail- 
ure, specific recommendations concerning the re- 
sponsibility for patient follow-up and the precise 
type of surveillance program utilizing a pacemaker 
clinic or transtelephonic monitoring should be pre- 
scribed before the patient is discharged from the hos- 
pital. Pacemaker manufacturers should offer patients 
booklets to assist them in understanding the function 
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of the implanted unit. Patients should be warned — | 


about probable malfunction in the presence of micro- 
wave ovens, radar, radio broadcasting stations or 
magnetometers and should be given reassurance con- 
cerning devices that are not harmful. 


Negligence as such may not be the principal legal _ 


hazard in the field of cardiac pacemakers. However, 
the clinician is faced with new challenges, in the form 


of possible suffering and reduced quality of life re- 


sulting from failure to implant a pacemaker or, con- 
versely, from mechanical, surgical and the many elec- 
trophysiologic problems attendant upon the implan- 
tation of certain electronic circuits. The pitfalls in- 
herent in all these situations must be recognized. 
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Permanent Pacing of the Heart: A Comment on Technique 


VICTOR PARSONNET, MD, FACC 


Newark, New Jersey 


Fixation of electrodes directly into the myocardium, 
the original technique for pacemaker implantation, 
almost disappeared from the scene for 10 years. Less 
than 5 percent of “pacemaker doctors" persisted in 
transthoracic implantation. As one might suspect, 
the physicians who persisted were thoracic surgeons; 
they argued for their method on the basis of its sim- 
plicity and swiftness and the long-term security of 
electrode position. Most other physicians, about one 
third of whom were cardiologists or internists, and 


_ two thirds surgeons, had switched to transvenous 


pacing because this method could be performed in 
patients of any age; under local anesthesia, with low 
operative morbidity and mortality. 

Recently an interest in direct myocardial implan- 
tation was rekindled by the development of the su- 
tureless or so-called “screw-in” electrode, and by the 
disclosure by some physicians that in their hands 


-~ transvenous pacing was associated with a frightfully 


high incidence of early electrode malposition—as 
high as 59 percent in one report! (For the sake of 
brevity, malposition here includes dislodgment and 
ventricular perforation.) Because proponents of each 
technique are now figuratively toe to toe, it behooves 
us to evaluate the relevant arguments. 

“Swiftness” and “simplicity” are characteristics 
that may be attributed to both methods but, one 
asks, swift and simple for whom? Surely transthorac- 
ic pacing would be neither swift nor simple for an in- 
ternist, nor would transvenous pacing be simple or 
swift for every surgeon. A cardiologist, actually, could 
not perform a transthoracic operation, because no 
hospital would give him operative privileges. And yet, 
paradoxically, surgeons have slipped into the cathe- 
terization laboratory (because a small incision was 
needed?) and have been inserting transvenous pace- 
makers. In fact, transvenous pacing is so “simple” 
that many centers have given this operative responsi- 
bility to junior physicians, arid sometimes to house 
officers. | 

The real issue is the problem of electrode dislodg- 
ment. Were electrodes as securely positioned with 


—.. transvenous pacing as they are with transthoracic 


f. 


pacing, there would be no valid argument for pericar- 


From the Department of Surgery, Newark Beth Israel Medical Cen- 
ter, Newark, N. J. 

Address for reprints: Victor Parsonnet, MD, Department of Sur- 
gery, Newark Beth Israel Medical Center, 201 Lyons Ave., Newark, 
N. J. 07112. 


diotomy, however small the opening. Even though 
transthoracic pacing can be done with little morbidi- 
ty and mortality, general endotracheal anesthesia is 
usually used (although epigastric incisions and trans- 
thoracic operations may be done under local anesthe- 
sia), the pericardium must be opened and the heart 
must be exposed. There are, of course, those who 
argue differently, but surely these factors will in- 
crease morbidity and mortality. Add to that the 
problem of infection, should it occur: Removal of 
wires by the transvenous route is a far less serious 
consequence than another thoracotomy. Other com- 
plications that are peculiar to transvenous pacing, 
such as damage to the tricuspid valve, air emboliza- 
tion and late perforations are not being ignored in 
this editorial, but they are relatively rare, and for the 
sake of this analysis are more than balanced by other 
complications that are peculiar to transthoracic pac- 
ing. 

In the Inter-Society Commission for Heart Disease 
Resources report on pacemakers,! the issue of an ac- 
ceptable incidence of transvenous electrode malposi- 
tion was discussed. It was suggested that a figure of 
early dislodgment higher than 5 percent calls for a re- 
view of results by a proper audit committee (now 
probably PSRO), and for modification of physicians' 
privileges. 

Our own figures for 1973 and 1974 show 9 dislodg- 
ments in 219 primary ventricular transvenous inser- 
tions (4.1 percent). A second repositioning of the 9 
was never required. Perhaps this indicates that the 
operation could have been done better the first time! 
Permaneht transthoracic pacing is never used at our 
institution except as an incidental procedure when 
the heart is exposed for another reason, or in rare 
problem situations. Since 1964 we have used the 
transthoracic approach five times in 1,030 complete 
pacemaker insertions. 

Transvenous pacing can be done with only a trivial 
incidence of complications; it is the safest and sim- 
plest technique available. In our opinion it is the pre- 
ferred pacing method in almost all situations, provid- 
ed the operation is performed by a skilled physician 
who is specifically trained in the technique and all 
its ramifications. 


Reference 


1. Parsonnet V, Furman S, Smyth NPD: Implantable cardiac pace- 
makers. Status reports and resource guideline. ICHD Report. Cir- 
culation 50: A-21—A-35, 1974 


~ 268 August 1975 The American Journal of CARDIOLOGY Volume 36 






LETTERS TO THE EDITOR 


BEHAVIOR THERAPY FOR TYPE A PATIENTS 


This letter briefly introduces a new approach to psycholog- 
ical treatment of the type A cardiac patient; fuller details 
will be reported later as further analyses are completed. 
However, some preliminary results show this approach to 
be promising. 

The type A personality was identified by Friedman and 
Rosenman!-? in a series of well designed studies demon- 
strating the association of this behavioral pattern with high 
risk for heart disease. They also reported® that the type A 
traits were more predictive, with less error, of heart disease 
than predictions based solely upon examination of lipid 
data such as the beta/alpha lipoprotein level. 

The type A behavioral pattern consists of: a high drive 
toward poorly defined goals, persistence of work toward 
recognition and advancement, eagerness to compete, con- 
tinuous involvement in activities with self-imposed dead- 
lines, working at such activities at a high rate, and a height- 
ened mental and physical alertness. 

The pilot program of psychological treatment was a com- 
bination of two behavior modification programs developed 
by Suinn®: anxiety management training and visuo-motor 
behavior rehearsal.® The former trains patients in identifi- 
cation of the physical/physiologic signs of stress and elimi- 
nation of these reactions from the behavior pattern. It has 
been successful in patients with diffuse anxieties.^* Visuo- 
motor behavior rehearsal is a method that enables a patient 
to acquire new adaptive habit patterns through practicing 
these patterns under controlled imagery conditions. This 
procedure has been applied to the retraining of executives, 
concert musicians and members of the United States Na- 
tional Ski Team.’ The program for cardiac patients is a 5 
hour treatment program called Cardiac Stress Manage- 
ment Training (CSMT). Patients are trained in the meth- 
ods for coping with stress situations and stress arousal, and 
in the means for altering their lifestyles to reduce stress. It 
is assumed that the type A patient is particularly suscepti- 
ble to stress because his behavior places him in situations 
of stress, for instance, from deadlines. It is also assumed 
that the type A patient needs to alter his activities signifi- 
cantly in order to avoid further stress. 

All patients underwent rehabilitation in the Spalding 
Rehabilitation Center, Cardiac Reconditioning Unit, Den- 
ver, Colorado. This rehabilitation program is comprehen- 
sive, involving medical resources, physical exercise and di- 
etary assistance, all individualized for each patient. Pa- 
tients are introduced into the program within 2 to 4 weeks 
after infarction, and typically are followed up in an outpa- 
tient treatment program three times a week for 8 weeks. 
Blood lipid measurements are obtained at the beginning 
and at the end of the program through the laboratory facil- 
ities in the hospital attached to the Center. 

An experimental group of 10 type A patients was select- 
ed for Cardiac Stress Management Training, with a control 
group of 10 who did not receive this training. All patients 
had been undergoing the comprehensive medical rehabili- 
tation treatment previously indicated, that is, exercise, di- 
etary assistance and medical supervision. 

A questionnaire on the patients’ reactions to the stress 


training program indicated that 83 percent believed it led 


to substantial improvements in their reactions to stress, 
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and 83 percent believed there were major changes in their 
behavior patterns or lifestyles. 
The median cholesterol and triglyceride levels showed, 


respectively, a decrease from 215 to 194 mg/100 ml anda - 


decrease from 143 to 104 mg/100 ml in those patients who 
underwent the stress training. The control group showed 
no change in cholesterol level from the median of 214 mg/ 


100 ml, and a decrease in triglyceride level from 146 to 130 — 


mg/100 ml. The mean decrease in body weight in the group 


trained in stress management was 3.0 lb as compared with z | 


1.3 Ib for the patients in the control group. The only way in 


which the two groups differed was in the participation or - a 


nonparticipation in the stress management program. 


Further detailed statistical analyses are being conducted b 


on the data. At this point the stress management training 


program seems promising since 8 of 10 patients who partic- - 
ipated had a decrease in cholesterol level and 9 of 10 a de- - 


crease in triglyceride level, as compared with 5 of 10 pa- 
tients in the control group who had a decrease in either 
measurement. Since the program was developed as a short- 


term treatment program that can be completed in 2 weeks, — 
it may prove to be the first meaningful approach to reduc- - 
ing the psychological risk factors associated with heart dis- - 


ease. | 
Richard M. Suinn, PhD 
Loring Brock, MD 
Cecil A. Edie, PhD 
Colorado State University 
Fort Collins, Colorado 
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COMMENT 


The usual approach to management of a patient after myo- | 
cardial infarction is alteration of the primary risk factors . 


for infarction by such methods as changing diet, stopping 
smoking, normalizing weight, reducing serum lipids by diet 
and medication and enhancing physical activity, and, more 
recently, by purposeful programs of physical conditioning. 
Unfortunately, it is clear from published data that such ap- 


proaches have not been associated with a significant de- - 


crease in the rate of recurring coronary events. | 
The association of type A behavior with the incidence of 
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both primary and recurring coronary events seems clear 


from our own published data as well as the relevant data 
from many other investigators. The letter from Suinn et al. 


strongly indicates that alteration of the patient's behavior - 
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pattern should be attempted with the hope that it may fa- 
vorably influence the rate of future coronary events. Such 
attempts have been employed in various European centers 
for a number of years, and more recently in this country by 
Dr. Richard Rahe at the University of California at Los An- 
geles, and by Dr. Joseph Satten and me in our group in San 
Francisco, which meets twice a month for a group discus- 
sion. This behavioral approach to patient management nec- 
essarily involves a deconditioning process or a method that 
may enable a patient to acquire new adaptive habit pat- 
terns, as indicated by Suinn and his associates. 

The preliminary results reported by Suinn et al. con- 
cerning changes in serum lipid levels in their subjects are of 
great interest since we have observed similar favorable re- 
sponses in our own subjects after successful alterations of 
behavior. The low mean serum cholesterol level that Suinn 
et al. describe in their patients with coronary disease is sur- 
prising. However, hospitalization is usually associated with 
a decrease in serum lipid levels and it would be important 
for Suinn and his associates to compare their groups' pre- 
hospitalization serum lipid levels with the levels observed 
after the patients’ return to usual modes of living. 

I await with great interest the results of the studies of 
Suinn et al. and hope that their report will stimulate other 
investigators to conduct analogous studies with various 
modifications. 


Ray H. Rosenman, MD 
The Harold Brunn Institute 
San Francisco, California 


RELATION BETWEEN S-T SEGMENT DEPRESSION 
AND S WAVE AMPLITUDE 


Linhart's detailed hemodynamic measurements! reveal 
consistent reversible cardiac failure in pacing-invoked an- 
gina. We are currently investigating an electromechanical 
relation between the mathematically interpreted electro- 
cardiogram and cardiac function, as described by Posel.?? 
We have found that the amplitude of the S wave, in certain 
leads, can act as a left ventricular function transducer.*^^ In 
this context Figure 1 of Linhart's paper! is particularly rel- 
evant because it demonstrates a direct relation between the 
left ventricular end-diastolic pressure and the S wave am- 
plitude since they both increase in magnitude simulta- 





FIGURE 1. Simultaneous echocardiogram and electrocardiogram before (left) and after 
(right) the sublingual administration of nitroglycerin. 
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neously. This apparent coincidence is also evident in Fig- 
ure 1 of Linhart's previous paper. The echogram in our 
Figure 1 reveals a clear decrease in the S wave amplitude 
with the reduction of left ventricular volume due to the 
sublingual administration of nitroglycerin. 

S-T segment depression is usually associated with an in- 
crease in S wave amplitude.’® Our investigations suggest 
that the S wave changes and the S- T depression may actu- 
ally be separate though related phenomena, the S-T de- 
pression indicating anaerobism and the S wave the associ- 
ated cardiac failure. We have found that during exercise 
the S wave changes may precede the S-T depression (Fig. 
2). 

Linhart has twice published reports of a relation between 
changes in the S wave amplitude and reversible left ven- 
tricular failure. On the basis of his published graphs and 
our research we expect that a review of his records from 
this point of view may reveal more correlations of the S 
wave changes with the left ventricular end-diastolic pres- 
sure changes. The accuracy of such a prediction is depen- 
dent on the use of mathematically selected leads and the 
absence of ventricular conduction defects. Nevertheless, we 
await his findings with confidence. | 

We believe that the possibility of an electromechanical 
link between the electrocardiogram and cardiac function 
and the implications of such a simple atraumatic monitor 
of cardiac hemodynamic function requires detailed investi- 
gation, particularly in the light of the detailed clinical ap- 
plications described by Posel.? 


H. Edwards, MSc, AM InstP 

I.E. Katzeff, MB, CHB 

University of Durban-Westville, 

Durban, Republic of South Africa 
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FIGURE 2. Changes produced in the S wave of the electrocardiogram during exercise. 
A, before exercise, B, after 1 minute of exercise at 450 kilopond meters and C, after 1 
minute at 1050 kilopond meters. 
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MAXIMAL TREADMILL TESTING 


Bruce! recently provided convincing data on the multistage 
maximal treadmill test as the exercise test of first choice. 
This test has excellent diagnostic value in addition to pro- 
viding quantitative measurement of the functional capacity 
of the cardiovascular system. In the prospective study re- 
ported, there was some patient selection: The average age 
of subjects was 45 to 52 years and most were active and 
working. This could explain the excellent performance and 
feasibility of the test (97 percent accuracy in 15,000 tests). 
However, the average cardiac practice contains some pa- 
tients who are not always able to perform a maximal tread- 
mill test: the elderly (+70 years), the obese, those with 
musculoskeletal deformities of legs or feet, or patients with 
claudication or sequellae of hemiparesis or hemiplegia. 

It may be a question less of isometric versus dynamic 
tests or test X versus test Y, than of which test provides 
which diagnostic value or quantitative measure of cardio- 
vascular function and is feasible not only for the patient 
but for the budget, time and facilities of the physician or 
clinic. The popularity and efficacy of the Master two-step 
test did not happen by coincidence. 

There is now a rich variety of diagnostic tests with circu- 
latory implications. The passive muscular tests include 
postural changes (from Trendelenburg position 10° to tilt- 
ing [duration variable]); pharmacodynamic interventions 
(amyl nitrite, isoproterenol, atropine); and atrial pacing. 

The active muscular tests include (1) isometric exercise 
(Valsalva maneuver, unilateral or bilateral handgrip or 
weight lifting or pushing, waterskiing [easier to study on 
roller skates and treadmill]); (2) dynamic exercise (walking, 
stepping, pedaling, jogging, running); and (3) combined iso- 
metric and dynamic exercise. 

In all these tests, the same classic variables, such as heart 
rate, blood pressure, electrocardiographic patterns, S-T 
segment, dysrhythmias and symptoms and duration, are 
observed to assess the diagnostic value during and after 
testing. This wide spectrum of diagnostic tests, each with 
more or less severe limitations, allows most cardiologists to 
study most patients in most countries with a variable de- 
gree of accuracy. These tests are more supplementary than 
substitutive. A comparative study of most of these tests, 
used in the same healthy subjects and patients with coro- 

^ nary heart disease would be most interesting. 

? K. Bruyneel, MD 
Antwerp, Belgium 
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REPLY Wa: 
Regarding comments about ages of patients selected fora 
prospective study and “excellent performance and feasibil- — 
ity of the test,” I submit the following data, updated from 
an earlier report,! comparing numbers of male patients  . 
stopped by their physicians because of unfavorable re- 
sponses (numerators) with numbers of patients tested to 
symptomatic limits (denominators) according to 5 year age — 
groups and clinical diagnosis before testing (Table I). All . 
patients tested were ambulatory and none was considered 
to have acute or recent illness, especially myocardial infarc- 
tion. The results obtained suggest both the general feasibil- 
ity and the value of this method of testing to appraise car- - 
diovascular function. In addition, there is the curious phe- 
nomenon that the majority of instances of the physician's — 
stopping the tests occurred in healthy men under 60 years — ) 
of age. Sk 
I agree that there are both multiple objectives and a vari- 
ety of methods for stress testing the cardiovascular system — 
and that many have enjoyed considerable clinical usage. As 
for the popular double Master two-step test, the fact that it . 
has been used for several thousand persons does not make 
it the most appropriate. For example, Rowell and asso- 
ciates? pointed out the basic fallacy that, despite an effort — 
to adjust workload in terms of steps per unit time to sex, f 
age and weight, the test actually overtaxes the underweight 
patient and spares the overweight patient. Furthermore, 
the average oxygen requirement of 23 ml/kg of body weight 
per minute published by Blackburn et al.? happens to coin- 
cide with the average maximal oxygen uptake observed in a — 
series of ambulatory patients with coronary disease.* Thus, 
the demand may represent 100 percent or more of the ca- 
pacity in about half of patients who might be selected for. 
testing; Master stated that patients who exhibited an un- 
stable abnormal electrocardiogram or recent change in an- 
ginal pain at rest should not be tested, and this proved to- 
be an important safety precaution. A recent study from — 
this laboratory of patients tested in the same day on both 
bicycle ergometers and treadmill demonstrated that on the 
bicycle ergometer significantly higher systemic arterial 
pressures and pressure-rate products were reached in the — 
same patients.’ Thus, it may be easier to overload a hyper- — 
tensive or an ischemic left ventricle with this method. 


ae i. me S| HE 


T 


adi Dy 


E 


fou EY ob 


iz 


- -— y ^ Man [OT 
RE Pag T A n S YR 


" 
3 


-t 


Mr Adm 











TABLE I 23 

New Data t B 

is 

Diagnoses Before Treadmill Testing E 

; 

CHD 3 

Age oe CS om Prior — 

Groups Hyper- Normo- Hyper- Cardiac — 

(yr) Healthy tensive tensive tensive Arrest 8 

30-34 3/155 1/24 0/28 0/2 «| . 0/0 9 

35—39 5/397 . 2/47 0/60 0/21 0/1 3 

40—44 6/488 0/64 1/141 0/37 G/F atx 
45—49 3/453 | 0/76 4/254 2/103 1/7 
50—54 4/351 2/109 3/323 0/138 0/9 
55—59 2/159 1/65 1/290 4/138 0/6 
60—64 0/42 0/36 0/170 0/79 0/1 
65—69 0/4 0/6 0/38 0/22 0/4 
>70- 0/1 0/8 0/11 0/2 0/1 

Total 45/4426 = 1.02% 





CHD = coronary heart disease. 








. . Bruyneel’s classification of “passive muscular" diag- 
.. nostic tests using changes in body posture to alter the dis- 
. tribution of blood volume and preload on the heart, drugs 
- . to alter peripheral resistance and myocardial contraction or 
~ pacing to alter heart rate have their place in assessing func- 
_ tional responses under selected conditions, but may offer 
=~ less with respect to clinical diagnosis of heart disease. The 
. isometric tests provide approaches to augmentation of ven- 
~ tricular afterload but, unfortunately for the patient at some 
— risk for arrhythmias, they also evoke exercise pressor re- 
. sponses. Two instances are known of patients with coro- 
nary disease participating in waterskiing who experienced 
sudden death from ventricular fibrillation. (Although this 
. isometric “test method" may be “easier to study on roller 
- Skates and treadmill," I seriously doubt the wisdom of hav- 
. inga patient with heart disease unfamiliar with this activi- 
. ty attempt it for the sake of making it “easier” for the ob- 
Server.) 
-~ I agree that the dynamic exercises of walking, stepping, 
. pedaling, jogging or running are better, subject to the reser- 
_ vations cited. For some clinical problems, it can be helpful 
- to initiate symptoms with stressful dynamic arm exercise, 
— either alone or in combination with limited isometric exer- 
- cise. These stress tests often reveal the pathophysiologic 
= origins of the symptoms. I also agree on the value of obser- 
= vations of symptoms and circulatory and electrocardio- 
_ graphic responses as well as the intensity and duration of 
~ exertion that elicited these responses. 
- As for comparative studies of physiologic responses, I 
— suggest the papers by Doan et al.,8 Blackburn et al.,? She- 
.. phard and associates (for both submaximal? and maximal 
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a CARE OF THE CRITICALLY ILL, second edition, by Stephen 
.. M. Ayres, MD, Stanley Giannelli, Jr., MD and Hiltrud S. 
__ Mueller, MD. New York, Appleton-Century-Crofts, 1974, 359 
. pages, $12.50 

. This is the second edition of a book that first appeared in 
fa 1967. As Max Harry Weil mentions in the foreword, the 
. new edition represents tangible evidence of the evolution of 
. a new service speciality. The first edition, by Stephen 
_ Ayres, an internist, and Stanley Giannelli, a surgeon, was 
_ the first book to focus on the critically ill patient in the cat- 
-. egorical sense. Subsequently, Centers for the Critically Ill 
. arose and in 1970 the Society of Critical Care Medicine was 
- organized. In 1973, the first issue of a new journal, Critical 
.. Care Medicine, was published under the auspices of the so- 
 ciety. Thus, these authors set the stage for critical care 
. medicine in concept and in name. 

- The present edition, like the first, was written for all 
concerned with the care of extremely sick people. Basic 
_ physiologic concepts are presented in Part 1; the means of 
. applying these concepts to patients with cardiac, respirato- 
.. ry or renal failure, or all three, are presented in the com- 
.. pletely rewritten Part 2. This new edition is timely, easily 
be read, simply illustrated and useful. 
EDU E ce William C. Roberts, MD, FACC 
LN Bethesda, Maryland 
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exercise tests!?) and Kasch et al.!! for maximal tests in nor- 
mal subjects; with respect to hemodynamic studies in hy- 
pertensive patients and those with coronary heart disease, 
there are additional citations.!2.13 


Robert A. Bruce, MD, FACC 
University of Washington 
Seattle, Washington 
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MICRO-ANGIOGRAPHY OF THE LUNG IN INFANCY AND 
CHILDHOOD, by Bengt Robertson, MD. Stockholm, Swe- 
den, Proprius, 1973, 86 pages 


A slim volume that offers an in-depth study of the vascula- 
ture of the lung as it evolves from fetal to neonatal and 
later postnatal stages, this work from a pediatric pathology 
laboratory utilizes a combination of microangiographic and 
histologic techniques to obtain a two- or three-dimensional 
view of the vascular bed and its interconnections and rela- 
tionships. Dr. Robertson describes his findings in speci- 
mens without disease of the heart or lungs and then con- 
trasts these “normal” findings with those obtained from 
babies or children who died from conditions such as the id- 
iopathic respiratory distress syndrome or congenital heart 
disease. He gives details of the methodology of the injec- 
tion technique and preparation of the block for X-ray ex- 
posure and stereomicroscopic analysis. Photographs of the 
microangiogram are displayed alongside a histologic prepa- 
ration of a serial section so that the two ways of viewing the 
structure of the vasculature can be compared. 

The author then systematically describes the pulmonary 
and bronchial arterial systems, the arterial bronchopulmo- 
nary anastomoses, the pulmonary and bronchial venous 
systems and the system of pulmonary arteriovenous anas- 
tomoses. He begins each section with a brief historical re- 
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view of previous workers’ attempts at visualization of the 
different components of the vascular bed and then presents 
his original observations using his combined methodologic 
approach. Where pertinent, the author extends his ana- 
tomic observations to clinical correlates, although he is 
careful to point out that this postmortem demonstration of 
patency or communication of vessels does not necessarily 
imply that they functioned during life as patent or anasto- 
mosing channels. However, he reasonably states that the 
finding of obliterated channels can be construed to mean 
nonfunctional. 

Examples are given of severe pulmonary stenosis or atre- 
sia wherein arterial bronchopulmonary anastomoses do not 
become obliterated, as is usual, but remain patent and are 
present in large numbers. The author likens the “pruning” 
of the pumonary arterial tree that is observed in roentgeno- 
grams of patients with pulmonary hypertension and vascu- 
lar obstruction to the plexiform lesions he found at perpen- 
dicular branch points of the pulmonary arterial system. He 

also comments on the natural collateral venous path of the 

neonatal lung whereby true bronchial veins communicate 
with pulmonary veins and serve to decompress the pulmo- 
nary venous system of the neonate by draining the blood 
into the azygos system; this may be the explanation for the 
usual absence of rales in the lungs of a young baby with 
left-sided cardiac failure. The monograph concludes with 
an extensive and comprehensive list of references. 

Dr. Robertson accomplishes his objective of summarizing 
the contributions of microangiography to the field of pul- 
monary vascular morphology in a way that should prove in- 
teresting and helpful to pediatric cardiologists, neonatalo- 
gists, pulmonary physiologists and pathologists. 

Mary Allen Engle, MD 
New York, New York 


ADVANCES IN CARDIOLOGY: THE MYOCARDIUM, edited 
by Ralph Reader. Basel, Switzerland, S. Karger, 1974, 364 
pages, $41.85 


The proceedings of a conference on the myocardium orga- 
nized by the National Heart Foundation of Australia in 
1973 form the basis of the text. The presentations are by 
laboratory research workers and clinicians from Australia 
and other overseas nations who have contributed signifi- 
cantly to their respective areas of endeavor. The keynote 
address by Dr. P. I. Korner provides a succinct review of 
the salient points in the papers, which concern cardiac 
structure, excitation and conduction, contraction, muscle 
mechanics, myocardial metabolism, hypertrophy, coronary 
blood flow, clinical assessment of cardiac function, arrhyth- 
mias and coronary vein bypass surgery. The papers are well 
organized and the authors often present their most recent 
work and current theories in addition to reviewing their 
field of research. The photomicrographs are highly de- 
tailed, the diagrams denoting mechanisms of action are 
usefully designed and the presentations are selectively ref- 
erenced. 

This volume represents an up-to-date source of material 
in basic and clinical modern cardiology and will be of inter- 
est to basic researchers, clinicians and students. Although 
the price may reflect the inflated cost of medical research 
as well as devaluation of the U.S. dollar, the text is highly 
recommended. 


Charles E. Rackley, MD, FACC 
Birmingham, Alabama 


BOOK REVIEWS _ 


MECHANISMS OF HYPERTENSION, edited by Mohinder B. 
Sambhi. New York, American Elsevier, 1973, 389 pages, — 
$57.70 | 

This volume, a record of a workshop conference on hy- 
pertension that took place in Los Angeles in 1973, is char- 
acterized by an unusually wide variation in quality, from 


very good to mediocre. For the internist, cardiologist or ahy — 


practicing physician, the book confuses rather than clari- 
fies the subject of hypertension. Some aspects, such as 
renin, angiotensin, aldosterone and prostaglandin, are 
overemphasized, whereas “benign” essential hypertension 
and its treatment are underemphasized, making much of 
the book irrelevant to the clinician, since 90 percent of the 
hypertensive patients he sees have “benign” essential hy- 
pertension. The price of the volume seems somewhat exces- 
sive since the workshop was supported by several drug - 
companies. 


The clinician will find the book confusing and unreward- 


ing, but it will undoubtedly be of value to scientists inter- 

ested in the chemistry of the hypertensive process although 
it contains little that is not published elsewhere. A Spo 

Milton Mendlowitz, MD — 

New York, New York 


7TH EUROPEAN CONFERENCE ON MICROCIRCULATION. 
PART I: METHODOLOGY ON MICROCIRCULATION, edited 
by J. Ditzel, MD and D. H. Lewis, MD. Basel, S. Karger, 546 
pages, $104 


This book comprises 80 papers presented at the 7th Euro- 

pean Congress on Microcirculation. Part I contains a de- 
tailed explanation of methods used in the study of micro- 
circulation and reviews the experience of internationally 
known pioneers in this field. The book is divided into seven 
chapters. The first chapter extensively discusses methods 
utilized for assessment of microcirculation within various 
organ tissues. The second deals with rheology and the in- 
fluence of different physical properties of blood cells and 
components on microcirculation; there is a good discussion 
of methods and results for each study. The third chapter 
discusses myocardial blood flow and effects of various fac- 
tors on regional coronary and collateral blood flow. The ef- 
fects of intramyocardial pressure on subendocardial blood  . 
flow and the effects of clinical disease states such as left — 
ventricular hypertrophy and acute myocardial infarction  . 
on microcirculation and coronary collateral vessels are also — 
discussed. Other chapters deal with the use of the light mi- _ 
croscope and electron microscope in the study of red cell 
agglutination and cell aggregation and general aspects of 
the study of microcirculation and their application in clini- 
cal states, emphasizing methods. The table of contents is 


somewhat limited but does not distract from the value of 


the book. Printing style and editing are excellent; there is 
sufficient information within every paper to explain its 
purpose, methods and conclusions. 

This volume is a compendium of the study of microcircu- 
lation and is a highly specialized book of great importance 
to the students of this field; it is not intended for general 
cardiologists or clinically oriented students of cardiology. 
However, the highly sophisticated methods utilized and the 
results obtained are of value to any academician's general 
knowledge of microcirculation within various tissues. 

Hooshang Bolooki, MD 
Miami, Florida 
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Arterial wall metabolism in experimental 
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Beta-Blockers in the management of myocardial 
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* Citations obtained from the National Library of Medicine's MEDLARS Retrieval Program—Bibliogra- 
phy of Medical Reviews. The first of these Bibliographies, and an explanatory editorial, appeared in 
the September 1971 issue (Am J Cardiol 28: 366-367, 1971). 
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; Calendar of Continuing Medical Education Programs 


is ‘The aim of each program is to increase the 
Z theoretical and practical knowledge of the 
Be ‘normal and abnormal function of the cardio- 
. vascular system in man. Most of the pro- 
. grams are pertinent to direct care of pa- 
. tients with heart disease. The need for such 
programs increases with the ever increasing 
.— amount of scientific and clinical data, the 
E constant changes in technology and meth- 


vised programs which are usually preceded 
by extensive consultations with the program 
directors recruited among the foremost spe- 
cialists, educators and scientists in the field 
of clinical cardiology and allied basic 
science disciplines. 

Although each program director is per- 
sonally responsible for the choice of faculty, 
and the structure of the program, the Na- 
tional Committee of Continuing Education 
assumes the overall responsibility for the 
caliber of the postgraduate education and 
the relevance to the practice of cardiology. 


and attitudes of the participants. 

These programs should help each physi- 
cian to keep up with the new knowledge, to 
put into practice the new advances and to 
retract gracefully from the obsolete and use- 
less practices. An effective practitioner 
must learn and relearn, listen to new ideas, 
share past experiences and observe the 
work of his peers. The National Program 
Committee for Continuing Medical Education 
of the American College of Cardiology be- 
lieves that these goals can be accomplished 
by all members and nonmember profession- 


-odology, and the greater availability of thera- 
peutic options. Today most cardiologists, in- 
es ternists and family practitioners feel the 
| need of supplementing their professional 


- reading by direct contact with the authors, 
A bf research workers and leaders in the field. 
— To solve these problems the Committee 


a 






“selects each year series of carefully super- 


1975 


Preceptorships in Cardiology. 


This is accomplished by the processes of 
meticulous scrutiny of the objectives, analy- 
sis of the educational methods, and studying 
the impact of each course on the knowledge 


i Programs and faculty are subject to change. For further information write Mary Anne Mclnerny, 
. Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 


Good Samaritan Hospital, Day- 
ton, Ohio 


als participating in our continuing education 

programs. 
Borys Surawicz, MD, FACC, Chairman 
National Program Committee 


Director, Department of Continuing Education 


tor. Williamsburg Conference 
Center, Williamsburg, Va. 
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Borys Surawicz, FACC, and 
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s Paul L. McHenry, FACC, direc- Calif 
b. tors. University of Kentucky d qr SON DR ; Yo A. a 
E Medical Center, Lexington, Ky. "sene EMT oer v^; - DEC. The Dwight E. Harken ympo- 
R 14-16 rent Concepts. Wiliam J. 12-14 sium: Advances in the Prophyl- 
p. Core Curriculum: Mechanisms Grace, FACC, director and axis and Therapy of Cardiovas- 
S and Therapy of Cardiac Arrhyth- Richard J. Kennedy, FACC and cular Disease. Henry |. Russek, 
E mias. Leonard S. Dreifus, FACC, James T. Mazzara, FACC, co- FACC, director. Americana Ho- 
d director and Albert N. Brest, directors. St. Vincent's Hospital tel, New York, N.Y. 
TE FACC and Yoshio Watanabe, and Medical Center of New 1976 
e FACC, co-directors. He Lan- York, New York, N.Y. JAN. Future Directions in ifa "Mas: 
e. kenau Hospital, Philadelphia, Pa. 11-13 agement of Cardiac Disease: 
C NOV. Core Curriculum: Phonocardiog- A Bicentennial S int 
. SEPT. Advanced Echocardiography.  &- a. me PM 
6-8 raphy and Pulse Recording : 
SEY ; ; John H. K. Vogel, FACC, direc- 
E Harvey Feigenbaum, FACC, di- | Workshop. Morton E. Tavel, e 
` QCT.2 rector and Betty C. Corya and tor and Bruce C. Paton, FACC 
[ME FACC, director. The Methodist nd. James S -Fomaster cob 
os James C. Dillon, FACC, co- a i ' 
AT) Hospital Graduate Medical directors. Snowmass-at-Aspen 
[am directors. Indianapolis Hilton ; ; : pan, 
KE. ; Center, Indianapolis, Ind. A Col 
CORN Hotel, Indianapolis, Ind. spen, Colo. 
e ; VET JAN. Core Curriculum: Pediatric 
|. OCT Cardiology for the Consultant NOV. Core Curriculum: Echocardiog 
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he, PLC 12-14 raphy, Phonocardiography and 
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NU. « i Kaplan, FACC,  co-director. 
fir versity of  Missouri—Kansas shop. Alberto Benchimol, FACC, ! i : EST 
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NEW MEMBERS 


The following individuals were elected to 
membership in the American College of 
Cardiology on May 22, 1975, in the category 
indicated. 


FELLOWSHIP 


ADES, Felix, MD, Massachusetts 
ADYANTHAYA, Ajit V., MD, Texas 
AKER, Umit T., MD, Missouri 

AKHTAR, Abdul H., MD, Pakistan 
ANDERSON, Terence W., BM, Ontario 
ARTHUR, Arvin, MD, Kansas 
ASKANAS, Aleksander, MD, New York 
AVENTURA, Avenilo P., MD, Philippines 
BAKER, Lawrence D., MD, Massachusetts 
BAKSI, Kanti B., MD, India 

BASTA, Lofty L., MD, Oklahoma 
BHATIA, Madan L., MB, India 

BLOCK, Peter C., MD, Massachusetts 
BOZEMAN, James R., MD, Louisiana 
BUDOW, Jack, MD, New York 

BUJA, Louis M., MD, Texas 

CARLINER, Nathan H., MD, Georgia 
CHOPRA, P. S., MD, Wisconsin 
DeCRINIS, Kurt A., MD, California 
DIACO, Nicholas V., MD, California 
EARNEST, James B., MD, Missouri 
EL-SHERIF, A. A., MD, Egypt 

FINEGAN, Robert E., MD, California 
FISHER, Elizabeth A., MD, Illinois 
FITZGERALD, Joseph C., MD, Maryland 
FLINT, James F., MD, Connecticut 
FRIEDLAND, Sigmund W., MD, Texas 
GANGULY, Sunilendu N., MD, Michigan 
GARCIA-Cornejo, Marcelo, MD, Mexico 
GESELOWITZ, David B., PhD, Pennsylvania 
GILMORE, Joseph P., PhD, Nebraska 
GOLDEN, Michael S., MD, Washington 
GORDON, Fallon T., MD, Texas 
GUNDEL, Walter D., MD, Vermont 
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25th ANNUAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY 


New Orleans, Louisiana February 23-26, 1976 


e Abstracts 
Entries must be postmarked no later than September 22, 1975 


( e Technical Exhibits 
Deadline for requests for space: October 13, 1975 


e Scientific Exhibits 
Deadline for requests for space: October 13, 1975 


e Young Investigators’ Awards Competition 
Entries must be postmarked no later than October 31, 1975 


For application forms, write Patrick A. Ziarnik, Director, Annual Scientific Session Department, 
American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 
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.* Address manuscript to Simon Dack, 
MD, American Journal of Cardiology, 
666 Fifth Ave., New York, NY 10019. 


E e Submit two copies of all elements of 


. the article: text, references, legends, ta- 
bles and figures. 
œ Arrange the paper in this order: (1) 


$ “title page; (2) abstract; (3) text; (4) ref- 
B Lroncec: (5) legends; (6) tables; and (7) 
figures. 

s =~ e Number all 


pages in above se- 
quence, beginning with title page as 1, 
abstract as 2, etc. 


œ Type all matter: (1) on 8% X 11 
E s opaque white bond paper; (2) in dupli- 
" 


cate; (3) on one side of each sheet only; 
(4) double-space; (5) leave wide mar- 
. gins, all four sides. 


. THE TITLE PAGE 


e Include first names, degrees and, 
White applicable, FACC for all authors. 


-. Provide a short running title of 3 to 6 
. words. 


e Insert at bottom: name and address 
of institution from which work originated 
plus information about grants. 


_e Add at bottom the phrase ''Address 


- for reprints: ...’’ followed by full name 


. and address with zip code. 
— THE ABSTRACT 


- œ Limit words as follows: 100 to 250 


words for major articles; 50 to 100 
words for case reports. 


..* Add at end of abstract: list of 2 to 6 
— key words and subjects for indexing. 


THE TEXT 


. e Type in duplicate; double-space. 
— » Do not use abbreviations such as 


SVC, WPW: write out; superior vena 


.. cava, Wolff-Parkinson-White. 
.* Abbreviate measurements (mm, kcal 
- and the like) as recommended in the 


Style Manual for Biological Journals, 


-— American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 


Washington, D. C. 
e Cite in numerical order every refer- 


.. ence, figure and table. (Order of men- 
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The editors of THE AMERICAN JOURNAL OF CARDIOLOGY welcome con- 
cise articles devoted to cardiovascular disease. Articles must be contrib- 
uted solely to THE AMERICAN JOURNAL OF CARDIOLOGY and become the 
property of the Publisher. The Publisher reserves copyright and renewal on 
all published material, and such material may not be reproduced in any form 
without the written permission of the Publisher. Statements in articles are 
the responsibility of the authors. Authors will assist the editors in the prompt 
processing of manuscripts if these instructions are followed: 


tion in text determines the number given 
to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Number the references in order in 
which they are mentioned in text. 

e Provide concluding page numbers for 
all journal references and specific page 
numbers for all book references. Indi- 
cate all abstracts by the abbreviation 
(abstr). 

e Follow the general arrangement, ab- 
breviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

e Number pages in sequence after last 
page of references. 

e Identify at the end of each legend and 
in alphabetical order all abbreviations in 
the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 


e Give each table a number (in roman 
numerals; Table |, ll, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all ab- 
breviations used. 


THE FIGURES 


e Submit 2 glossy prints (not originals) 
of each photo and drawing. 

e Please note that art work of pub- 
lished articles will not be returned. 

e Use black ink for all charts (line 
drawings). Make decimals, broken lines, 
etc. strong enough for reproduction. 

e Use arrows to designate special fea- 
tures. 

e Crop photomicrographs to show only 
essential field. 

e Identify figures on back by number 
and author's name. 

e Number figures in order in which they 
are mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from pub- 
lisher and author to reproduce any pre- 
viously published figures. 

e Limit figures to number necessary for 
clarity. The publisher allows a limited 
sum toward reproduction. 


Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 


31. Bellet S, Feinberg LJ, Sandberg H, et al: 
The effects of caffeine on free fatty acids 
and blood coagulation parameters of dogs. J 
Pharmacol Exp Ther 159: 250-254, 1968 


(Author: please note that no periods are used after authors’ initials.) 


For books (edited by other than author of article): 


28, Schiebler GL, Van Mierop LHS, Krovetz LJ: 
Diseases of the tricuspid valve, chap 20. In, 
Heart Disease in Infants, Children and Ado- 
lescents (Moss AJ, Adams F, ed). Baltimore, 
Williams & Wilkins, 1968, p 134 


For books (with identical author and editor ): 


36. Berne E: Princíples of Group Treatment. New 
York, Oxford University Press, 1966, p 26 


(Author: all book references should have specific page numbers) 
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Write it 
. precision quality control... 
e assured tablet content uniformity" 


predictable patient response... 
eproven biologic availability" 


Contraindications: There are no absolute contraindications to digitalis. However, in ventricular paroxysmal tachycardia or 
ventricular fibrillation, it should be used only in refractory cases not induced by digitalis intoxication and if heart failure íj 
has developed. i 
Precautions: If the patient has been given digoxin during the previous week or any other less rapidly excreted drug of 
the digitalis group during the previous two weeks, the dose of Lanoxin brand Digoxin must be reduced accordingly. | 4 
Because of impaired renal function and excretion in elderly patients, they frequently require lower than recommended doses. T 

Potassium loss in patients sensitizes the heart to digitalis intoxication even with recommended doses. The diuretic , 
agents as well as electrolyte manipulations by the physician are major causes of potassium depletion in cardiac patients. E 
Under these conditions, it may be necessary to reduce the usual dosages of Lanoxin brand Digoxin during digitalization 5 
and maintenance. 

Digoxin is usually ineffective in cases of cardiac failure due to mechanical causes which are independent of 

^ myocardial diseases, e.g., cardiac tamponade, or to disorders not primarily of cardiac origin, as severe anemia. Despite d 

"a variable or poor response to digoxin in the presence of active rheumatic carditis, the development of cardiac failure 1 
ıs an indication for its use. =! 
Effects of Overdosage and Treatment: The symptoms of overdosage with digoxin are quite similar to those occurring a 
with other digitalis preparations. The most common toxic manifestations are anorexia, nausea, vomiting and various 1 
cardiac arrhythmias, including ventricular extrasystoles and paroxysmal supraventricular tachycardia or fibrillation with a 
A-V block. In general, the gastrointestinal manifestations of toxicity with digoxin precede the cardiac arrhythmias »- 
occurring from overdosage. Furthermore, because of the rapid dissipation of digoxin, manifestations of toxicity are of short 3 
duration, usually lasting from a few hours to one or two days. 

If necessary, potassium chloride may be administered as an intravenous infusion containing (adult dosage) 40 
milliequivalents in 500 cc. of 596 dextrose in water, given over the course of 1 hour and repeated, if required, until a total 
of 120 milliequivalents have been given (1 mEq. KCI — 74.5 mg.). Electrocardiographic monitoring should be conducted 
and the infusion halted immediately upon the appearance of peaking of the T-waves. For children, the intravenous 
infusion dosage of potassium chloride would be 5 to 10 milliequivalents in 100 cc. of 5% dextrose in water given over the 
course of 1 hour, repeated if required, to a total of 15 tc 30 milliequivalents. For more serious intoxication with abnormal 
cardiac rhythms, potassium chloride may be given orally in divided doses totalling 4 to 6 grams per day (adults) or 
1 to 2 grams (children) provided renal failure is not present. 

LANOXIN? digoxin TABLETS. 0.125 mg. (yellow) in bottles of 100 and 1,000. 0.25 mg. (white) scored, 
in bottles of 100, 500, 1,000 and 5,000; also Unit Dose Pack, strips of 10 tablets, 10 boxes of 100 tablets (1,000). : 
0.5 mg. (green) scored, in bottles of 100 and 1,000. ia 


L@NOXIN digoxin p peee 


Research Triangle Park 
*Complete literature available on request from Professional Services Dept. PML. Wellcome / North Carolina 27709 ` 
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Identifying your patient at risk 
of thromboembolic complications 


While every MI patient is not a candidate for oral anti- 
coagulation therapy, a history of previous infarct or 
angina, persistent atrial fibrillation or congestive fail- 
ure, severe hypotension or shock or serious ar- 
rhythmia may increase risk of thromboembolic 
complications. 

In addition, certain procedures often place your 
surgical patient, particularly if he's over 40 years of 
age, in the high risk category—cup arthroplasty or 
pelvic surgery, heart valve replacement, reparative 
vascular surgery. 

Your geriatric patient, too, is at high risk of throm- 
boembolism if he's suffered a fracture—especially 
of the hip, pelvis or a lower extremity—or if his history 
includes venous insufficiency. 

For any of these individuals, obesity, previous 
episodes of venous thrombosis or pulmonary em- 
bolism and a future including prolonged bed rest all 
increase the risk of thromboembolic complications, 
and make him a candidate for oral anticoagulation. 


COUMADIN® is an Endo U.S. registered trademark. 
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Laboratory monitoring 


For every patient receiving COUMADINS (crystalline 
sodium warfarin), frequent laboratory monitoring is a 
key to effective therapy. Determine prothrombin time 
daily until results stabilize in the therapeutic range 
—1Ve to 2Ve times normal. Individualize dosage and 
administration as indicated by prothrombin time re- 
sults. Determine subsequent prothrombin times pe- 
riodically throughout the course of therapy. 


Educating your patient 


Because a patient is generally more reliable if he 
understands his condition and his medication, he 
should be made aware of the factors that may influ- 
ence his prothrombin time and, therefore, his re- 
sponse to COUMADIN*— dietary change, travel, 
other medication, change in physical condition and 
abrupt environmental change. What's more, he 
should know the importance of regularly taking the 
exact dosage of COUMADIN® prescribed and of 
keeping every appointment with you and with the 
laboratory. 
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Therapeutic principles 
put into practice 


UMADIN 


CRYSTALLINE SODIUM WARFARIN’) 


INDICATIONS Based on a review of this drug by the National Academy of Sciences—National 
Research Council and/or other information, FDA has classified the indications as follows: 

Effective: COUMADIN" is indicated for the prophylaxis and treatment of venous thrombosis and 
its extension, the treatment of atrial fibrillation with embolization, the prophylaxis and treatment 









of pulmonary embolism, and as an adjunct in the treatment of coronary occlusion. 
"Possibly" effective: as an adjunct in the treatment of transient cerebral ischemic attacks. 
Final classification of the less-than-effective indication requires further investigation. 





CONTRAINDICATIONS Anticoagulation is contraindicated in any localized or general physical condition or 
personal circumstance in which the hazard of hemorrhage might be greater than its potential clinical 
benefits, such as: 


Hemorrhagic tendencies or blood dyscrasias. Recent or contemplated surgery of: (1) central nervous 
system; (2) eye; (3) traumatic surgery resulting in large open surfaces. Bleeding tendencies associated 
with active ulceration or overt bleeding of: (1) gastrointestinal, genitourinary or respiratory tracts; (2) 
cerebrovascular hemorrhage; (3) aneurysms-cerebral, dissecting aorta; (4) pericardial effusions; (5) 
subacute bacterial endocarditis. Threatened abortion, eclampsia and preeclampsia. Inadequate labora- 
tory facilities or unsupervised senility, alcoholism, psychosis; or lack of patient cooperation. Miscella- 
neous; polyarthritis, vitamin C deficiency, major regional and lumbar block anesthesia. 


WARNINGS Sodium warfarin is a potent drug with a half-life of 22 days; therefore its effects may become 
3 more pronounced as daily maintenance doses overlap. It cannot be emphasized too strongly that treatment 
of each patient is a highly individualized matter. Dosage should be controlled by periodic determinations of 
- prothrombin time or other suitable coagulation tests. Determinations of whole blood clotting and bleeding 
times are not effective measures for control of therapy. Heparin prolongs the one-stage prothrombin time. 
Therefore, to obtain a valid prothrombin time when heparin and COUMADIN® are given together, a period 
of 4 to 5 hours should elapse after the last intravenous dose and 12 to 24 hours after the last subcutaneous 
dose of heparin, before blood is drawn. 


Caution should be observed when sodium warfarin is administered in any situation or physical condition 
where added risk of hemorrhage is present. 


Administration of anticoagulants in the following conditions will be based upon clinica! judgment in which 
the risks of anticoagulant therapy are weighed against the risk of thrombosis or embolization in untreated 
cases. The following may be associated with these increased risks: 


Pregnancy- COUMADIN" passes through the placental barrier, and the danger of hemorrhage to the fetus 

exists even to the point of fatal hemorrhage in utero, even in the accepted therapeutic range of maternal 

prothrombin level. Close observation and laboratory control are essential. The newborn may be particularly 

sensitive to sodium warfarin. There have been reports of birth malformations in children born to mothers 

who have been treated with warfarin during the first trimester of pregnancy. Whether warfarin was in fact 

the responsible agent has not been established. Therefore, women of childbearing potential who are can- 
didates for anticoagulant therapy should be carefully evaluated and the indications critically reviewed. If 

COUMADIN® must be used during pregnancy, or if the patient becomes pregnant while taking this drug, 
the patient should be apprised of the potential risks to the fetus, and the possibility of termination of the 

pregnancy should be discussed in light of those risks. Lactation -coumarins may pass into the milk of 

mothers and cause a prothrombinopenic state in the nursing infant. Prolonged dietary deficiency 

(cachexia, vitamin K). Severe to moderate hepatic or renal insufficiency. Infectious diseases or distur- 
bances of intestinal flora-sprue, antibiotic therapy. Trauma which may result in internal bleeding. 
Surgery or trauma resulting in large exposed raw surfaces. Indwelling catheters. Spinal puncture. Severe 

to moderate hypertension. Miscellaneous: polycythemia vera, vasculitis, severe diabetes, menometror- 
rhagia, allergic and anaphylactic disorders. 


^ Patients with congestive heart failure may become more sensitive to COUMADIN" , thereby requiring more 
» frequent laboratory monitoring, and reduced doses of COUMADIN’ . 


Abrupt cessation of anticoagulant therapy is not generally recommended; taper dose gradually over three to 
four weeks. 


PRECAUTIONS Periodic determination of prothrombin time or other suitable coagulation test is essen- 


Numerous factors, alone or in combination, including travel, changes in diet, environment, physical 
state and medication may influence response of the patient to anticoagulants. It is generally good prac- 

- tice to monitor the patient's response with additional prothrombin time determinations in the period 
immediately after discharge from the hospital, and whenever other medications are initiated, discon- 
tinued or taken haphazardly. The following factors are listed for your reference; however, other factors 
may also affect the prothrombin response. 


The following factors, alone or in combination, may be responsible for increased prothrombin time 
response: 

ENDOGENOUS FACTORS: Carcinoma; collagen disease; congestive heart failure; diarrhea; elevated temper- 
ature; hepatic disorders-infectious hepatitis, jaundice; poor nutritional state; vitamin K deficiency- stea- 
 torrhea. 


EXOGENOUS FACTORS: Alcoholt; allopurinol; aminosalicylic acid; anabolic steroids; antibiotics; brome- 
lains; chloral hydratet; chlorpropamide; chymotrypsin; cinchophen; clofibrate; COUMADIN* overdosage; 
dextran; dextrothyroxine; diazoxide; dietary deficiencies; diureticst; disulfiram; drugs affecting blood ele- 
ments; ethacrynic acid; glucagon; hepatotoxic drugs; indomethacin; inhalation anesthetics; mefenamic 
acid; methylphenidate; monoamine oxidase inhibitors; nalidixic acid; oxyphenbutazone; phenylbutazone; 
phenyramidol; prolonged hot weather; prolonged narcotics; quinidine; quinine; salicylates (in excess of 1 
Gm/day); sulfinpyrazone; sulfonamides, long acting; thyroid drugs; tolbutamide; triclofos sodium; unreli- 
able prothrombin time determinations. 

tincreased and decreased prothrombin time responses have been reported. 

The following factors, alone or in combination, may be responsible for decreased prothrombin time 
response: 


ENDOGENOUS FACTORS: Diabetes mellitus; edema; hereditary resistance to coumarin therapy; hyperlipe- 
mia; hypothyroidism. 


xy 


*Present as crystalline sodium warfarin isopropanol clathrate. 
. Licensed by Wisconsin Alumni Research Foundation. 
. US, Pat. No. 3,077,481 (Reissue No. 25,866) 
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EXOGENOUS FACTORS: Adrenocortical steroids; alcoholt; antacids; antihistamines; barbiturates; chloral x 
hydratet; chlordiazepoxide; cholestyramine; COUMADIN® underdosage; diet high in vitamin K (vegetables, — - 
fish, fish oil, onions). diureticst; ethchlorvynol; glutethimide; griseofulvin; haloperidol; meprobamate; oral 


M 


contraceptives; paraldehyde; primidone; rifampin; unreliable prothrombin time determinations; vitamin C. — E 
tincreased and decreased prothrombin time responses have been reported. : 


A patient may be exposed to a combination of the above factors, some of which may increase and some 
decrease his sensitivity to COUMADIN® . Because the net effect on his prothrombin time response may be — - 
unpredictable under these circumstances, more frequent laboratory monitoring is advisable. Zh 


i » ig 
Drugs not yet shown to interact or not to interact with coumarins are best regarded with suspicion, and RA 
when their administration is started or stopped, the prothrombin time should be determined more often E. 
than usual. $ 
L^ 


Coumarins also affect the action of other drugs. Hypoglycemic agents (chlorpropamide and tolbutamide) Ec 
and anticonvulsants (diphenylhydantoin and phenobarbital) may accumulate in the body as a result of inter- — 
ference with either their metabolism or excretion. | i 


ADVERSE REACTIONS Potential side effects of COUMADIN® (crystalline sodium warfarin) include: l Y 


1. Minor or major hemorrhage from any tissue or organ-which is an extension of the physiologic activity of 
prothrombinopenia. The signs and symptoms will vary according to the location and degree or extent of the — - 
bleeding. Therefore the possibility of hemorrhage should be considered in evaluating the condition of any 2 
anticoagulated patient with complaints which do not indicate an obvious diagnosis. Bleeding during .— 
anticoagulant therapy does not always correlate with prothrombin activity. (See TREATMENT FOR OVERES : 
DOSAGE.) TN is : 
Bleeding which occurs when the prothrombin time is within the therapeutic range warrants diagnostic — 
investigation since it may unmask a previously unsuspected lesion, e.g. tumor, uiCeretc. — * v TE 


2. Side effects other than hemorrhage are infrequent and consist of alopecia, urticaria, dermatitis, fever, — 
nausea, diarrhea, abdominal cramping, a syndrome called ‘‘purple toes,” hypersensitivity reactions and an > 
extremely rare reaction consisting of hemorrhagic infarction and necrosis of the skin. EM V 


DOSAGE AND LABORATORY CONTROL The aim of anticoagulant therapy is to impede the coagulation dE ^ 
clotting mechanism to such an extent that thrombosis will not occur, but at the same time avoiding such — — 
extensive impairment as might produce spontaneous bleeding. Effective therapeutic levels with mini 
complications can best be achieved in cooperative and well-instructed patients, who keep the d "a 
informed of their status between visits. COUMADIN" patient aids are available to physicians on request. here 
The administration and dosage of COUMADIN® must be individualized for each patient according to the - sf 
particular patient's sensitivity to the drug as indicated by the prothrombin time. The prothrombin time — — 
reflects the depression of vitamin K-dependent factors, namely Factors VII, IX, X and II, the factors affected — — 
by coumarin anticoagulants. There are several modifications of the Quick one-stage prothrombin time and — S 


the physician should become familiar with the specific method used in his laboratory. 


i > n 
Administration of COUMADIN® should be gauged according to prothrombin time determinations by a suit- — - 
able method. The blood prothrombin time should usually be determined daily after the administration ofthe — 
initial dose until prothrombin time results stabilize in the therapeutic range. Intervals between subsequent 
prothrombin time determinations should be based upon the physician's judgment of the patient's reliability — 
and response to warfarin in order to maintain the individual within the therapeutic range. Acceptable inter- — - 
vals for prothrombin time determinations have usually fallen within the range of one to four weeks. Satis- — 
factory levels for maintenance of therapeutic prothrombinopenia are 1% to 2% times the normal — 
prothrombin time (e.g. 21 to 35 seconds, with a control of 14 seconds). ^io. 
Induction—40 to 60 mg for average adult or 20 to 30 mg for elderly and/or debilitated patients for one dose — 
only administered orally, intravenously or intramuscularly. i M 
Maintenance- Most patients are satisfactorily maintained at a dose of 2 to 10 mg daily. Flexibility of dosage - 
is provided by breaking scored tablets in half. The individual dose and interval should be gauged by the . 
patient's prothrombin response. Pty 
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Duration of therapy- The duration of therapy in each patient should be individualized. In general, anti- — 


coagulant therapy should be continued until the danger of thrombosis and embolism has passed. ra. hue 


Treatment during dentistry and surgery- The management of patients who undergo dental and surgical — 
procedures requires close liaison between attending physicians, surgeons and dentists. Interruption of — 
anticoagulant therapy may precipitate thromboembolism, and conversely, if anticoagulants are maintained e 
at full doses, some patients may hemorrhage excessively. If it is elected to administer anticoagulants for 
to, during, or immediately following dental or surgical procedures, it is recommended that the dosage of — - 
COUMADIN® be adjusted to maintain the prothrombin time at approximately 1% to 2 times the control — - 
level. The operative site should be sufficiently limited to permit the effective use of local procedures for he- — 
mostasis including absorbable hemostatic agents, sutures, and pressure dressings if necessary. Under — : 
these conditions dental and surgical procedures may be performed without undue risk of hemorrhage. ; 


COUMADIN® with Heparin-Since a delay intervenes between the administration of the initial dose and the — 
therapeutic prolongation of prothrombin time, it may be advisable in situations of great emergency to — 
administer sodium heparin initially along with COUMADIN . The initial dose of heparin and injectable - 
COUMADIN may be administered together in the same syringe. It should be noted that heparin may affect —. 
the prothrombin time; and therefore, when patients are receiving both heparin and COUMADIN® , the blood 
sample for prothrombin time determination should be drawn just prior to the next heparin dosage, and 
preferably 4 to 5 hours after the last intravenous injection or 12 to 24 hours after the last subcutaneous — 
injection. t NM 
TREATMENT FOR OVERDOSAGE Excessive prothrombinopenia, with or without bleeding, is readily con- . 
trolled by discontinuing COUMADIN® (crystalline sodium warfarin), and if necessary, the oral or parenteral — 
administration of vitamin Kı. The appearance of microscopic hematuria, excessive menstrual bleeding, 
melena, petechiae or oozing from nicks made while shaving are early manifestations of hypoprothrom- 
binemia beyond a safe and satisfactory level. Ae 
In excessive prothrombinopenia with mild or no bleeding, omission of one or more doses of COUMADIN® P 
may suffice; and if necessary, small doses of vitamin K, orally, 2.5 to 10 mg, will usually correct the 
problem. A 
If minor bleeding persists, or progresses to frank bleeding, vitamin K: in doses of 5 to 25 mg may be given à 
parenterally. (Please note recommendations accompanying vitamin K preparations prior to use.) "he i 
Fresh whole blood transfusions should be considered in cases of severe bleeding or prothrombinopenic — 
states unresponsive to vitamin K:. AU $ 
Resumption of COUMADIN® administration reverses the effect of vitamin Kı, and a therapeutic hypo- — 
prothrombinemia level can again be obtained. "E 
SUPPLIED Tablets: COUMADIN® (crystalline sodium warfarin). For oral use, single scored, imprinted ^. 
! 
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numerically with potency as follows: 2 mg lavender, 2Y? mg orange, 5 mg peach, 7% mg yellow, 10mg - 


i 


white, 25 mg red. In bottles of 100 and 1000. Also available in Hospital Unit-Dose blister package of 100. — 


Injection: Available as single injection units of amorphous sodium warfarin lyophilized for intravenous Or | 
intramuscular use in a box of 6 units. 50 mg: Unit consists of 1 vial, 50 mg; sodium chloride, 10 mg; - 
thimerosal, 0.2 mg. pH is adjusted with sodium hydroxide, accompanied by a 2 ml ampul Sterile Water for — - 
Injection. 75 mg: Unit consists of 1 vial, 75 mg; sodium chloride, 15 mg; thimerosal, 0.3 mg. pH is 
adjusted with sodium hydroxide, accompanied by a 3 ml ampul Sterile Water for Injection. Sa 


Sterile Water for Injection contains no antimicrobial or other substance, and it is not suitable for intravascu- 
lar injection without first having been made approximately isotonic by the addition of a suitable solute. Use — 
only for reconstitution of the lyophilized product. Rev. April, 1975 
Endo Laboratories, Inc. | : 

Subsidiary of E.l. du Pont de Nemours & Co. (Inc.) a 

Garden City, N.Y. 11530 n 
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1 Car OTt 
CardioBeeper* -PM pacer monitor are 
unlike any heart monitoring instruments 
now in use. They re five ounces, pocket- 
sized and relatively inexpensive. Yet 
they are unparalleled in electronic so- 
phistication. The CardioBeeper monitors 
are engineered to permit your coronary 
patient, within seconds, to telephonically 
transmit his heart rate and rhythm or 
ECG. And to allow your pacemaker 
patient to transmit pacemaker rate in- 
terval and artifact, as well as confirma- 
tion of battery integrity and ventricular 
capture. At any time. From any conven- 
tional telephone. If indicated, you are 
then able to institute immediate, often 
life-sustaining action. 


Pacemaker tracing telephoned with | 
CardioBeeper-PM. 
agai ttn E 
i o uis 
-" dA lA 
dius fiume ahann 
HIRE inem aE 
Normal ECG tracing telephoned with 
CardioBeeper. 
The Cardio Beeper system is simple 
to use. Your patient need not undress. 
Or be bothered with paste, gels or straps. 
He simply places a reusable electrode 
in each bare armpit. And to transmit, 


he merely holds the Cardio Beeper 


monitor next to the mouthpiece of the 
phone while touching a button. Physician 
and patient stay in constant voice 
contact while sending and receiving. 


You can immediately receive the 
telephoned data as a series of audible 
“beeps” indicating each QRS complex 
or pacemaker spike. To receive a per- 
manent record of ECG or pacemaker 
artifact, just connect a Cardio Beeper® 
ECG Decoder to your telephone and to 
any conventional ECG machine. Or 
instead, connect a CardioBeeper" 
Decodalyzer to your phone to obtain a 
visual readout of heart rate or pace- 
maker rate in BPM, interval count in 
msec. or a direct ECG tracing for your 
records. 

In life-threatening emergencies 

or routine checks, no remote cardiac 
monitoring instruments available today 
at any cost can rival the revolutionary 
CardioBeeper system. For further 
information, simply contact your Wyeth 
representative or Wyeth Laboratories, 
Box 8299, Philadelphia, Pa. 19101. 


Manufactured for Wyeth Laboratories 
by Survival Technology, Inc. 


CardioBeeper-PM 


pacer monitor 


CardioBeeper 


heart monitor 


Wyeth Laboratories 


Phila je 


a. Pa. 19101 


Survival Technology, Inc. 





HH -H-H-HH-HA-H-HH-LEBEBEEBLLLI 


tt t tte $4 

HH t 4 T t e errr 4A 

re ++ +++ I-II 4 
-=m rl I--- 


i-i ee a 


LH 
teo tbe 


Sane seen 
+ rH 


i 
tt FH tet bh tee e Bee e+ 


bed 


Standing, at rest, V-5, HR-74. 
American's Stress Test Electrode 
supplies immediate base line stability. 
Testing with a narrow, drift free base 
line can begin as soon as the self- 
adhering, silver/silver chloride elec- 
trodes have been applied to the patient 
and connections made to your 
monitoring equipment. 





4th Minute at 2 mph, 0% Grade, 
V-5, HR-75. Base line stability is 
maintained because of the electrode's 
gel retaining cup and gel impregnated 
foam pad; the gel pad is slightly 
oversize to assure positive, continuous 


pressure at the electrode-skin interface. 


The result: virtual elimination of base 
line instability and motion artifact. 





Ness satie ent’s ECG tadlleates 1 mm of $- 
.. depression.) Fully shielded cable - 353 
us and leadwire provide an effective — 
(c meer to the electrical. interferénég 
that might otherwise mask small 
. amounts of S-T depression. 
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Do your stress test ECGs 
show everythins you 





need to see? 
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1 Minute at 3 mph (12th minute 
test), 5% Grade, V-5, HR-117. 

T depression increases to 2.5 mm.) 
en at high work loads, the Ameri- 

n Stress Test Electrode and fully 
ielded cable system delivers a stable 
se line and noise-free signal. 


4th Minute at 3 mph (16th minute 
of test), 7.5% Grade, V-5, HR-135. 
(S-T depression drops to 2.0 mm.) 
Long test procedures seldom affect 
the electrode's contact with a patient's 
skin; trace quality remains high, even 
with patients who perspire heavily. 


(Because of this electrode's special gel 
formulation, application periods of longer 
than four hours are not recommended.) 


Wea 
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Compare the stress test electrocardiograms 
i you have been getting with those reproduced above." 
There’s a reason for the unusually high quality 

of the ECG traces shown: The patient was being 
monitored with American’s Stress Test 

Electrode and fully shielded cable system. 


If you've been diagnosing from stress test electro- 
cardiograms that display wide or unstable base lines, 
severe motion artifact or possible hidden S-T depression, 
please contact us. We think we can help. 


*Examples shown were produced under clinical conditions 
during an actual stress test procedure using the American 
Stress Test Electrode system. 


| ! ; | Ls Manufactured in U.S.A. by NDM Corporation, Dayton, Ohio 45439 


Available through 


AMERICAN HOSPITAL SUPPLY 


Division of American Hospital Supply Corp. + General Offices, 1450 Waukegan Road, McGaw Park, Illinois 60085 





AMERICAN 


HOSPITAL SUPPLY 
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Self adhering 
silver/silver chloride 
electrode is pregelled 
and disposable 

for maximum 
convenience. 














Pinch wire 
connector 
furnishes 
positive contact 
and visible 


i 
electrode connections. SS 
m 


Special gel formulation 
and oversized gel pad 
delivers immediate 
baseline stability 
and high signal 
strength. 


AA 
"ait 





Fully shielded 
cables with up 
to fifteen leads 
are available. 
Quick disconnect 
feature enables 
you to change 
one of the 
shielded lead wires 
in moments. 


We invite you to try the first 
electrode/leadwire/cable system 
designed to match the “no- 
compromise" nature of exercise 
stress testing. The fully shielded 
patient cable is adaptable to your 
present monitoring equipment, 
regardless of its make. 


Please contact your American 
Hospital Supply or NDM 
representative to arrange a no 
obligation clinical trial, including 
a total inservice for your staff. 
American will supply electrodes, 
fully shielded cables and fully 
shielded, quick disconnect 
leadwires adaptable to your 
present monitoring equipment 
during the trial period. 


For more information and 

a complimentary copy of our 
stress test technician's primer 
How to Take the Strain out of 
Stress Testing, write to: 

NDM, Department J, 3040 East 
River Road, Dayton, Ohio 45439. 


If psychic tension 
interferes with 
cardiac rehabilitation, 

heres how 





Valium can help. 


diazepam) 


During hospitalization, Valium (diazepam) 
can relieve psychic tension that can disrup 
bed rest and interfere with the rehabilita- 
tion program. 
AN After the MI patient is stabilized, a certain 
i. ! 457 ^ amount of psychic tension is to be expected. 
Your reassurance, counseling and enlistment of family support can often minimize its 
effects. However, in some instances, the patient's thoughts may dwell constantly on his 
condition and how it will affect his life, thus producing excessive psychic tension that may 
. present special problems. He may feel overwhelmed and be so burdened by these ten- 
sions that he is unable to rest and unable or unwilling to begin a program of rehabilitation. 
Under these circumstances, Valium? (diazepam) can often be a beneficial adjunct. 
Valium can calm the cardiac patient and help reduce his psychic tension to appropri- 
ate levels. Valium is used with most classes of primary medications such as cardiac glyco- 
sides, diuretics, vasodilators, anticoagulants, anticholinergics and antacids. Careful con- . 
sideration should be given to the pharmacology of agents used with Valium, particularly 
those which may potentiate its action. 


bt 
^ 





During convalescence at home, Valium 
‘diazepam) can reduce excessive anxiety that 
may hinder participation in active rehabilitation. 
Your counseling and the family’s support do 
much to control the anxieties that may interfere 
with this stage of convalescence — a time when 
you may wish to encourage a gradual increase in 
activity. But in some patients, excessive anxiety 
may retard general progress. For them, Valium 
can be beneficial during the post-hospital tran- 
sition to full ambulation. And, because the con- 
\alescent cardiac patient may be particularly prone to excessive tension and anxiety at 
bedtime, the addition of an h.s. dose of Valium to the b.1.d. or t.1.d. schedule can reduce 
these symptoms and thus may encourage sleep. Therapy with Valium should be discon- 
tinued when symptoms have been reduced to tolerable levels. 





What an informed cardiac patient should know about Valium therapy. 

The cardiac patient should know that he can generally expect Valium to help relax and 
calm him so that he won't feel so overwhelmed by his tension and anxiety. An explanation 
of the importance of the dosage regimen you prescribe may go a long way to ensure his 
cooperation. As with all CNS-acting agents, the patient taking Valium should be cau- 
tioned against driving or operating dangerous machinery. 


Val IU TT] diazepam 
2mg, 5-mg, Io-mg tablets 
can relieve the cardiac patient's 
undue psychic tension 


|: 


For a summary of product information, see the following page. 
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(diazepam) 


2-mg, 5-mg, 1o-mg tablets 


can relieve the cardiac patients 
undue psychic tension 


Prompt and Effective Response Valium acts promptly 


to help relieve psychic tension in the cardiac patient. 


Wide Margin of Safety At recommended dosages, oral 
Valium is generally well tolerated and does not significantly affect 
respiration, pulse or heart rate. 


Flexible Dosage Available as scored tablets, oral Valium 
allows dosage to be easily readjusted to suit patients’ changing needs. 


Predictable Pharmacokinetically Pharmacokinetic 
studies of Valium demonstrate a highly predictable pattern of absorp- 
tion, distribution, metabolism and excretion. 


Before prescribing, please consult com- 
plete product information, a summary of 
which follows: 


Indications: Tension and anxiety states; 
somatic complaints which are concomi- 
tants of emotional factors; psychoneurotic 
states manifested by tension, anxiety, ap- 
prehension, fatigue, depressive symptoms 
or agitation; symptomatic relief of acute 
agitation, tremor, delirium tremens and 
hallucinosis due to acute alcohol with- 
drawal; adjunctively in skeletal muscle 
spasm due to reflex spasm to local path- 
ology; spasticity caused by upper motor 
neuron disorders; athetosis; stiff-man 
syndrome; convulsive disorders (not for 
sole therapy). 


Contraindicated: Known hypersensitivity 
to the drug. Children under 6 months of 
age. Acute narrow angle glaucoma; may 
be used in patients with open angle glau- 
coma who are receiving appropriate 
therapy. 


Warnings: Not of value in psychotic pa- 
tients. Caution against hazardous occupa- 
tions requiring complete mental alertness. 
When used adjunctively in convulsive dis- 
orders, possibility of increase in frequency 
and/ or severity of grand mal seizures may 
require increased dosage of standard anti- 
convulsant medication; abrupt withdrawal 
may be associated with temporary increase 
in frequency and/ or severity of seizures. 


Advise against simultaneous ingestion of 
alcohol and other CNS depressants. With- 
drawal symptoms (similar to those with 
barbiturates and alcohol) have occurred 
following abrupt discontinuance (convul- 
sions, tremor, abdominal and muscle 
cramps, vomiting and sweating). Keep 
addiction-prone individuals under careful 
surveillance because of their predisposi- 
tion to habituation and dependence. In 
pregnancy, lactation or women of child- 
bearing age, weigh potential benefit against 
possible hazard. 

Precautions: |f combined with other psy- 
chotropics or anticonvulsants, consider 
carefully pharmacology of agents em- 
ployed; drugs such as phenothiazines, 
narcotics, barbiturates, MAO inhibitors and 
other antidepressants may potentiate its 
action. Usual precautions indicated in pa- 
tients severely depressed, or with latent 
depression, or with suicidal tendencies. 
Observe usual precautions in impaired 
renal or hepatic function. Limit dosage to 
smallest effective amount in elderly and 
debilitated to preclude ataxia or overse- 
dation. 


Side Effects: Drowsiness, confusion, diplo- 
pia, hypotension, changes in libido, nausea, 
fatigue, depression, dysarthria, jaundice, 
skin rash, ataxia, constipation, headache, 
incontinence, changes in salivation, slurred 
speech, tremor, vertigo, urinary retention, 
blurred vision. Paradoxical reactions such 


as acute hyperexcited states, anxiety, hal- 
lucinations, increased muscle spasticity, 
insomnia, rage, sleep disturbances, stimu- 
lation have been reported; should these 
occur, discontinue drug. Isolated reports 
of neutropenia, jaundice; periodic blood 
counts and liver function tests advisable 
during long-term therapy. 


Dosage: Individualize for maximum bene- 
ficial effect. Adults: Tension, anxiety and 
psychoneurotic states, 2 to 10 mg b.i.d. to 
q.i.d.; alcoholism, 10 mg t.i.d. or q.i.d. in 
first 24 hours, then 5 mg t.i.d. or q.i.d. as 
needed; adjunctively in skeletal muscle 
spasm, 2 to 10 mg t.i.d. or q.i.d.; adjunc- 
tively in convulsive disorders, 2 to 10 mg 
b.i.d. to q.i.d. Geriatric or debilitated pa- 
tients: 2 to 2V» mg, 1 or 2 times daily ini- 
tially, increasing as needed and tolerated. 
(See Precautions.) Children: 1 to 2⁄2 mg 
t.i.d. or q.i.d. initially, increasing as needed 
and tolerated (not for use under 6 months). 


Supplied: Valium* (diazepam) Tablets, 

2 mg, 5 mg and 10 mg— bottles of 100 
and 500; Tel-E-Dose® packages of 100, 
available in trays of 4 reverse-numbered 
boxes of 25, and in boxes containing 10 
strips of 10; Prescription Paks of 50, avail- 
able singly and in trays of 10. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley. New Jersey 07110 
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now available B complete selections 


from Laragh's 
HYPERTENSION 


MANUAL 
in paperback 


Edited by John H. Laragh, M.D. The original Manual is 
already a classic treatise for understanding, diagnosing 
and treating Hypertension—the most definitive work on 
the subject to date. 


SELECTIONS PRINTED AS FOLLOWS—FOR YOUR 
SPECIAL INTEREST 


1. HYPERTENSION/MECHANISMS—$12.50. 

500 pages—Contributors include—A.C. Guyton, L. 
Tobian, J.O. Davis, J.H. Laragh, J.E. Sealey, H.P. Dustan, 
J.N. Cohn, V. DeQuattro, H.R. Brunner, F.R. Buhler, J. 
Giese, A.R. Christlieb, L. Speroff, E.G. Biglieri, E.D. 
Vaughan, Jr., M.A. Schalekamp, J.C. Hunt and L. Baer. 


2. HYPERTENSION/METHODS—$7.50 

125 pages—Contributors include—D.R. Labarthe, K. 
Engelman, J.H. Laragh, J.E. Sealey, C.M. Hawkins, R.D. 
Remington, and F.R. Bühler. 


DRUG THERAPY AND DIET—$7.50 
110 pages—Contributors include—J.H. Laragh, E.D. 


J 3. HYPERTENSION/RENIN SYSTEM, 
3 Vaughan, |. Gavras, F.R. Buhler, H. Gavras, and L. Baer. 








ORDER ALL THREE FOR $25.00 (a $2.50 savings) 























in paperback complete selections 5 

J i 

from Laragh's HYPERTENSION MANUAL : 

Please send me [O Hypertension-Mechanisms for $12.50 : 

O Hypertension-Methods for $7.50 E 

i O Hypertension-Renin System, Drug Therapy & Diet for $7.50 P 

O All three for $25.00 d 

o Full Payment enclosed (save handling charges) O Bill me and add $1.00 for extra handling iM 
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riow to get less 
for your money in 
monitoring equipment.. 


GENERAL @ ELECTRIC 





Compact new GE bedside monitor 
features a high-persistence, easily- ~ 
read waveform on a 5-inch display. RR 


J TA 


1. Less signal drift. 


Accurate patient monitoring begins with signal 
capture, and only General Electric offers Daisy" 
electrodes, recognized by the industry for 

long-term monitoring effectiveness. Silver-silver 
chloride sensing element minimizes offset 
potentials and drift. 


2. Less noise. 


GE's sophisticated signal recognition circuitry 
and artifact rejection separate the signal 

from the noise, presenting meaningful ECG 
complexes and digitally displayed data necessary 
for patient management. 


3. Fewer false alarms. 


Because GE compensates for T waves, noise, and 
shifts in signal level, you're not plagued by false 
alarms. Should a lead fail, you're told just that, 
so you know it's not a patient problem. 


4. Fewer missed signals. 


Automatic gain control adjusts to the R waves as 

they decrease or increase in size, thus accurate 
heart rates are provided without constant 
adjustment. 
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5. Fewer controls. 


Many functions such as g 
detection, graph recordir 
overload recovery are aut 
Fewer adjustments. Easie 
minimum staff training. 


6. Less chance of 


Big, bright waveform disp 
glance across the room. / 
displays take the guessw 
parameter determination 


7. Less service de 


GE's monitoring service ! 
Nearby when needed. Se 
promptness and professi 
periodically updated in e 
techniques. 


8. Less capital inv 
GE's comprehensive lea: 
anticipate today's hospit 
requirements. No third p 
necessary. The plans off 
alternatives including at! 
programs with equipmer 


In monitoring equipment design flexibility...in financing/leasing c 
service and maintenance programs...GE is unmatched. We listen 
with you. And we respond. Look for the commitment behind the e: 


General Electric Medical Systems, Milwaukee, Toronto, Liege, 
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S a revoluuoriy, E: ' 
The New Revolutionary in its smallness 
(illustration is actual size). 
And revolutionary in the fact 
that bipolar and unipolar mode 
are now the same size. 
The XytRON™ pulse 
generator is evolutionary, too. 
It features the familiar quality, 
reliability and performance 
characteristics that today make 
Meatronic the pacemaker of 
choice throughout the world. 
With advantages like 
Energy Conservation and 
Energy Compensation. Plus th 
proven double-barrier 
power cell. 


XvrRON'". A small revolutii 

The next logical step forward 
" pacemaking. 

Meatronic maintains a 
worldwide network of offices 
and representatives to serve t 
medical profession. Check y 
local telephone directory. 
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Telephone: 212-489-4683 
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Peritrate SA Sustained Action 
(pentaerythritol tetranitrate) 80mg 

CAUTION: Federal law prohibits dispensing 
without prescription. 

Description: Each tablet of Peritrate SA 
Sustained Action contains: pentaerythritol 
tetranitrate 80 mg (20 mg in immediate 
release layer and 60 mg in sustained release 
base). Peritrate* (pentaerythritol tetrani- 
trate) isa nitric acid ester of a tetrahydric 
alcohol (pentaerythritol). 


indications: Based on a review of this drug 
by the National Academy of Sciences - 
National Research Council and/or other 
information, FDA has classified the indica- 
tions as follows: 

Possibly" effective: Peritrate (penta- 
erythritol tetranitrate), is indicated for the 
relief of angina pectoris (pain associated 
with coronary artery disease). It is not 
intended to abort the acute anginal 
episode but it is widely regarded as use- 
ful in the prophylactic treatment of angina 
pectoris. 

Final classification of the less-than- 
effective indications requires further 
investigation. 


Contraindications: Peritrate SA Sustained 
Action (pentaerythritol tetranitrate) 80 mg is 
contraindicated in patients who have a history 
of sensitivity to the drug. 

Warning: Data supporting the use of Peritrate 
(pentaerythritol tetranitrate) during the 

early days of the acute phase of myocardial 
infarction (the period during which clinical 
and laboratory findings are unstable) are 
insufficient to establish safety. 

This drugcan act as a physiological 
antagonist to norepinephrine, acetylcholine, 
histamine, and many other agents. 
Precautions: Should be used with caution in 
patients who have glaucoma. Tolerance to 
this drug, and cross-tolerance to other nitrites 
and nitrates may occur. 

Adverse Reactions: Side effects reported to 
date have been predominantly related to rash 
(which requires discontinuation of medication) 
and headache and gastrointestinal distress, 
which are usually mild and transient with con- 
tinuation of medication. In some cases severe 
persistent headaches may occur. 

In addition, the following adverse reactions 
to nitrates such as pentaerythritol tetranitrate 
have been reported in the literature: 

(a) Cutaneous vasodilatation with flushing. 

(b) Transient episodes of dizziness and 
weakness, as well as other signs of 
cerebral ischemia associated with 
postural hypotension, may occasionally 
develop. 

(c) An occasional individual exhibits markeq 
sensitivity to the hypotensive effects of 
nitrite and severe responses (nausea 
vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur, 
even with the usual therapeutic doses. 
Alcohol may enhance this effect. 

Dosage: Peritrate SA Sustained Action 
(pentaerythritol tetranitrate) 80 mg (b.i.d. on 
an empty stomach), | tablet immediately on 
arising and 1 tablet 12 hours later. Tablets 
should not be chewed. 

Supplied: Peritrate SA Sustained Action 
(pentaerythritol tetranitrate) 80 mg, double 
layer, biconvex, dark green/light green tablets 
in bottles of 100 (N 0047-0004-51) and 1000 

(N 0047-0004-60). Also in unit dose — package 
of 10 x 10 strips (N 0047-0004-11). 

Additional Dosage Forms: Peritrate 20 mg — 
light green, scored tablets in bottles of 100 

(N 0047-0001-51) and 1000 (N 0047-0001-60). 
Also in unit dose — package of 10 x 10 strips 

(N 0047-0001-11). Peritrate 10 mg —light green, 
unscored tablets in bottles of 100 (N 0047- 
0007-51) and 1000 (N 0047-0007-60). 

Full information is available on request. 


The Great Wall of China, an immense 
1,400-mile-long man made barrier 20 to 
30 feet high and 15 to 20feet thick, 
helped defend China from the attack of 


Mongol hordes for more than 2,000 years. 


*The drug has been evaluated'as possibly 
effective for this indication. 
See brief summary. 


For over 22 years, Peritrate" has been 
considered by many physicians as one 
of the top defensive measures for 
patients with angina pectoris. In many 
patients Peritrate used prophylactically 
helps decrease the frequency and sever- 
ity of angina attacks* With minimal 

side effects. 


Peritrate can also help reduce nitro- 
glycerin requirements and, therefore, 
nitroglycerin side effects. Is it any 
wonder so many physicians continue to 
prefer Peritrate prophylaxis for their 
angina patients? 


LONG-ACTING PROTECTION 
AGAINST ANGINA PAIN* 


Peritrate SA 


Sustained Action 
(pentaerythritol tetranitrate) 80mg 


Warner/ Chi Icott 


Div. Warner-Lambert Company 
Morris Plains; N.J. 07950 
PE-GP-51 





With the introduction of 
the new Sterile Disposable 
Domes, Bentley Trantec 
offers safety, convenience 
and economy, previously 
unavailable. This has been 
accomplished by designing 
an isolating polycarbonate 


Bentley Trantec Domes also 
allow immediate and con- 
tinuous use of the trans- 
ducer. With each patient, 
simply change domes-no 
further need for time con- 
suming cleaning, wrapping, 
sterilizing or storing. 


membrane into the dome 
itself. Only this membrane 
touches the transducer 
sensing surface, isolating 
the fluid in the dome from 
the non-sterile surface. It 
does not affect the sensitivity 
or fidelity of the transducer 
and the possibility of cross- 
contamination is completely 
eliminated. 


STERILE 


ISOLATING 
MEMBRANE 


ae as — 


Actual Size 





With the purchase of a 
Bentley Trantec Pressure 
lransducer and the coupor 
below, we'll give you a 
carton of six individually 
packaged domes. If you 
already have a Bentley 
Trantec Pressure Transduce 
we'll send you six domes 
free without an additional 
purchase. Fill out and senc 
today; this offer is limited. 


BENTLEY TRANTEC, INC. 


A SUBSIDIARY OF BENTLEY LABORATORIES, INC. 


w 


17502 Armstrong Avenue 
Irvine, California 92705 
(714) 556-4464 


Your added assurance of patient safety 
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Here's your opportunity to examine the new Bentley Trantec Sterile Disposable Domes - AT OUR EXPENSE 


[] Please send six (6) domes free of charge. 
The serial number of our Bentley Trantec 
Pressure Transducer is ; 


_] Please send six (6) domes free of charge. Our 
Purchase Order NO. — — - — 
amount of $420.00 for one Bentley Trantec 


in the 


Pressure Transducer is attached to this request. 


[] Please send additional literature and price 
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NOTE: OFFER LIMITED. ONE CARTON OF 
SIX DOMES TO A CUSTOMER 
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B OR R O WI N G Sir George Pickering V. DeQuattro J.E. Sealey 
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l YORKE MEDICAL BOOKS Ace | 


|666 Fifth Avenue, New York, New York 10019 | 
BETTER | 
OWN YOUR | Send me, postage paid, 


— Copies of Laragh’s Hyper- : 
OWN! 


tension Manual: Mechanisms, Methods and Management. 
| Price: $37.00* each. (Foreign, add $2.00 for postage and | 
| handling.) 


i © Full payment enclosed. O Please bill me. O Intern, Resident, Student i 
| (Special Price $35.00) ] 


LARAGH'S 


HYPERTENSION bos 
MANUAL |n — E 

b Edited by John Laragh, M.D.—A classic treatise ADDRESS 
! for understanding, diagnosing and treating i | 
Hypertension. Published in February, 1974, poe re 
it’s already a standard reference work. *Plus appropriate Sales Tax if in New York State i 
—970 pages, 150 illustrations— is emm ono am a ani mm duum oam MM anap aaa. uaap apum id inh NNNM 
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FLOW 
PROBES 


for clinical 
applications 


e Designed for clinical O.R. 
or cath lab use 


€ Easily applied handle- 
type probe 


€ Patient safety assured 
through isolation circuitry 


€ Simple to operate - 
minimum controls - direct 
meter readout in milliliters 
per minute 


for 
clinical 
applications 


€ Convenient, handle-ty pe 
probe with positive 
capture slide 


€ Designed for O.R. and 
cath lab use 


€ For rapid analysis of 
flow through exposed 
blood vessels 


€ Use with Biotronex 
clinical blood flowmeter 


for 


bypass 
applications 


€ Use with heart-lung 
machine, artificial kidney 
or similar systems 


€ iron core construction 
provides high sensitivity 
and accuracy 

€ Operates with BLI 


research and clinical 
blood flowmeters 


€ Available in sizes to fit 
most tubing 





. New books from Lea &Febiger 


fy 


» 
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. » » have you sent us the 
order for your copies? 


SURGICAL TREATMENT OF 
CONGENITAL HEART DISEASE, 
2nd ed. 


Cor triatriatum, scimitar syndrome, parachute 
mitral valve and other anomalies are detailed by 
history, clinical and laboratory diagnosis, surgi- 
Cal indications, operative technique, complica- 
tions and results. Emphasis is on operative pro- 
cedure with all variations thoroughly described. 


By GRADY L. HALLMAN, M.D. and DENTON 
A. COOLEY, M.D., both of The Texas Heart In- 
stitute, Houston, Texas. 204 pp. (8% x 11), nu- 
merous illus., 1975, Ready Soon. 


CARDIAC EMERGENCY CARE 


A complete summary discussing acute pulmo- 
nary edema, pulmonary embolism and infarc- 
tion, cardiogenic shock, pre-hospital manage- 
ment of acute myocardial infarction, coronary 
care unit, intermediate coronary care unit, 
tachyarrhythmias, bradyarrhythmias, direct cur- 
rent shock, and other important topics. 


Edited and with contributions by EDWARD K. 
CHUNG, M.D., Jefferson Medical College of 
Thomas Jefferson University, Philadelphia, 
Pennsylvania. (18 Contributors). 347 pp., 88 
illus., 1975, $14.50. 


PROGRESS IN CARDIOLOGY. 4 


Discussed here is the role of echocardiography 
in explaining heart sounds and murmurs, pro- 
lapse of the mitral leaflet syndrome, mecha- 
nism and recognition of digitalis toxicity, pediat- 
ric coronary artery disease, and prevention of 
heart cell death. 


Edited by PAUL N. YU, M.D., University of 
Rochester School of Medicine and Dentistry, 
Rochester, New York; and JOHN F. GOODWIN, 
M.D., Royal Postgraduate Medical School, Lon- 
don, England. (17 Contributors). 224 pp. (7 X 
10), illus., 1975, Ready Soon. 


CARDIAC CATHETERIZATION AND 
ANGIOGRAPHY 


This text begins with a clearly written and well 
illustrated section on catheter placement. Sub- 
sequent sections cover basic knowledge in 
areas of hemodynamic principles and angio- 
graphic techniques. 

Edited by WILLIAM GROSSMAN, M.D., Peter 
Bent Brigham Hospital, Boston, Massachusetts. 
(24 Contributors). 339 pp. (7 x 10), 152 illus., 
1974, $24.50. 


INDEX OF SUSPICION IN 

TREATABLE DISEASES 

This is a unique book providing a listing of disor- 
ders in which it is imperative to administer a 
particular form of early treatment. Brevity, 
practicality and unique form of presentation 
make this an excellent source of information. 
Edited and with contributions by ORVILLE HOR- 
WITZ, M.D. and JOSEPH H. MAGEE, M.D., 
both of the University of Pennsylvania School of 
Medicine, Philadelphia. (65 Contributors). 574 
pp. (7 X 10), 66 illus. (1 in color), 1975, 
$29.50. 


GUIDELINES FOR GRADED 
EXERCISE TESTING AND 
EXERCISE PRESCRIPTION 


Details safe and effective graded exercise test- 
ing, exercise prescription and exercise pro- 
grams for patients with cardiopulmonary dis- 
ease. Exercise risk, screening and supervision, 
drugs and emergency procedures, and intensity 
and duration of exercise are thoroughly cov- 
ered. 

Edited by the AMERICAN COLLEGE OF 
SPORTS MEDICINE, Madison, Wisconsin. Pre- 
pared by the Task Force of the Postgraduate 
Education Committee. 116 pp. (5/4 x 7%), pa- 
perback, 1975, $4.00. 


A PRIMER OF WATER, 

ELECTROLYTE AND ACID-BASE 
SYNDROMES, 5th ed. 

In this extensively revised new edition, Dr. Gold- 
berger maintains the clinical approach to these 
disorders and describes them in terms of pa- 
thophysiology, etiology, symptoms, signs, labo- 
ratory findings, and diagnosis and treatment. 
By EMANUEL GOLDBERGER, M.D., Albert Ein- 
stein College of Medicine, New York, New 
York. 604 pp. (5% x 7%), illus., 1975, Ready 
Soon. 


Lea & 
Febiger 


WASHINGTON SQUARE 
PHILADELPHIA, PA. 19106 





KAOCHLOR 


(potassium chloride) 


10% Liquid 


Also available 
20% Liquid 


Effervescent 
Tablets 


WARREN-TEED 


PHARMACEUTICALS INCORPORATED 
SUBSIDIARY OF ROMM AND HAAS COMPANY 
COLUMBUS, OHIO 43215 





A new, easy-to-operate exercise electrocardiography system designed 
to stress the patient without straining the physician or the budget. 


Cambridge STS is an integrated, easy-to-use system intended for 

hospital, health care, and athletic facilities, as well as for the prac- 

titioner with a limited budget. STS reliably produces exercise test 

results of excellent quality. /t is designed to function superbly as a 

multistage exercise test system in office or hospital, as a standard, 

mobile electrocardiograph, or as a rate meter/monitor in the ER, 

ICU, or CCU. 

EB Strip chart recorder, ECG monitor, heart rate meter, and Op- 
tional treadmill meters and controls all located in single mobile 
console where entire test protocol is controlled, monitored, 
and recorded. 

EB Digital heart rate meter and non-fade ECG monitor for easy 
daylight viewing. 

mm Optional recorder-programmer helps automate graded testing. 

EHE Patient cable and electrodes specially designed for dynamic 
ECGs, 

EB \/S-4S electrocardiograph meets all AHA specs. 

Em Existing VS-4 electrocardiographs easily retrofitted for inex- 

pensive upgrading for exercise and rest electrocardiography. 


Cambridge Instrument Company, Inc., Dept. AJC 
P 73 Spring Street, Ossining, New York 10562. (914)941-8100 É 
B © Please call me to arrange for a demonstration. 
1 ©) Please send more information. 3 
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Cambridge first in electrocardiography 
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"First dose" natriuretic effect of concomitant ‘Dyrenium’ 

(SO or 100 mg.) and furosemide (40 mg.) was up to four 
times as great as that of furosemide (40 mg.) alone, compared 
to baseline values, in 10 normal volunteers. ! 'Dyrenium' 

(50 or 100 mg.) blocked the kaliuretic effect of furosemide in 
7 subjects. Patients with fluid overload and abnormal 
physiology may respond differently from volunteers; therapy 
should be titrated to the individual. 


l; Stote, et al.: Effect of Triamterene on Furosemide Induced Kaliuresis 
in Normal Volunteers, J. Int. Med. Res. 2:379-83, 1974. 


Hyperkalemia can occur with any K*-sparing agent, but it 

is rare if urinary output is adequate. Serum K+ and BUN 
should be checked periodically; elderly, diabetics, or patient: 
with suspected or confirmed renal insufficiency should be 
observed closely. When 'Dyrenium' is given with furosemide, 
K* supplements should be discontinued, and not given 
unless hypokalemia develops or dietary potassium intake 

is markedly impaired. 


See facing page for indications and brief summary of 
prescribing information. 





brand of triamferene 
Potassium-sparing 
adjunct to furosemide 
in cardiac edema. 


Now in 50 mg. and 100 mg. capsules. 


Before prescribing, see complete prescribing information in 
SK&F literature or PDR. The following is a brief summary. 


Indications: Edema associated with congestive heart 
failure, cirrhosis and nephrotic syndrome; steroid- 
induced edema, idiopathic edema, edema due to 
secondary hyperaldosteronism and edema resistant to 
other diuretic therapy. 


N Contraindications: Severe or progressive kidney disease 
or dysfunction (possible exception: nephrosis). Severe 
hepatic disease. Pre-existing elevated serum potassium. 
Hypersensitivity to the drug. Continued use in developing 
hyperkalemia. Do not give potassium supplements, either 
by drug or by diet. 

Warnings: Observe regularly for possible blood dys- 
crasias, liver damage or other idiosyncratic reactions. Blood 
dyscrasias have been reported. Check BUN and serum 
potassium periodically, especially in the elderly, diabetics, 
and those with suspected or confirmed renal insufficiency. 
Use in pregnancy only when essential to patient welfare 


Dyrenium (triamterene, SK &F) and spironolactone are not 
usually used concurrently; if they are, however, frequent 
serum potassium determinations are required. 


Precautions: If hyperkalemia develops, withdraw the drug. 
The following may also occur: electrolyte imbalance, low-salt 
syndrome (with low salt intake), reversible mild nitrogen 
retention, decreasing alkali reserve with possible metabolic 
acidosis. Do periodic hematologic studies in cirrhotics with 
splenomegaly. Concomitant use with antihypertensive 
drugs may result in an additive hypotensive effect. When 
"Dyrenium is to be discontinued after intensive or prolonged 
therapy, withdraw gradually because of possible rebound 
kaliuresis. 


Adverse Reactions: Diarrhea, nausea and vomiting (may 
indicate electrolyte imbalance), other gastrointestinal dis- 
turbances, weakness, headache, dry mouth, anaphylaxis, 
photosensitivity, elevated uric acid, rash. 

Note: When combined with another diuretic, the initial 
dosage of each agent should be lower than recommended. 


Supplied: 50 mg. capsules, in bottles of 100; 100 mg. 
capsules in bottles of 100, in Single Unit Packages of 
100 (intended for institutional use only). 


SK&F Co., Carolina, P.R. 00630 


Subsidiary of SmithKline Corporation 


Dvrenium 


For your medical library . . . 


Symposiums reprinted from 


THE AMERICAN JOURNAL OF CARDIOLOGY 


Symposium on: 


Electrophysiologic Correlates of Clinical 
Arrhythmias (1972) 
Guest Editor: Charles Fisch, M.D. 


Pre-Hospital Phase of Acute Myocardial 
infarction (1969) 


Guest Editors: Sidney Goldstein, M.D. 
Arthur J. Moss, M.D. 


Human Heart Transplantation (1968) 


Guest Editors: Adrian Kantrowitz, M.D. 
Jordan D. Haller, M.D. 


Cardiac Tumors (1968) 
Guest Editor: John F. Goodwin, M.D. 


Coronary Care Units (1967) 


Guest Editors: Bernard Lown, M.D. 
John P. Shitlingford, M.D. 


Diagnostic Ultrasound (1967) 
Guest Editor: Bernard L. Segal, M.D. 


Please tear off and mail. 


AJC-8 

THE AMERICAN JOURNAL OF CARDIOLOGY . 

P. O. Box 1172 
| Radio City Station 
i New York, N.Y. 10019 
| Send me the following symposium reprints: 
| O Electrophysiologic Correlates of 

Clinical Arrhythmias ........... $8.00 

i O Pre-Hospital Phase of Acute 
| Myocardial Infarction........... $6.00 
C) Human Heart Transplantation .... $6.00 
| FT Oafdiac Tumots. x ds Soe $6.00 

O Coronary Care Units ........... $6.00 
| O Diagnostic Ultrasound.......... $6.00 
| Enclosed is my check for $ 
| Name 
| Address 
| City State Zip 
| (Please add appropriate sales tax if in New York State and 

New York City) 
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New Xylocaine (lidocaine) HCI 
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When an appropriate dose of Xylocaine is administered by 
the intramuscular (deltoid) route, effective antiarrhythmic 
blood levels are usually attained within 5-15 minutes and 
may persist for 60-90 minutes. Xylocaine Intramuscular is 
specifically indicated in the acute management of life- 
threatening ventricular arrhythmias when justified: 


* by a physician when ECG equipment is not available to 
verify diagnosis, but potential benefits may outweigh 
possible risks 


* by aphysician when IV facilities are not available 


* by paramedical personnel in a mobile coronary care unit 
directed by a physician viewing a transmitted ECG 





Intramuscular injection for cardiac arrhythmias 












FATHA 

EELEE 
Meet 
Be 

= “Gaeueun’. IDE i 
IN LRL = 
TOIT LI ed ! YF. 
209 EZ T a d 0 HHH H | P4 
Coa & 
AILELE TECH E 
Unie Soe IT 2 
z CANAM Sas EN ET 
#998 8 SRR at 
HILLITILITIL D 


"ny 


Before prescribing or administering, please 
consult complete product information, a 
summary of which follows: 
Contraindications: Patients with known 
hypersensitivity to local anesthetics of the 
amide type, and patients with Adams-Stokes 
syndrome or severe degrees of sinoatrial, 
atrioventricular or intraventricular block. 
Warnings: ASPIRATE FREQUENTLY TO 
AVOID INADVERTENT INTRAVAS- 
CULAR ADMINISTRATION. 
ECG monitoring is recommended. However, 
in emergency situations when a physician 
suspects ventricular arrhythmia and ECG 
equipment is not available, a single dose 
may be administered when the physician 
determines potential benefits outweigh possi- 
ble risks. If possible, have emergency resus- 
citative drugs and equipment immediately 
available to manage potential adverse re- 


€ 1975 ASTRA 


Usual dosage: For the average 150 Ib man, 3 ml (300 mg) 
injected in deltoid muscle. See complete instructions in 


LE d Dp E TRANS 


package insert. 
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actions involving cardiovascular, respiratory, 
or central nervous systems. 

Intramuscular use of Xylocaine* may result 
in increased creatine phosphokinase levels 
and compromise the use of this enzyme deter- 
mination, without isoenzyme separation, in 
diagnosing acute myocardial infarction. 
Pediatric use is not recommended. 
Precautions: Observe usual precautions in 
the presence of impaired renal or hepatic 
function, hypovolemia and shock, and all 
forms of heart block. 

Adverse Reactions: Although serious 
adverse reactions to Intramuscular Xylocaine 
have been rare, the following previously 
have been reported following lidocaine 
administration: 





ANTRA 


Issued June 1975 
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1. Central Nervous System—lightheadedness; 
drowsiness; dizziness; apprehension; eupho- 
ria; tinnitus; blurred or double vision; vomit- 
ing; sensations of heat, cold, or numbness; 
twitching; convulsions; unconsciousness; 
respiratory depression and arrest. 

2. Cardiovascular System—hypotension; 
cardiovascular collapse; bradycardia which 
may lead to cardiac arrest. 
Cross-sensitivity with procainamide or quini- 
dine has not been reported. 

Soreness at injection site, occasionally. 
Supplied in 5 ml ampules, in cartons of 10, 
Each ml contains 100 mg of Xylocaine HCI 
and sodium hydroxide to adjust pH. A 3 ml 
injection provides the recommended dose. 
FOR INTRAMUSCULAR USE ONLY. 


Astra Pharmaceutical Products, Inc. 
\Vorcester, Massachusetts 01606 


75-0155 





The Third 
Step in 
Angina. 


After the classic 
“2-Step” Test aids 
in a diagnosis of 
angina, sustained- 
release Nitro-Bid* 
(nitroglycerin) is a 
logical third step. 
Here's why. 

In angina secondary to 


arteriosclerotic heart 
disease, sustained-release 











Another patient benefit product from 






Nitro-Bid" (nitroglycerin) 
therapy assists in the 
"total management" 

of your patient. 


Nitro-Bid capsules reduce 
sublingual nitroglycerin 


requirements as they reduce 


the number of angina 


attacks...increase exercise 


tolerance. 


Sustained-release 
Nitro-Bid Plateau CAPS" 
provide a 

metered sequence of 
medication during the 
night to protect against 
nocturnal angina attack. 


In titrating dosage, 
availability of 
different strengths 
“<. ÎS quite an 
asset..." 


Nitro-Bid 2.5 and 

Nitro-Bid 6.5 capsules 
afford two dosage 
strengths for convenience 
in increasing or decreasing 
dose to accommodate 
patient symptoms. 


IVI 





















NITRO-BID 2.5 


(nitroglycerin 2.5 mg) 
Plateau CAPS* 


NITRO-BID 6.5 


(nitroglycerin 6.5 mg) 
Plateau CAPS* 


INDICATIONS 


Based on a review of this drug by 
the National Academy of Sciences— 
National Research Council and/or 
other information, FDA has classified 
the indications as follows: 


* "Possibly" effective: 
For the management, prophylaxis 
or treatment of anginal attacks. 
Final classification of the less-than- 
effective indications requires further 
investigation. 





Contraindications: Recent myocardial 
infarction, severe anemia, glaucoma, 
increased intracranial pressure, 
idiosyncrasy. 

Precautions: For ORAL, not sublingual, 
use. If blurring of vision or dryness of 
mouth occurs, discontinue drug. 
Tolerance may develop on long-term 
usage. 

Adverse Reactions: Occasional tran- 
sient headaches. Overdose may cause 
flushing, headaches, tachycardia, 
dizziness. 

Dosage: One capsule two or three 
times daily at 8 to 12 hour intervals. 
Reference: 1. Master, AM: The 
management of angina pectoris. Modern 
Medicine 38:92-100 (Feb 23) 1970. 


PHARMACEUTICAL DIVISION 


MARION 


LABORATORIES. INC 
N AS { T^ MISS n 564137 
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AMERICAN COLLEGE OF CARDIOLOGY EXTENDED LEARNING 


NOW YOU CAN PARTICIPATE IN A MONTHLY AUDIOTAPE — 
PROGRAM EXCLUSIVE TO THE FIELD OF CARDIOLOGY 


This multimedia (tapes, slides, printed booklet) audio tape program includes 60 minutes of clinically 

oriented information on the art of diagnosis and treatment of cardiovascular disease to its subscribers | 
each month. The audio cassette tapes include recorded panel discussions interviews with noted 
- authorities and self-assessment quizzes. |n addition, 35 mm slides and a monthly personal continuing — 

education notebook are supplied as a part of this professional service. 
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Join the more than 4,500 subscribers who are listening each month. ACCEL™ TABLE OF CONTENTS * 























Vol. 7, No. 7 July 1975 
Voice for ACCEL7^ — E. Grey Dimond, M.D. 
Side 1 


Scanning the Literature 
E. Grey Dimond, M.D. 
Book Reviews 
E. Grey Dimond, M.D. 
Sudden Death in Coronary Disease with Special Com- 
ments on the Basic Pathological Changes 
Robert S. Eliot, M.D. and Robert W. Oblath, M.D. 
Environmental Factors Involved in Heart Disease 
Richard J. Bing, M.D. and James H. Getzen, M.D. 


Side 2 

Environmental Factors Involved in Heart Disease 
(Continued from Side 1) 

Surgical Treatment of the Complications of Myocardial 

Infarction | 
md C. Sabiston, Jr., M.D. and Robert W. Oblath, 


> p- 


zm , ae 
227. E Sal ————— 
AN E. Grey Dimond, M.D. James E. Crockett, M.D. 
8 Editor-in-Cbief Associate Editor 
James H. Getzen, M.D. B. L. Martz, M.D. 
Associate Editor Assoctate Editor 


R. Joe Noble, M.D. 
Associate Editor 
Editors-at-Large 
Arthur D. Hagan, M.D. Murray S. Hoffman, M.D. 


Robert W. Oblath, M.D. Herbert D. Ruttenberg, M.D. 
Don R. Santschi, M.D. 


(B 1975 American College of Cardiology 





——— Available directly from the AMERICAN COLLEGE OF CARDIOLOGY —— mA aa Aaa 


Please enter my one year (12 issues) subscription to ACCEL'" 











| enclose $ for the plan checked below: Name 
(Please print) 

PLAN A 
CASSETTE TAPES WITH Subscription Address 
GENERAL ELECTRIC PLAYER/RECORDER | No. Street 

[] ACC member, $120 

[] Non-member, $130 : 

(U.S. Funds) ES State Zip Code 

PLAN B 
CASSETTE TAPES ONLY Lm RAE se 

[] ACC member, $70 Check made payable to the American College of Cardiology should. 

[] Non-member, $80 accompany this application and be forwarded to: ACCEL'", American 


College of Cardiology, 9650 Rockville Pike, Bethesda, Maryland 20014. 
(U.S. Funds) Payment in full must accompany all subscription orders. 


NOW-ACCURATE 
AND COMPLETE 
CARDIAC MONITORING 
DURING EXERCISE! 


The Collins HEART RATE MONITOR 
SYSTEM is ideal for patient monitoring 
during exercise on Treadmills or Ergom- 
eters. It is a Modular System which 
offers any combination of available 
components. One large, modern console 
houses all of the components and pro- 
vides panel mounted jacks for all 
patient pickup leads. Hand held remote 
Treadmill controls allow for operator 
mobility during testing. The Collins 
Heart Rate Monitor System can be 
comprised of any or all of these 
Modules: 


EKG MODULE 

LVET (Left Ventrical Ejection Time) 
MONITOR MODULE 

RECORDER MODULE 

TREADMILL/ERGOMETER CONTROL 


MODULE T 


Designed for use with either Collins 
Treadmills or Ergometer, the Heart 
Rate Monitor System is a giant step 
toward providing investigators with 
the necessary sophisticated tools they 
require. Write for a complete detailed 
brochure to Warren E. Collins, Inc.,220 
Wood Road, Braintree, Mass. 02184. 
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Uniqge long-acting 
nitrate formulation. 
proved in years of 
practice 












ition: Nitroglycerin 2% in lanolin-petrolatum base. Administration: From-1/2 

s applied to desired skin area by means of Appliruler supplied. Adjust to 

eed, starting in lower range. Side effects: Headache indicates overdose. 

"Standing may be the result of postural hypotension. Contraindications: 
A jnemia, increased intraocular pressure or increased intracranial pressure. 
ügollad: 1.52808 


prescription... 


"Because of the ineffectiveness of the 
conventional measures, it was suggested that a 
296 nitroglycerin ointment [Nitrol] be applied to 
the skin....It is the authors impression that there 
has been definite benefit from this therapy, when REUS. | 
used together with all other measures for the 1958-2 Reicheko Aaa Aiid. D.R. ond Epstein, S. E Crculafion 
treatment of angina pectoris....The principle of i 
slower absorption with resulting prolonged action 3 bos 
of an effective coronary vasodilator would seem to EURA o — 
deserve further trial in this condition.” Kremers-UrbenConwae: 13. 1 et 
H P.O. Box 2038, Milwaukee, Wisconsin 53201 
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“nH in oi i ibi Please send me literature and a trade package 
nitroglycerin ointment [Nitrol] exhibited of NITROL* (Nitroglycerin Ointment 2%) for 


| 
| 
| 

a consistently prolonged beneficial influence that, | Pinichl velas Ron. 
in practice, has never been demonstrated for any | 
other nitrate used in the therapy of angina.'? | 
| 
| 
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MAIN REFERENCE SECTION includes 


The new information on over 3,000 prescription 
drugs 
a. 

1975-1976 vee 

More vital points than any other manual 


b. 
MDE 13 A to Z Generic filing for one stop trade 
comparisons—plus special chapters on 


pharmacologically similar drugs 





never before has c. 
2 Visually designed for comfortable, fast 
a single volume reading; lies flat for convenient use; rug- 
gedly bound to withstand daily referral 
drug manual d, 
All material independently compiled with 
provided SO much your needs in mind 
VALUABLE SPECIAL FEATURES 
a 


Unique glossary of trademarked names 
used by manufacturers to describe vari- 
ous dosage forms 


b. 
opecial blood level toxicity table 


C. 
General review of Controlied Substances 
Act of 1973 


d. 
Narcotic and Dangerous Drug Ratings 


THREE A to Z INDEXES 
FOR EASY CROSS REFERENCE 


a. 
Therapeutic Index tells which drugs are 
used for which purposes 


b. 
General Index provides all brand and ge- 
neric names 


C. 
Manufacturers' Index provides names 
and addresses of drug producers along 
with brand names. 


MODERN DRUG 
ENCYCLOPEDIA 





100 's of brand new drugs included 








— MDE/f3 aa update EN 
MODERN oe eeps your 
n up-to-date 





SUPPLEMENT y 
O ENC 
ITE 






| Periodic Updating Supplements are pro- 
MDE 13 vided free of charge 
| a. 
Because MDE is a full time 
professional reference ser- 
vice all information is kept 
current. 


b. 
All update information is pro- 
vided in the same format as 


MODERN DRUG N the basic manual. 
ENCYCLOPEDIA woe : 


Supplements report fully on 
. new drugs 
.. new dosage forms 
.Significant changes in 
knowledge about existing 
drugs 


These are sent regularly . . . without addi- 
tional charge for the full two years. 


~ The drug reference source for today’s 
à drug reference needs... ORDER NOW! 


—sm m — ——— ———on—]— an] n 
The Yorke Medical Group sss riety avenue, new york, wv. 10019 | 














Please send copies of MDE/13, the new 1975-76 edi- O ing da Ars Ace NIA PA 
tion of. MODERN DRUG ENCYCLOPEDIA, and put us on L-] Payment enclosed, $33.00; Ship postpaid. 
the list for free UPDATING SUPPLEMENTS for two years. Foreign $40.00 U.S. Funds 

NAME: 

ADDRESS: 

CITY: STATE: ZIP: 

SIGNATURE: 

*In New York State, please add appropriate sales tax. AJC-8 
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STOP IN TUCSON NOVEMBER 14-16 BEFORE THE ANAHEIM A.H.A. MEETING 


UNIVERSITY OF ARIZONA SCHOOL OF MEDICINE 
DEPARTMENT OF PEDIATRICS 
TUCSON, ARIZONA 


PRESENTS 


PEDIATRIC AND 
ADOLESCENT ECHOCARDIOGRAPHY 


FACULTY: 
UNIVERSITY OF ARIZONA: Stanley J. Goldberg, M.D.; Hugh D. Allen, M.D.: 
David J. Sahn, M.D. 
GUEST FACULTY: Walter L. Henry, M.D.; James M. Griffith, M.S.E.E.; 
Robert Solinger, M.D. 


This course is designed to teach practical and didactic principles of echocardiography as 
applied to children and infants with congenital heart disease. Single crystal and cross-sectional 
echocardiographic techniques and their interrelationships will be stressed. The 2-1/2 day course 
will consist of formal lectures as well as nine hours of practical experience with single crystal, 
multiple crystal cross-sectional, and sector-scanning cross-sectional echocardiographic in- 
struments. 


For Details Write: Pediatric Echo Course, Pediatric Cardiology, 
Department of Pediatrics, University of Arizona Medical School, 
Tucson, Arizona 85724 





CW / Ambulatory 








sponding decoder for quick direct decoding on a permanent 
paper transcript which can be evaluated by the physician for 
indications of varying systolic and diastolic pressures and heart 
rate. The decoder's headphones aid in interpretation of Korotkoff 
sounds in the area of diastolic pressures. 

The Remler system is especially useful in determining the effi- 
cacy of medication in the treatment of hypertension. 

Please return the coupon for complete information. 


Center Company 





LEve-89r (Sly) * 


lo zr z go 
no a 38 
Dm o 8.99 d P R d 
BT i4 Blood Pressure Recorder. 
| 5 | Nas2 Smaller, lighter compact one-piece unit weighs 25 ounces. 
| S3 9. The Remler patented Ambulatory Blood Pressure Recorder 
| JE Seni ar has been in use for more than ten years by leading physicians and 
a9 ža research institutions throughout the world. 
| Eg? Now, by miniaturizing circuits and components, we have pro- 
| | BQ os "S duced a smaller and easier to wear single-unit version that weighs 
| ebd only 25 ounces. 
w? so 
| o = CB wearer's working or leisure day. Wearing this unobtrusive, light- 
| s Ae: weight device on a belt, any patient can easily record blood 
US ov pressure data onto the micro-cassette as many as fifty times 
| T F a daily. This method eliminates the pressor effect of an observer's 
cry 8 presence. 
| og S The compact recording unit plugs into the physician's corre- 
| 2^-5 
O > 
O 
| d. 
| S 


| 
| 
| 
| 
| 
| 
| 
This new Model M-2000 records blood pressures during the 
| 
| 
| 
| 
| 
| 
| 
| 





Cardio-Dynamics 





of Holter Electrocardiography extends the reach of your 
practice by providing you with sophisticated equipment, 
an expert staff and a complete ECG report that frees you 
to devote your time to diagnosis and treatment . . . 


Equipment that is reliable and 
provides uninterrupted 
ambulatory, office-quality 
ECGs for up to 24 hours. 


A team of professionals behind 
you devoted exclusively to the 
processing of Holter recordings 


with attention to accuracy and 
detail that is rarely equalled 
in office or hospital. 


The recording is summarized in a 
report that provides a complete, 
standardized and documented 
digest of your patient’ s ECG. 





AIl of this is the promise of Holter recording. 


Cardio-Dynamics Laboratories Inc. 
9454 Wilshire Boulevard 
Beverly Hills, California 90212 





Sales Agents 


Searle Laboratories 
SEARLE Division of G. D. Searle & Co., Chicago, !Ilinois 60680 


val alter year, Cardiologists To achieve and maintain such If you would like to know 
throughout the world Specify the clear-cut leadership, SK| provides more about the Ekoline 20, call 
Ekoline 20° more often than all Superior instrumentation and or write Smith Kline | nstruments, 
other ultrasonoscopes combined. unsurpassed product support, Inc., Dept. U, 880 W Maude Ave.. 
j Andin 9 out of 10 published including a clinically trained sales Sunnyvale, Ca 94086. 
echocardiographic studies,the staff. a top technical staff, and SK | (408) 732-6000. 
Ekoline 20 is the instru ment used. worldwide service centers. 


A Subsidiary of SmithKline Corporatio 


-Number One 
for ten straight years. 
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Wholesome and unadorned young beauty 
impresses the eye with its natural distinction. 
Among medicinals, such natural distinction will 
be found in SENOKOT Tablets/Granules. 


standardized senna concentrate has 
two claims to natural distinction. In SENOKOT 
Tablets/Granules, it is standardized for uni- 
form action. And it is prepared from the de- 
seeded pod of Cassia acutifolia, discarding 
the leaves that contain coarse resins. 


Virtually colon-specific, SENOKOT 
Tablets/Granules provide gentle, predict- 
able overnight laxation...usually without 
side effects at recommended dosage 
levels. As regular elimination is established, 
dosage can be reduced gradually and 
eventually discontinued. 


Purdue Frederick 





(standardized senna concentrate) | 


Tabl ets/ Granules ` 
a natural vegetable laxative 


©COPYRIGHT 1975,-THE PURDUE FREDERICK COMPANY /NORWALK, CONN. 06856 S 
A7987 164875 
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Review of Tricuspid Atresia 


Symposium on Reperfusion During Acute Myocardial Infarction—Part II 
Eliot Corday, MD, FACC and Samuel Meerbaum, PhD, FACC, Guest Editors 


Call for Abstracts: ACC 25th Annual Scientific Session 
New Orleans, Louisiana, February 23-26, 1976 


Contents on Page A11 
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a basic 
therapeutic 
approach to 
hypertension 


initial 
medication 
that is often 
effective when 
used alone 


suitable 
when used 
with other 
agents 


HydroDIURIL. 


often an 
excellent 
choice 


- TABLETS, 25 mg and 50 mg 


Hy droDIURI 


oon 





MSD) 


The importance of early diagnosis in hyper- 
tension, so that appropriate treatment can be 
initiated promptly, has been well established. 


Authorities in cardiovascular medicine have 
come more and more to favor the thiazides 

as initial drug therapy in early essential 
hypertension—for several important reasons. 


The thiazides are well-established baseline 
therapy. Their effectiveness in lowering blood 
pressure has been thoroughly documented, 
and this effectiveness fits the needs of most 
patients with mild hypertension. Many 
hypertensives can be maintained for years 

on thiazide therapy. 


Equally important is the usefulness of the 
thiazides in combination with other antihyper- . 
tensive agents, when they are indicated. This 
retentionofthethiazide inthe regimen provides 
a useful baseline upon which the physician may 
build a therapeutic program. Since thiazides 
may add to or potentiate the action of other 
antihypertensive drugs, careful observation 

for changes in blood pressure must be made. 


HydroDIURIL is highly effective antihyper- 
tensive therapy, initially and over the long term— 
the results it has helped achieve over 

many years with many patients make it 


hi Anahit t Msp) especially worth your consideration in the 


early treatment of hypertension. 


Contraindications include anuria and hyper- 
sensitivity to hydrochlorothiazide or other 
sulfonamide-derived drugs. Use with caution in 
patients with severe renal disease, impaired 
hepatic function, or progressive liver disease. 





Fora brief summary of prescribing information, Mt RC d i 
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. . Once you have found him... ; 





HydroDIURIL 
(HYDROCHLOROTHIAZIDE | MSD) 
in the management of hypertension 


Contraindications: Anuria; hypersensitivity to this or other sulfonamide-derived drugs; 
routine use in an otherwise healthy pregnant woman with or without mild edema. 


Warnings: Use with caution in severe renal disease since thiazides may precipitate 
azotemia. Cumulative effects may develop in patients with impaired renal function. 
Use with caution in patients with impaired hepatic function or progressive liver 
disease, since minor alterations of fluid and electrolyte balance may precipitate 
hepatic coma. May add to or potentiate action of other antihypertensive drugs; po- 
tentiation occurs with ganglionic or peripheral adrenergic blocking drugs. Sensitivity 
reactions may occur in patients with or without a history of allergy or bronchial 
asthma. Possibility of exacerbation or activation of systemic lupus erythematosus 
has been reported. 

Use in pregnancy: Thiazides cross placental barrier and appear in cord blood; in preg- 
nancy or in women of childbearing potential, weigh anticipated benefit against pos- 
sible hazards, including fetal or neonatal jaundice, thrombocytopenia, and possibly 
other adverse reactions that have occurred in adults. 

Nursing mothers: Thiazides appear in breast milk; if use of drug is deemed essential, 


~ . patient should stop nursing. 


Precautions: Perform periodic determination of serum electrolytes to detect possible 
electrolyte imbalance. Observe all patients for clinical signs of fluid or electrolyte 
imbalance, namely, hyponatremia, hypochloremic alkalosis, and hypokalemia. Serum 
and urine electrolyte determinations are particularly important when patient is vomit- 
ing excessively or receiving parenteral fluids. Medication such as digitalis may also 
influence serum electrolytes. Warning signs, irrespective of cause, are dryness of 
mouth, thirst, weakness, lethargy, drowsiness, restlessness, muscle pains or cramps, 
muscular fatigue, hypotension, oliguria,- tachycardia, and gastrointestinal distur - 
bances such as nausea and vomiting. Hypokalemia may develop, especially with brisk 
diuresis, in severe cirrhosis, with concomitant corticosteroid or ACTH therapy, or 
with inadequate oral electrolyte intake. Hypokalemia can sensitize or exaggerate 
response of heart to toxic effects of digitalis (e.g., increased ventricular irritability). 
Hypokalemia may be avoided or treated by use of potassium supplements, such as 
foods with a high potassium content. Any chloride deficit is generally mild and usually 
does not require specific treatment except under extraordinary circumstances (as in 
liver disease or renal disease). Dilutional hyponatremia may occur in edematous pa- 
tients in hot weather; appropriate therapy is water restriction, rather than adminis- 
tration of salt except in rare instances when the hyponatremia is life threatening. In 
actual salt depletion, appropriate replacement is the therapy of choice. 


Hyperuricemia may occur or frank gout may be precipitated in certain patients. In- 
sulin requirements in diabetic patients may be increased, decreased, or unchanged; 
latent diabetes mellitus may become manifest. Thiazides may increase responsive- 
- ness to tubocurarine. Antihypertensive effects of the drug may be enhanced in post- 
sympathectomy patients. May decrease arterial responsiveness to norepinephrine; 
this diminution is not sufficient to preclude effectiveness of the pressor agent for 
therapeutic use. If progressive renal impairment becomes evident, consider with- 
holding or discontinuing diuretic therapy. Thiazides may decrease serum PBI levels 
without signs of thyroid disturbance. Calcium excretion is decreased by thiazides. 
Pathological changes in the parathyroid gland with hypercalcemia and hypophos- 
phatemia have been observed in a few patients on prolonged therapy; thiazides 
should be discontinued before testing for parathyroid function. 

Adverse Reactions: Gastrointestinal System—Anorexia; gastric irritation; nausea; vom- 
iting; cramping; diarrhea; constipation; jaundice (intrahepatic cholestatic jaundice); 
pancreatitis; sialadenitis. 

Central Nervous System—Dizziness; vertigo; paresthesias; headache; xanthopsia. 
Hematologic—Leukopenia; agranulocytosis; thrombocytopenia; aplastic anemia. 
Cardiovascu/ar—Orthostatic hypotension (may be aggravated by alcohol, barbiturates, 
or narcotics). 

Hypersensitivity—Purpura; photosensitivity; rash; urticaria; necrotizing angiitis (vas- 
culitis) (cutaneous vasculitis); fever; respiratory distress including pneumonitis; 
anaphylactic reactions. 

Other—Hyperglycemia; glycosuria; hyperuricemia; muscle spasm; weakness; rest- 
lessness; transient blurred vision. 

Whenever adverse reactions are moderate or severe, thiazide dosage should be re- 
duced or therapy withdrawn. 

Note: When used with other antihypertensive drugs, careful observations for changes 
in blood pressure must be made, especially during initial therapy. Dosage of other 
antihypertensive agents must be reduced by at least 50 percent as soon as this drug 
is added to the regimen. As blood pressure falls under the potentiating effect of this 
agent, further reduction in dosage, or even discontinuation, of other antihypertensive 
drugs may be necessary. 

How Supplied: Tablets containing 25 mg De Deioieieeiee each in bottles of 100 
and 1000 and single-unit packages of 100; Tablets containing 50 mg hydrochlorothia- 
zide each in bottles of 100, 1000, and 5000 and single-unit packages of 100; Tablets 
containing 100 mg hydrochlorothiazide each in bottles of 100. 

For more detailed information, consult your MSD representative or see full prescribing 
information. Merck Sharp & Dohme, Division of Merck & Co., Inc., West Point, Pa. 19486 





"Required 


Reading" 

For Your 
Hypertensive . 
Patients 





Because of the importance of 
patient motivation, Merck 
Sharp & Dohme offers “High 
Blood Pressure,” a concise, 
pocket-sized booklet that 
defines the patient’s own role 
in the management of hyper- 
tension. This booklet is avail- 
able for you to give to your 
patients. It is designed to 
reinforce your explanation of 
hypertension and it emphasizes 
the importance of patient 
understanding in adhering to 
the regimen you prescribe. 


Please ask your Merck Sharp & 
Dohme Professional Represen- 
tative or write Professional 
Service Department, West 
Point, Pa. 19486 for a supply 

of this booklet. 


IN ANGINA: ACTS WITH SUBLINGUAL SPEED 
















SUMMARY OF 
PRESCRIBING INFORMATION 
Mode of action: The mechanism of action 
of SORBITRATE (isosorbide dinitrate) is 
unknown, although the basic pharma- 
cologic action is to relax smooth muscle. 
Isosorbide dinitrate reduces in number and 
severity the incidence of angina pectoris 
attacks, with concomitant reduction in nitro- 
glycerin intake. 
















Indications: Based on a review of this drug 
by The National Academy of Sciences — 
National Research Council and/or other in- 
formation, FDA has classified the indications 
as follows 
"Probably" effective: Sublingual and chewable 
dosage forms of SORBITRATE are indicated for the 
treatment of acute anginal attacks and for prophy- 
laxis in situations likely to provoke such attacks. 
Final classification of the less-than-effective indica- 
tions requires further investigation 











Contraindications: A history of sensitivity to the drug. 
Warnings: Data supporting the use of nitrates during the 
early days of the acute phase of myocardial infarction 
are insufficient to establish safety. Phenobarbital may be 
habit forming. 
Precautions: Should be used with caution in patients 
who have glaucoma. Tolerance and cross tolerance to 
other nitrates may occur 
Adverse Reactions: Headache which may be severe and 
persistent. Lowering the dose and using analgesics will 
help control the headaches which usually diminish or 
disappear as therapy is continued. 

Adverse reactions seen occasionally: Cutaneous vaso- 
dilation with flushing; transient dizziness and weakness 


as well as other signs of cerebral ischemia associated 
with postural hypotension; individual marked sensitivity 
to the hypotensive effects of nitrates wherein severe 
responses can occur even with the usual therapeutic 
dose (alcohol may enhance this effect); drug rash and/ 


or exfoliative dermatitis. 


(R) This drug can act as a physiological antagonist to 
norepinephrine, acetylcholine, histamine and other 
agents. 

Dosage and Administration: Route: Sublingual, oral and 
e chewable tablets. 


Individual Dose: To minimize hypotensive responses, 


which may occasionally be severe with chewable doses 
as low as 5 mg., the smallest effective dose should be 
employed. Chewable tablets are generally given in doses 


of 5 mg. Sublingually or orally, 5 to 10 mg. is the range 
commonly used although doses of up to 30 mg. have 
frequently been employed. 


a o Dosage Schedule: Smallest Src iex esee 

a 
As with sublingual ISDN: for the prevention anc pusrment Of nun a! aa redd 
i i i S d ner qub PENAS E SORA TRAE aay be 
acts I ^ mM | nN utes for therapeutic USE. qe uda Phe Dromarrtiel of anginal pain 3 or 4 times daily. 
Although the onset and duration of effect of coronary 


acts up to 2 hours for prophylaxis. rte Lent e rdg gern send 
Onset of Effect: Sublingual and Chewable: 2 to 5 
iti rol a Ere E Sublingual and Chewable: 1 to 2 

In addition: pain Oras CE bed PENAOS 
It is recommended that the oral dosage be taken on 


x F : 1 an empty stomach. 
chewing action helps distribute F3 sre amaceumoats 
nitrate over a larger mucosal area. 


Division of ICI United States Inc. 
Wilmington, Delaware 19897 





to help increase blood supply 





in treatable vasospastic disorders 


Brief Summary 
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‘Indications: Based on a review of this drug by the National 
Academy of Sciences— National Research Council and/or 
other information, FDA has classified this drug as “possibly” 


effective for peripheral vascular disease and circulatory dis- 
turbances of the inner ear. Final classification of the less-than- 
effective indications requires further investigation. 


Contraindications: Acute myocardial infarction, paroxysmal 
tachycardia, progressive angina pectoris and thyrotoxicosis. 
Warnings: In patients with cardiac disease such as tachyarrhyth- 
mias and uncompensated congestive heart failure, the benefit/risk 





ratio should be weighed prior to therapy and reconsidered at inter- 
vals during treatment. Adverse Reactions: Trembling, nerv- 
ousness, weakness, dizziness (not associated with labyrinthine 
artery insufficiency), palpitations, nausea and vomiting may occur 
Postural hypotension, while not reported, may also occur. Dos- 
age: Orally, 3 to 12 mg. three or four times a day. How Supplied: 
White, scored tablets, 6 mg. and 12 mg. Bottles of 100 and 1000; 
single-dose blister packs, boxes of 100 (10 x 10 strips) 


USV PHARMACEUTICAL MFG. CORP. 
Manati, P.R. 00701 PHARMACEUTICALS 


® 


6 mg. 


nylidrin HCI) 


Dilates arterioles’. ..maintains mean arterial blood pressure’. ..postural hypotension not re- 
ported? Arlidin also offers dosage flexibility. ..is adjunctive to supportive therapy. ..and 
provides a favorable benefit-cost ratio, too. 


+See Adverse Reactions section in Brief Summary. 


1. Innes, I.R. and Nickerson, M.: Drugs acting on postganglionic adrenergic nerve endings and structures innervated by them | 
(sympathomimetic drugs), in The Pharmacological Basis of Therapeutics (Goodman, L.S. and Gilman, A., eds.). ed. 4, New York, Macmillan, 
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Long before 
facing the 


“ultimate” test 
of stability... 








[here are a lot of ways to say "stable" when you re 
dealing with nitroglycerin. Some more meaning- 
ul than others. 

That's why the testing of Nitrostat includes tests 
o simulate, as closely as possible, the actual con- 
Jitions of use. 

For example, we test for wickability — a Parke- 
Javis test (the time in seconds required for water 
o wet the tablet completely by capillary action 
ander controlled conditions) — to simulate under- 
he-tongue conditions. 


Heat-stable? Yes. Up to 45 C (113F)(consider- 
ably higher than your patient's pocket tempera- 
ure). See graph. 

Whats more; the crucial question of mainte- 
vance of content uniformity of nitroglycerin is 
answered by Nitrostat as proved by assay. 


Potency? The average assay still shows almost 
(0096 of label claim more than 30 months after 





Nitrostat 
has shown 
proot 


of stability 








manufacture: less chance of your patient taking 
a superpotent or, more important, a subpotent 
tablet. 


0.3 mg (1/200 gr) Lot T-10587, Stored at 45 C (113 F) 
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*Fusari SA: Data on file, Parke, Davis & Company, Detroit, Michigan. (Test results were simi- 


lar for the 0.4-mg and the 0.6-mg strengths.) 

Disintegration? We test it using the USP test in . 
800 ml of water — all tablets usually disintegrate 
within 30 seconds (USP limit — two minutes). 

Dissolution? Using NF Method II, we show 
greater than 90% dissolution in 30 seconds. 

Now, each factor taken by itself may not be de- 
cisive. But taken together, they add up to a good 
reason to specify Nitrostat. 


Nitrostat umo 


0.3 mg (1/200 gr) 


(nitroglycerin tablets, USP) ::::::: 


...the tested and proved one 


O Patient booklets: 


PHYSICIAN'S NAME 


ADDRESS 
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Please have representative deliver a supply of the 
following. (Check block) 


"What you should know about angina." 
O Patient starter packages of Nitrostat® 


Available in bottles 
of 100 and new 


Convenience Packs 
of 25 





(nitroglycerin tablets, USP) 
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THE DATASCOPE M/D2 SYSTE 
THE FIRST RESCUE 
SYSTEM AS FLEXIBLE AS THE 
PEOPLE WHO USE IT: 





If there’s one thing you can 
‘Sure of in cardiac rescue, it's 
at you can't be sure of anything. 

Every situation, either in the 
spital or in the field, presents 
‘w problems, and requires new 
lutions. 

At Datascope, we've been in 
nergency medicine since its 
ception. 

Our equipment has faced just 
out everything. And from that 
perience we've put together a 
stem that's prepared to face 
iything: the M/D2 System. 

The M/D2 System is built on 
ie very simple principle. Every 
strument in the system must be 
dependent and not compro- 
ised by any other instrument. 

In keeping with this philoso- 
1y, our monitor, our defibrillator 
id our strip-chart recorder each 
ive a separate battery source. 
ne unit never puts a drain on 
iother. 

But to see its flexibility, let's 
ke our system apart, instrument 
r instrument. 


OUR MONITOR. 


The monitor in the M/D2 
stem nests inside the defibril- 
tor. You can carry the monitor 
id defibrillator, use it, and store 
as one unit. 

But the monitor pulls out'of 
e M/D2 case and works as a 
parate unit as well. So it can be 
acedright ona patient's stretcher 
ithe field. Or put in the most 
lvantageous viewing position at 
e bedside. 
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In addition to being so flex- 
ible, our monitor outperforms any 
monitor in emergency medicine. 

It has a 5-inch scope with a 
8 x 11 cm. viewing area. 
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It has a memory which pro- 
vides a bright, non-fade display 
that's remarkably clear even in 
strong sunlight. 

It has a freeze button which 
lets you stop the ECG for closer 
study. 

Its the only emergency moni- 
tor with a digital heart rate read- 
out. And because the readout is 
an LED display, you can even read 
it in the dark. 


OUR DEFIBRILLATOR. 


Like our monitor, our defib- 
rillator has its own battery-pack. 

Itstheonly defibrillator made 
that gives you a digital energy 
meter. Which displays both stored 
energy and the results of delivered 
energy tests. 


The defibrillator is exception- 
ally safe. A warning tone sounds 
when the selected energy level is 
reached. 

Energy cannot be delivered 
unless the push-button switch 
on each paddle is actuated 
simultaneously. 

The energy within the defib- 
rillatorisautomatically discharged 
when the unit is turned off. 








For paramedic use, the M/D2 
is available completely shielded 
against RF interference across 
the entire communications band. 


OUR RECORDER. 


Our recorder is flexible as 
well. It's carried separately and 
powered separately. (For good 
reason. A recorder powered by a 
common battery puts anenormous 
drain on the other instruments in 
the system.) 

Our recorder weights only 11 
pounds. And when you're using 
our monitor outside the M/D2 
case, our recorder fits right into 
the space the monitor vacated. 
Whichallowseveneasiertransport. 


OUR RAPID CHARGER. 


Although the M/D2 comes 
with a standard battery recharger, 
we offer the first rapid recharging 
unit as part of our system. Our 
Rapid Charger allows you to de- 
fibrillate with just 60 seconds of 
recharge. And in just 10 minutes 
it will recharge the defibrillator to 
at least 6076 of total capacity. 


THE SYSTEM.IT'S MORE 
THAN ANY OFITS PARTS. 


Three independent units. 
Three independent battery-packs. 
And a Rapid Charger. They work 
together, or apart. They give you 
more ability to react than any 
single unit ever could. 

For more information on the 
M/D2 System, write: Datascope 
Corp., 580 Winters Avenue, 
Paramus, N.J. 07652. 


THE DATASCOPE 
M/D2 







E "samo sited care the patent would C . and just as quickly. The 
Star answer is a crash cart on every floo banned by tielied pussuast uid ] equipped 
= __with a LIFEPAK® portable defibrillator/cardioscope from PHYSIO-CON Le os o 
E e For more Mena about Physio-Contro defibrillators and their A | 
applications, write for our 24-page, full-color brochure to: Physio-Control 
Corporation, 11811 Willows Road, Redmond, Washington 98052. 
Phone (206) 883-1181. Cable: Physio-Red. Telex: 32-0166. 


Physio-Control. First in Defibrillators. 


PHYSIO-CONTROL and LIFEPAK are registered trademarks of the Physio-Contro| Corporation. 
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2-channel playback of Holter recordings 
2-channel paper writer 

120:1 playback ratio (24-hour recording 
scanned in 12 minutes) 

Trend recording of S-T segment and heart rate 
Digital display and chart recording of 
ventricular and supraventricular ectopic beats 
Total heart beat counter 

Digital display clock 

Automatic time print-out on ECG write-out 
Adjustable delay loop for tape deck 

Solid state, modular design 
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DYNAMIC ELECTROGARDIOGRAPHY! 
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Now available to every physician ...an advanced 
ECG system for post MI follow-up, pacemaker 
evaluation, evaluation of drug administration, and 
detecting the causes of such fleeting symptoms as 
phantom chest pains and dizziness. 


Model 425 Holter Monitor 
Provides a 2-channel, 24-hour ECG recording of 
ambulatory patients. 


Model 660 Electrocardioscanner® 

Performs a 12-minute scan of the 24-hour, 2-chan- 
nel tape recording and provides standard ECG 
documentation of abnormalities and quantification 
of arrhythmia and ischemic data. 


[] Please send me the literature. | would like to know more about Holter monitoring 
and the Avionics Dynamic Electrocardiographic Systems. 
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Address 
City 
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[] Send the literature, and schedule me for a visiting demonstration. | am definitely 
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CLINICAL STUDIES 


New Observations on the Effects of Atropine on the Sinoatrial and 
Atrioventricular Nodes in Man 


GOPAL DAS, FREDERICK N. TALMERS and ARNOLD M. WEISSLER 


In normal volunteers the response of the sinoatrial (S-A) node to various doses (0.1 to 0.8 mg) of at- 
ropine was bimodal, slowing at smaller doses and accelerating at larger doses. The atrioventricular 
node showed accelerated conduction at all dosage levels. These observations suggest caution in the 
use of atropine in patients with acute myocardial infarction. Smaller doses may paradoxically aggra- 
vate bradycardia and larger doses may precipitate tachyarrhythmias. 


Induction of Atrioventricular Nodal Reentrant Tachycardia After Atropine. Report of Five Cases 


MASOOD AKHTAR, ANTHONY N. DAMATO, WILLIAM P. BATSFORD, ANTONIO R. CARACTA, 
JEREMY N. RUSKIN, GERALD M. WEISFOGEL and SUN H. LAU 


The intravenous administration of 0.5 mg of atropine provided the necessary balance of conduction 
and refractoriness within the atrioventricular (A-V) nodal reentrant pathways to produce and sustain 
A-V nodal reentry in five patients with no history of supraventricular tachycardia. This effect may help 
to explain the success of digitalis and propranolol in the management of supraventricular tachycar- 
dia, since these agents prolong refractoriness of the A-V node and abolish A-V nodal reentry. 


292 Quantitative Study of the Supernormal Phase of Ventricular Excitability in Man 


297 


MASAO IGARASHI and TAKAO AYABE 


Ten of 11 patients with acute and chronic bradyarrhythmias studied by fixed rate endocardial pacing 
manifested a supernormal phase of excitability either early or late in diastole. Its duration depended 
on the intensity of subthreshold stimuli. Ventricular excitability was not uniform throughout diastole 
and could be enhanced unexpectedly late in diastole by summation of impulses. This could be the 
basis for the Wedensky facilitation phenomenon. 


Hereditary Progressive Atrioventricular Conduction Defect 


HENRY T. LYNCH, SYED MOHIUDDIN, JANE MORAN, ARNOLD KAPLAN, MICHAEL SKETCH, 
ALAN ZENCKA and VINCENT RUNCO 


Concordance analysis of the hereditary progressive atrioventricular conduction defect in the affected 
parents and offspring of Family S (a kindred of 1,067 members) suggests a Mendelian autosomal | 
dominant factor is responsible for transmission of the diathesis for the defect. The empiric risks for 
heart block in offspring of affected parents range from 0.16 to 0.31 and in siblings from 0.01 to 0.50. 
The pathogenesis of the syndrome is unknown. 


Continued on page A15 
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impresses the eye with its natural distinction. 
Among medicinals, such natural distinction will 
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Standardized senna concentrate has 
two claims to natural distinction. In SENOKOT 
Tablets/Granules, it is standardized for uni- 
form action. And it is prepared from the de- 
seeded pod of Cassia acutifolia, discarding 
the leaves that contain coarse resins. 


Virtually colon-specific, SENOKOT 
Tablets/Granules provide gentle, predict- 
able overnight laxation...usually without 
side effects at recommended dosage 
levels. As regular elimination is established, 
dosage can be reduced gradually and 
eventually discontinued. 


Purdue Frederick 
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(standardized senna concentrate) 


Tablets/Granuley 


a natural vegetable laxative © 
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302  Abnormalities of Left Ventricular Function and Geometry in Adults with an Atrial Septal Defect. 
Ventriculographic, Hemodynamic and Echocardiographic Studies 


KENNETH A. POPIO, RICHARD GORLIN, LOUIS E. TEICHHOLZ, PETER F. COHN, 
DAVID BECHTEL and MICHAEL V. HERMAN 


The left ventricle in 12 adults with an ostium secundum atrial septal defect was subnormal in volume, 
abnormal in sequence of contraction of the septum (early systolic bulging toward right ventricle), and 
characterized by apparent decreased distensibility. These findings suggest that the superimposition 
of a mild degree of stress, such as hypertension, age, atrial fibrillation or mitral regurgitation, may 
precipitate clinical heart failure. 


309  Phasic Left Ventricular Blood Velocity Alternans in Man 
KENNETH B. DESSER and ALBERTO BENCHIMOL 


Direct measurement of the blood cell velocity in the left ventricle of conscious man by Doppler cathe- 
ter velocimetry relates alternans of phasic left ventricular blood velocity to an altered inotropic state 
during cardiac acceleration or to beat to beat variations in end-diastolic fiber length. Critical right atri- 
al or ventricular pacing rates required to produce blood velocity alternation ranged from 100 to 160 
beats/min. 


315 The Coronary Arteries in Marfan's Syndrome. A Morphologic Study 
ANTON E. BECKER and JAN-PAUL van MANTGEM 


In four of the five hearts in these cases of Marfan's syndrome studied microscopically, the extramural 
coronary arteries showed accumulations of acid mucopolysaccharides and concomitant disruption of 

the connective tissue elements. The intramural coronary arteries were generally unaffected. The 
possibility of such coronary arterial involvement should be considered in all patients with Marfan's 
syndrome. 


METHODS 


322 Clinical Applications of the Threshold Tracking Pacemaker 
THOMAS A. PRESTON and DAVID L. BOWERS 


Limited clinical testing of the threshold tracking pacemaker indicates its potential effectiveness and 
safety in patients requiring temporary pacing for acute cardiac problems. This new generation fully 
automatic pacemaker searches for and finds the threshold level and adjusts its stimulus to just above 
this level. It ensures an adequate safety margin of stimulation but reduces the stimulus level to the 
lowest safe level possible. 


PEDIATRIC CARDIOLOGY 


327  Tricuspid Atresia: Clinical Course in 101 Patients 
MACDONALD DICK, DONALD C. FYLER and ALEXANDER S. NADAS 


Fifty percent of 101 patients with all forms of tricuspid atresia survived to 15 years of age. Although 
the overall surgical mortality rate was 23 percent, surgical intervention in those with decreased pul- 
monary vascularity improved the prognosis from a 10 percent chance to survive the first year of life 
to a 50 percent chance to survive to 15 years of life. Early surgical palliation appears to be promis- 


ing. 
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THE LEADER IN EXERCISE STRESS TESTING! 









= BETTER EQUIPMENT — 


introducing the new Avionics Model 
3600 ExerStress'" Console... 


1. Automatic Blood Pressure Monitor 
2. Four-Channel Memory Scope 

3. Standard 12-lead Capability ct 
4. Accurate Heart Rate Meter | 
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. ST-Segment Computer With PVC Indicator 
. Automatic Timer For Activating ECG 
Write-out 
7. Three-Channel ECG Writer 
8. Digital Display of Treadmill Speed 
9. Digital Display of Treadmill Grade 
10. Digital Elapsed Time Clock 
11. Digital Display of Stage of Test 


12. Automatic Programmer For 
Controlling Treadmill 

13. DC Defibrillator 

14. Work Area 

15. XY Charter of ST-Segment, Heart 
Rate, and Time 

16. Storage Areas 

17. Treadmills: Finest Quality 
Available 


a BETTER SERVICE = full service and maintenance contracts available... 


Compare the quality and performance of our system Ask any competitor to bring and demonstrate his 
with all others. We'll bring the entire system, including complete system to you, including treadmill exercising. 
the treadmill, to your hospital, clinic, or office and.con- If he refuses, that should tell you something! If you 
duct an actual stress test under your control. You can want the best, we've got it and we're ready to bring it 
prove the superior performance and diagnostic quality to you. 

of our system to your own satisfaction. For action, just use the coupon below. 





AVIONICS SALES & SERVICE CENTERS 


m Stamford ag Miami m Montreal m St. Louis m San Francisco 
m Baltimore m Cincinnati m Chicago m Dallas m Seattle 
m Atlanta = Detroit m Minneapolis m Los Angeles m Brussels 


O Please send me your Exercise Stress Test Heart Monitoring brochure. | would like to 
know more about this new system. 


O Send the literature, and schedule me for a visiting demonstration. 
Name and Title 
Organization 

Address 
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AVIONICS BIOMEDICAL DIVISION 
Del Mar Engineering Laboratories, 6901 West Imperial Highway, Los Angeles, California 90045/Phone: (213) 641-7700 
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REPORTS ON THERAPY 


338 Surgical Experience in Patients with Marfan’s Syndrome, Ascending Aortic Aneurysm and Aortic 
Regurgitation 


ANTOINE T. NASRALLAH, DENTON A. COOLEY, YOUSSEF GOUSSOUS, 
GRADY L. HALLMAN, ROBERTO LUFSCHANOWSKI and ROBERT D. LEACHMAN 


The 5 year survival rate of 42.8 percent following surgical treatment of aortic insufficiency and as- 
cending aortic aneurysm in 30 patients with Marfan’s syndrome indicates that surgical treatment 
should not be withheld despite the underlying biochemical defect and potential future catastrophic 
complications in such subjects. 


342 Coronary Artery Bypass in Patients Over 70 Years of Age: Indications and Results 


JOSEPH MEYER, DON C. WUKASCH, WALTER SEYBOLD-EPTING, LUIGI CHIARIELLO, 
GEORGE J. REUL, Jr.; FRANK M. SANDIFORD, GRADY L. HALLMAN and DENTON A. COOLEY 


Improved surgical technique and postoperative care as detailed in this report are responsible for the 
reduced hospital mortality rate of only 4.8 percent in 21 patients operated upon during the first 6 
months of 1974 compared with the overall mortality rate of 22.1 percent in all 95 patients over the 
age of 70 undergoing aortocoronary bypass. Such reduced mortality makes such operations in this 
age group less controversial. 


DIAGNOSTIC SHELF 


346 Echocardiographic Findings of Ventricular Septal Rupture in Acute Myocardial Infarction 
ROBERT L. DeJOSEPH, STUART F. SEIDES, ANTON LINDNER and ANTHONY N. DAMATO 


In an 80 year old man with a ventricular septal defect after acute myocardial infarction, the major 
echocardiographic change occurred in the upper portion of the septum. This area, showing only 
slight anterior motion during systole before the rupture, demonstrated, after rupture, a marked poste- 
rior motion with the onset of ventricular diastole, presumably representing passive motion of a flail 
dyskinetic septum. 


349  Echocardiographic Findings in Uhl's Anomaly. Demonstration of Diastolic Pulmonary Valve Opening 
JAMES W. FRENCH, DAVID BAUM and RICHARD POPP 


Echocardiography helps differentiate Uhl's anomaly (congenital hypoplasia of the right ventricular 
myocardium) from Ebstein’s disease of the tricuspid valve. Diastolic opening of the pulmonary valve 
was demonstrated by echocardiography in this 14 year old girl with Uhl's anomaly. Increased right 
ventricular dimension, delayed tricuspid valve closure and prolapse of the mitral valve were also ob- 
served. 


354 Echocardiogram in Calcified Mitral Anulus 
DAVID S. HIRSCHFELD and BIANKA B. EMILSON 


These two case reports indicate that the echocardiogram of calcified mitral anulus mimics that of 
pericardial effusion but may be differentiated by demonstrating the abrupt termination of mitral ring 
echoes during sweep from the left ventricle to the left atrium. In contrast, there is a gradual diminu- 
tion of the posterior or echo-free space in true pericardial effusion. 
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will pay for this EK-5A. 


Now through October 31st, order a new Burdick EK-5A elec- 
trocardiograph, and we'll give you enough Lectro-pads, paper, 
and mounts for 100 ECGs. And 100 are more than enough to 
cover the cost of your EK-5A. 


The Burdick EK-5A is an instant-on solid-state electrocardio- 
graph with a coveted reputation for accuracy, definition, and 
dependability. It exceeds the minimum American Heart As- 
sociation frequency-response recommendations, is Data- 
Phone-compatible, and is backed by our there-when-you- 
need-us service. 


How often is there a pay-for-itself opportunity like this on 
something there's really reason to have? Take advantage of 
this, before the October 31st deadline, by calling toll-free 
800-356-0701. In Wisconsin: (608) 868-7631. Or write to The 
Burdick Corporation, Milton, Wisconsin 53563. 
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CASE REPORTS 


357  Reticulum-Cell Sarcoma with Intracardiac Metastases. Case with Angiocardiographic Improvement 
After Chemotherapy 


CESAR A. CONDE, JOSE MELLER, JOHN PANTAZOPOULOS, EPHRAIM DONOSO and 
SIMON DACK 


This is the first report of a case in which angiography demonstrated resolution of an intracardiac met- 
astatic tumor after chemotherapy. This 66 year old man with reticulum-cell sarcoma eventually died 
from progressive multiorgan involvement. 


363  Echocardiographic Diagnosis of Right Atrial Extension of Wilms’ Tumor 
ZIA Q. FAROOKI, JAMES G. HENRY and EDWARD W. GREEN 


This report describes the fourth instance of direct propagation of a Wilms' tumor to the right atrium 
through the inferior vena cava and the first echocardiographic diagnosis of such extension in a child. 
This case differs from the others in that there was invasion of the surrounding structures and the 
tumor metastasized to the liver, rendering the condition inoperable. 


SYMPOSIUM ON REPERFUSION DURING ACUTE MYOCARDIAL INFARCTION—PART Il 


368  Revascularization After 3 Hours of Coronary Arterial Occlusion: Effects on Regional Cardiac Metabolic 
Function and Infarct Size 


COSTANTINO COSTANTINI, ELIOT CORDAY, TZU-WANG LANG, SAMUEL MEERBAUM, 
JOHN BRASCH, LEO KAPLAN, STEVEN RUBINS, HERBERT GOLD and JULES OSHER 


In closed chest dogs two beneficial effects of revascularization after 3 hours of occlusion included 
significant reduction of average infarct size and restoration of cardiac function by the 7th day. Ad- 
verse effects included swelling of the ischemic myocardium and abnormal cardiac metabolic and me- 
chanical function for at least 1 hour after reperfusion. This confirmed the unstable character of the 
early phase of reperfusion resulting in inadequate coronary reflow and metabolic derangements 
whereas prolonged reperfusion for 7 dogs reversed these adverse effects. 


385 Consequences of Coronary Arterial Occlusion on Remote Myocardium: Effects of Occlusion and 
Reperfusion 


ELIOT CORDAY, LEO KAPLAN, SAMUEL MEERBAUM, JOHN BRASCH, COSTANTINO COSTANTINI, 
TZU-WANG LANG, HERBERT GOLD, STEVEN RUBINS and JULES OSHER 


Microinfarcts and regional lactate derangements were observed in the remote segments of the right 
and left ventricles of closed chest, normotensive dogs after acute occlusion of the proximal left ante- 
rior descending coronary artery. These changes, often irreversible, are attributed to ischemia of the 
remote myocardium that accompanies an acute coronary occlusion. 
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* Nitrates are the first line of defense 





against angina pectoris 


* [hetherapeutic goal of oral nitrate therapy 


IS an angina-free patient 


Fewer tablets for patients on 80 mg. or more per day (up to a 
maximum of 120 mg./ day) 


fo provide prophylaxis against anginal attacks often caused 
by unavoidable everyday stress. 


[o reduce the frequency and severity of angina pectoris 
attacks. (Not intended to abort the acute episode.) 


* Indications: Based on a review of this drug by the National Academy 
of Sciences—National Research Council and/or other information, FDA 
has classified the indication as follows: 

"Possibly" effective: When taken by the oral route, Isordil is indicated 
for the relief of angina pectoris (pain of coronary artery disease). It is 
not intended to abort the acute anginal episode, but is widely regarded 
aS useful in the prophylactic treatment of angina pectoris. 

Final classification of the less-than-effective indications requires further 
investigation. 


ontraindication: Idiosyncrasy to this drug. 

larnings: Data supporting the use of nitrites during the early days of the 
cute phase of myocardial infarction (the period during which clinical and 
iboratory findings are unstable) are insufficient to establish safety. 





Precautions: Tolerance to this drug and cross-tolerance to other nitrites 
and nitrates may occur. i 

Adverse Reactions: Cutaneous vasodilation with flushing. Headache is 
common and may be severe and persistent. Transient episodes of dizziness 
and weakness as well as other signs of cerebral ischemia associated with 
postural hypotension may occasionally develop. This drug can act as a 
physiological antagonist to norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual exhibits marked sensitivity to 
the hypotensive effects of nitrite, and severe responses (nausea, vomiting, 
weakness, restlessness, pallor, perspiration and collapse) can occur even 
with the usual therapeutic dose. Alcohol may enhance this effect. Drug 
rash and/or exfoliative dermatitis may occasionally occur. 


Consult direction circular before prescribing. 


May we send you reprints, detailed information and/ or professional samples? 
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395 Myocardial Revascularization After Acute Infarction 
HOOSHANG BOLOOKI with the assistance of MICHAEL D. KOTLER, LAWRENCE .LOTTENBERG, 
STEPHEN DRESNICK, ROBERT C. ANDREWS, STEVEN KIPNIS and RICHARD M. ELLIS 


Reperfusion of an area of myocardium ischemic for less than 2 hours in dogs or less than 4 hours in 

man may significantly reduce the extent of infarction and improve cardiac function as measured by 
cardiac catheterization and angiography. However, the revascularized area remains angiographically 
dyskinetic and electrocardiographically abnormal. This difference in time suggests a greater toler- 

ance of the human myocardium to ischemia, most likely due to the presence of numerous intercoro- 2 
nary collateral communications and the insidious onset of coronary obstruction. This study empha- : 
sizes that the duration of ischemia before reestablishment of blood flow in an acutely occluded coro- | 
nary artery in man must be limited to 4 hours. 
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CMS. It gives mor 


CMS — Clinical Monitoring Systems 
— is an advanced, computerized 
monitoring system developed by B-D 
Electrodyne, a medical instrumenta- 
tion division of Becton, Dickinson and 
Company. 

It provides more meaningful infor- 
mation more quickly, and in a more 
easily assimilated form, than conven- 
tional or even other computerized 
systems. 

For example: 

Status. Composite, moment-to- 
moment status displays of each patient 


for each variable. Easily visible, even at 
a distance. 

Rhythm history. 8 or 24 hour history 
of each patient. Large-screen graphic 
display. 

Trend graphs of any monitored 
variable. 

Alarm limits individually selected 
for each variable, for each patient. 

Alphanumeric-labeled ECG strips. 
Each automatically labeled with time, 
date, bed number, patient name, 
status, beat classification. 

Hard copies of any display at any 
time. 

Medication report. Type, amount, 
time. 


ELECTRODYNE 


Division of Becton. Dickinson and Company 


Display — solid-trace, 
non-fade — with cascade, 


Writer also labels 
strips with 
alphanumeric data 












status/trend display 


freeze, record controls 
beside each patient's display 


Alarm controls 








Minicomputer 


In addition, CMS can be added t 
any existing solid-trace B-D Electr 
dyne system, and may be purchase 
leased. 

Obviously, there is much moret 
CMS than can be described in this 
space. To get details, send for CMS 
Booklet and abstract of an indepen 
ent clinical evaluation. B-D Electro 
dyne, Division of Becton, Dickinso 
and Company, Sharon, MA 02067. 
617-828-9080. 


Status/trend display shows 
status summaries 

for all patients, 

detailed summary for 

any patient, 

trend graph 

for any variable 
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CG or blood pressure waveform and alphanumeric 


learly visible status summary on central station display 
arge, easily readable displays for any variable 


Ingoing record of status, trends 
atient information. Automatically 


utomatically labeled stripchart 
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WANT FASTER SERVICE? 


ATTACH YOUR PRESENT ADDRESS LABEL BELOW 


Beate 


If you... Change your Address? 
... Need Information? 


AFFIX LABEL 


If you have a new address please print it 
below. You MUST include your ZIP code. Post 
Office rules will not permit us to send your 
magazine to you without it. 


NAME 





ADDRESS 


CITY Ine ctu SUAS c np 


Clip this entire form and attach it to any other 
correspondence you may have for us and mail 


American Journal of Cardiology 
Dun-Donnelley Publishing Corporation 
Yorke Medical Journals 

Circulation Department 


666 Fifth Avenue, New York, N.Y. 10019 


Ah isk. sibs ee ne ash A A AAA 


Peritrate SA sustained Action 
(pentaerythritol tetranitrate) 80mg 


CAUTION: Federal law prohibits dispensing 
without prescription. 

Description: Each tablet of Peritrate SA 
Sustained Action contains: pentaerythritol 
tetranitrate 80 mg.(20 mg in immediate 
release layer and 60 mg in sustained release 
base). Peritrate* (pentaerythritol tetrani- 
trate) is a nitric acid ester of a tetrahydric 
alcohol (pentaerythritol). 


Indications: Based on a review of this drug 
by the National Academy of Sciences — 
National Research Council and/or other 
information, FDA has classified the indica- 
tions as follows: 

"Possibly" effective: Peritrate (penta- 
erythritol tetranitrate), is indicated for the 
relief of angina pectoris (pain associated 
with coronary artery disease). It is not 
intended to abort the acute anginal 
episode butit is widely regarded as use- 
ful in the prophylactic treatment of angina 
pectoris. 

Final classification of the less-than- 
effective indications requires further 
investigation. 


Contraindications: Peritrate SA Sustained 
Action (pentaerythritol tetranitrate) 80 mg is 
contraindicated in patients who have a history 
of sensitivity to the drug. 

Warning: Dato supporting the use of Peritrate 
(pentaerythritol tetranitrate) during the 

early days of the acute phase of myocardial 
infarction (the period during which clinical 
and laboratory findings are unstable) are 
insufficient to establish safety. 

This drug can act as a physiological 
antagonist to norepinephrine, acetylcholine, 
histamine, and many other agents. 
Precautions: Should be used with caution in 
patients who have glaucoma. Tolerance to 
this drug, and cross-tolerance to other nitrites 
and nitrates may occur. 

Adverse Reactions: Side effects reported to 
date have been predominantly related to rash 
(which requires discontinvation of medication) 
and headache and gastrointestinal distress, 
which are usually mild and transient with con- 
tinuation of medication. In some cases severe 
persistent headaches may occur, 

In addition, the following adverse reactions 
to nitrates such as pentaerythritol tetranitrate 
have been reported in the literature: 

(a) Cutaneous vasodilatation with flushing. 

(b) Transient episodes of dizziness and 
weakness, as well as other signs of 
cerebral ischemia associated with 
postural hypotension, may occasionally 
develop. 

(3E An occasional individual exhibits marked 
sensitivity to the hypotensive effects of 
nitrite and severe responses (nausea, 
vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur, 
even with the usual therapeutic doses. 
Alcohol may enhance this effect. 

Dosage: Peritrate SA Sustained Action 
(pentaerythritol tetranitrate) 80 mg (b.i.d. on 
an empty:stomach), I tablet immediately on 
arising and 1 tablet 12 hours later. Tablets 
should:not be chewed. 

Supplied: Peritrate SA Sustained Action 
(pentaerythritol tetranitrate) 80 mg, double 
layer, biconvex, dark green /light green tablets 
in bottles of 100 (N 0047-0004-51) and 1000 

(N 0047-0004-60). Also in unit dose — package 
of 10 x 10 strips (N 0047-0004-11). 

Additional Dosage Forms: Peritrate 20 mg— 
light green, scored tablets in bottles of 100 

(N 0047-0001-51) and 1000 (N 0047-0001-60). 
Also in unit dose — package of 10 x 10 strips 

(N 0047-0001-11). Peritrate 10 mg —light green, 
unscored tablets in bottles of 100 (N 0047- 
0007-51) and 1000 (N 0047-0007-60). 





Defense against attack. 


For over 22 years, Peritrate” has been 
considered by many physicians as one 
of the top defensive measures for 
patients with angina pectoris. In many 
patients Peritrate used prophylactically 
helps decrease the frequency and sever- 
ity of angina attacks" With minimal 

side effects. 


Peritrate can also help reduce nitro- 
glycerin requirements and, therefore, 
nitroglycerin side effects. Is it any 
wonder so many physicians continue to 
prefer Peritrate prophylaxis for their 
angina patients? 


LONG-ACTING PROTECTION 
AGAINST ANGINA PAIN* 


Peritrate SA 


Sustained Action 
(pentaerythritol tetranitrate) 80mg 


Warner/Chilcott 


Div. Warner-Lambert Company 
Morris Plains, N.J. 07950 


The Great Wall of China, an immense 
1,400-mile-long man made barrier 20 to 
30 feet high and 15 to 20 feet thick, 
helped defend China from the attack of 
Mongol hordes for more than 2,000 years. 


‘The drug has been evaluated as possibly 


effective for this indication. 
e xd 
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collects ECG data, 

computes, analyzes, 
prints report 








in minutes, at bedside, 
without central computer < 
or telephone tie-ins 


The Roche Mobile Computerized 
ECG Station contains its own 
minicomputer, recorder, and 
printer. It can eliminate the 
routine work associated dm 
with the reading of normal an j high performance ECG recorder 
ECG’s. It is highly accurate, C UN l with high noise rejection amplifier 
classifying correctly 95-98% : i 

of normal ECG's, 85% of 
abnormals: It is fast, supplying 
a computer printout based on D | IN FF. — AM 
the widely accepted USPHS ER o | A 4S 
program within a minute after $ = — ! 
readings are taken. 


There is a high degree of 
patient safety. Also, the Roche 
Station signals the operator 
immediately when tracings are a 
being taken incorrectly or are bi v4 
of poor quality; it identifies Eu 
interpretations that may be 
incomplete or equivocal. 


The Roche Mobile Station 
offers considerable savings over 
telephone tie-in ECG systems 
and yet avoids the extensive 
investment required for a 
dedicated central computer. 
Economic feasibility studies and 
additional information are 
available from Roche. 


1. Hochberg, H. M., et al.: Automatic electro- 
cardiogram analysis in rapid mass screening. 
Arch. Environ. Health 15:390-398, 1967. 


multiple copies immediately 
quantitative data and analysis at the same time 













Cart and ECG input 
electrically isolated 


single panel controls 
full 12-lead capacity 


For more information 

LJ Please send literature. 

[.] Please have representative call. 
Name/Title 

Hospital 

Address 

E ro. State 
Phone 


ZI coi 





ROCHE MEDICAL ELECTRONICS DIVISION, HOFFMANN - LA ROCHE INC., CRANBURY, N.J. 08512 






Stat regimen for rapid 
reduction of blood pressure 


ng 





in malignant hypertension 


direct-action 





INJECTION 
20 ml ampule 
contains 300 mg 


iDIAZOXIDE 


J Rapid reduction to normotensive levels 

' Induces rapid reduction of blood pressure generally 
within 5 minutes ... often in 1 or 2 minutes to the lowest 
evel achieved. Blood pressure response facilitated Dy 
appropriate diuretic therapy. 








1 Prolonged activity 

A single injection of HYPERSTAT I.V. generally maintains 
olood pressure below pretreatment levels for periods 
Jp to 12 hours. 


7 Protective action —helps avert target 
organ damage 

Cardiac output increases as diastolic pressure is 
reduced. Coronary and cerebral blood flow maintained. 
Increased renal blood flow after transient decrease. 


Administration 
guidelines 





4 Hospitalized 
s patient should 
be recumbent. 


a with appropriate 
dose of HYPERSTAT 
I.V. Injection (20 ml. 
ampule contains 
300 mg. diazoxide) 


Fill dry syringe 3 Insert needle 
a Only into 
a peripheral vein 


“The injection of the [diazoxide] bolus 
in 10 to 15 seconds results in a prompt 
blood pressure fall in a high 
percentage of cases. A maximal blood 
oressure response usually occurs 
within 5 to 10 minutes. * 


rj Uncomplicated procedure 

Simple I.V. “push” in a peripheral vein in 30 seconds or 
less. Close monitoring at frequent intervals is necessary 
until blood pressure is stabilized (generally 15-30 minutes). 
Thereafter, hourly measurement should be taken during 
the balance of effect. 


O Stable...convenient...no preparation 

HYPERSTAT LV. Injection supplied in a 20 ml. ampule 
containing a stable solution of diazoxide 300 mg. 
...Feady to use. 


*Marvin Moser, M.D., Assistant Professor of Clinical Medicine, Albert 
Einstein College of Medicine, and Chief of Cardiology, White Plains 
Hospital, White Plains, N.Y., in Diazoxide — an effective vasodilator in 
accelerated hypertension. Am Heart J 87(6) 791-795, June 1974. 





Remove needle 
» carefully— 
avoid extravasation. 


Inject entire 
s dose l.V. in 
30 seconds or less. 


< = | 3 cil 


6 Patient should 
a remain recum- 
bent for at least half 
an hour after injection. 


* pressure closely 
until stabilized — 
usually 15-30 minutes. 


is ended. 


Copyright © 1975, 
Schering Corporation. 
All rights reserved. 


Monitor blood 8 If patient is to be 

s ambulatory, 
blood pressure should 
be measured in 
standing position 
before surveillance 


9 HYPERSTAT LV. 
a Injection should 
be continued until a 
regimen of oral 
antihypertensive 
medication becomes 
effective — generally 
within a few days. 


Before prescribing HYPERSTAT I.V. Injection, please consult complete product information on next page. 
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Actions 


_as rash, leukopenia, and fever. Rarely, acute pancreatitis has been repo 


Stat regimen for 
rapid reduction 
of blood pressure 
in malignant 
hypertension 


FOR INTRAVENOUS USE IN HOSPITALIZED PATIENTS ONLY 


Description HYPERSTAT I.V. Injection is a rapidly acting antihypertensive agent. 
Each ampule (20 ml.) contains 300 mg. diazoxide, a nondiuretic benzothiadiazine 
derivative, in a clear, colorless, aqueous solution; the pH is adjusted to approx- 
imately 11.6 with sodium hydroxide. Diazoxide is 7-chloro-3-methyl-2H 1, 2, 4-benzo- 
thiadiazine 1, 1-dioxide. 


HYPERSTAT I.V. Injection produces a prompt reduction in blood pressure by 
relaxing smooth muscle in the peripheral arterioles. Cardiac Output is increased as 
blood pressure is reduced by diazoxide; coronary and cerebral blood flow are main- 
tained. Renal blood flow is increased after an initial decrease. Diazoxide has no known 
direct action on the central nervous system. 

Patients refractory to other antihypertensive agents usually remain responsive 
to diazoxide. 

Diazoxide is extensively bound to serum protein (29094). The plasma half-life is 
28 38.3 hours; however, the duration of its antihypertensive effect is variable, 
generally lasting less than 12 hours. Although an antihypertensive response has been 
obtained with slow intravenous injection, in general, a greater antihypertensive effect 
is obtained with rapid intravenous administration. 


Indications | HYPERSTAT I.V. Injection is indicated for the emergency reduction of 
blood pressure in malignant hypertension in hospitalized patients, when rompt and 


' urgent decrease of diastolic pressure is required. Treatment with orally effective anti- 


eee eve agents should be instituted as soon as the hypertensive emergency is 
controlled. 

HYPERSTAT (diazoxide) I.V. Injection is ineffective against hypertension due to 
pheochromocytoma. 


Contraindications | HYPERSTAT I.V. Injection should not be used in the treatment of 
compensatory hypertension, such as that associated with aortic coarctation or arte- 
riovenous shunt. 

The drug should not be used in patients hypersensitive to diazoxide or other thi- 


i azides, unless the potential benefits outweigh the possible risks. 


Warnings Usage in Pregnancy: The safety of HYPERSTAT LV. Injection in pregnancy 


has not yet been established. 


Information is not available concerning the passage of HYPERSTAT in breast milk. 
However, it is known that diazoxide crosses the placental barrier and appears in cord 
blood. Like other thiazides, the drug may produce fetal or neonatal hyperbilirubin- 
emia, thrombocytopenia, altered carbohydrate metabolism, and possibly other 
adverse reactions that have occurred in adults. 

Usage in Children: The safety of HYPERSTAT I.V. Injection in children has not yet 
been established. 

Hypotension may occasionally result from the administration of HYPERSTAT I.V. 
If hypotension severe enough to require therapy occurs, it will usuall yrespondto 
the administration of sympathomimetic agents, such as norepinephrine. 

Hyperglycemia occurs in the majority of penents, but usually requires treatment 
only in patients with diabetes mellitus; it will respond to the usual management, in- 
cluding insulin. Therefore, blood glucose levels should be monitored especially in 
patients with diabetes or in those requiring ii api injections of diazoxide. Hyper- 
glycemia and hyperosmolar coma associated with transient cataracts developed in 
one infant receiving repeated daily doses of oral diazoxide. The disturbed carbo- 
hydrate metabolism was successfully treated with insulin. Cataracts have been ob- 
served ina fewanimals receiving repeated daily doses of intravenous or oral diazoxide. 

Since diazoxide causes sodium retention, repeated injections may precipitate 
edema and congestive heart failure. This retention responds characteristically to 
diuretic agents if adequate renal function exists. It should be noted that concurrently 
administered thiazides may potentiate the antihypertensive, hyperglycemic, and 
nuperaneenic actions of diazoxide (See Drug Interactions). 

ince increased volume of extracellular fluid may be a cause of treatment failure in 
nonresponsive patients, it may be advisable to reduce this increased volume by 
means of a diuretic agent. 

Although no evidence of excessive anticoagulant effects has been reported, 
patients, especially those who are hypoalbuminemic and receive HYPERSTAT I.V. 
njection and coumarin or its derivatives, may require reduction in dosage of the 
anticoagulant (See Drug Interactions). 


Precautions | HYPERSTAT (diazoxide) |.V. Injection is a potent antihypertensive agent 


requiring close monitoring of the patient’s blood pressure at frequent intervals. 
Its administration may occasionally cause hypotension requiring treatment with 
sympathomimetic drugs. Therefore, adequate facilities to treat such untoward 
reactions should be available when HYPERSTAT I.V. Injection is used. 

HYPERSTAT I.V. Injection should be administered only into a peripheral vein. 
Becausethe alkalinity of the solution is irritating to tissue, extravascular nection or 
leakage should be avoided; subcutaneous administration has produced inflammation 
and pain without subsequent necrosis. If leakage into subcutaneous tissue occurs, 
the area should be treated conservatively. 

Maximal antihypertensive effects occur after rapid administration (within 30 sec- 
onds) into the vein; a slower injection may fail to reduce blood pressure or produce a 
very brief response. 

As with any potent antihypertensive agent, HYPERSTAT I.V. Injection should be used 
with care in patients who have impaired cerebral or cardiac circulation, that is, 
patients in whom abrupt and brief reductions in blood pressure might be detrimental. 

Special attention is required for patients with diabetes mellitus and those in whom 
retention of salt and water may present serious problems (See Warnings). Nondiabetic 
pas may have a transient, reversible, and clinically insignificant increase in 

lood glucose following HYPERSTAT I.V. Injection. 

Since peritoneal dialysis or hemodialysis can reduce levels of diazoxide in the 
blood, patients undergoing dialysis may require more than one injection. 


.. Adverse Reactions 


Frequent and serious adverse reactions: Sodium and water retention after repeated 
injections, especially important in patients with impaired cardiac reserve; hyper- 
glycemia frequently requiring treatment in diabetic patients, especially after 
repeated injections. 

Infrequent but serious adverse reactions: poperencion to shock levels; myocardial 
and/or cerebral ischemia, usually transient but possibly leading to thrombosis and 
manifested by angina, atrial and ventricular arrhythmias, and marked electrocardio- 
graphic changes; unconsciousness, convulsions, paralysis, or confusion; persistent 
retention of nitrogenous wastes after repeated injections; sensitivity RET such 

Other adverse reactions: Nausea, vomiting, and/or abdominal discomfort; vaso- 
dilative phenomena, such as flushing, generalized or localized sensations of warmth, 








iDIAZOXIDE 


contains 300 mg 


headache (sometimes throbbing), and sweating; orthostatic hypotension, light- 
headedness, and weakness of short duration; supraventricular tachycardia and 
palpitation; transient hyperglycemia in nondiabetic patients; transient retention of 
nitrogenous wastes; nonanginal “tightness in the chest"; warmth or pain along the 
injected vein; cellulitis without sloughing and/or phlebitis at the site of extravasa- 
tion; anorexia and alteration of taste; ileus; bradycardia; back pain; chest discomfort; 
dyspnea, NM sensation; apprehension or anxiety, malaise, and blurred vision 
occurred on single occasions; parotid swelling, salivation, lacrimation; ringing in 
the ears; diarrhea and constipation; increased nocturia; euphoria. 


Drug Interactions Since diazoxide is highly bound to serum protein, it may displace 
other substances or drugs which are also bound to protein, such as bilirubin or cou- 
marin and its derivatives. These potential interactions must be considered when 
administering HYPERSTAT I.V. Injection. The concomitant administration of diazoxide 
with thiazides or other commonly used potent diuretics may potentiate the hyper- 
glycemic, hyperuricemic, and antihypertensive effects of diazoxide. 


Overdosage Overdosage of HYPERSTAT I.V. Injection may cause an undesirable 
hypotension. Usually, this can be controlled with sympathomimetic agents, such as 
norepinephrine; failure of the blood pressure to rise in response to such an agent 
suggests that the hypotension may have been caused by something other than diaz- 
Oxide. Excessive enerübceme resulting from overdosage will respond to 
conventiona! therapy of hyperglycemia. 

Diazoxide may be removed from the blood by peritoneal dialysis or hemodialysis. 


Animal Pharmacology and Toxicology In studies involving a number of species, 
includingthe rat, cat, dog, and monkey, diazoxide has been shown to exert significant 
antihypertensive actions through its direct effect on peripheral arterioles, which 
neither impairs cardiac function nor seriously diminishes perfusion of kidneys. ~ 
In addition, in each species tested, including the rat, dog, and monkey, diazoxide 
elicits hyperglycemia, increased serum-free fatty acids and decreased plasma insulin  * 
levels by a mechanism thought to involve both suppression of insulin release and 
enhanced catecholamine action. 

Although the data are not conclusive, reproduction and teratology studies in 
several species of animals indicate that diazoxide, when administered during the 
critical period of embryo formation, may interfere with normal fetal development, 
possioly through altered glucose metabolism. Parturition was occasionally pro- 
onged in animals treated at term. 

Dosage and Administration | HYPERSTAT I.V Injection is administered undiluted and 
rapidly by intravenous injection. It should only be given into a peripheral vein. Do not 
administer it intramuscularly, subcutaneously, or into body cavities. Avoid extravasa- 
tion of the drug into subcutaneous tissues. 

The response to HYPERSTAT I.V. Injection varies from patient to patient. Generally, 
blood pressure decreases within five minutes, often within one to two minutes, to the 
lowest level achievec. The blood pressure increases relatively rapidly in the next 
ten to 30 minutes, and then more slowly over the following two to 12 hours, nearly 
reaching but rarely exceeding the pretreatment level. The response to successive 
injections is frequently better than that to the initial injection. 

. Treatment of ag oe emergencies with HYPERSTAT I.V. Injection should be 
limited to a few days and a regimen of oral antihypertensive medications should be 
instituted as soon as possible. 

With the pew recumbent, the contents of one 20 ml. ampule containing 300 mg. 
of HYPERSTAT I.V. Injection are administered intravenously in 30 seconds or less. 
Slow intravenous injection may fail to reduce the blood pressure or may produce an 
exceedingly short response. 

Specific dosage is required in children or in unusually large or small patients. 
This dosage may be calculated on the basis cf 5 mg./kg. body weight (0.3 ml./kg.) 
(See Warnings). 

A second administration of HYPERSTAT (diazoxide) I.V. injection may be required 
for a satisfactory reduction in blood pressure, if the first injection fails to give an 
adequate response within 30 minutes. 

Repeated administration of HYPERSTAT I.V. Injection at intervals of four to 24 hours 
usually will maintain the blood pressure below pretreatment levels until a regimen 
of oral antihypertensive medication becomes effective. The interval between injec- 
tions may be adjusted by the duration of the response to each injection. It is usually 
unnecessary to continue treatment with HYPERSTAT I.V. Injection for more than 
four to five days. 

Following the use of HYPERSTAT I.V. Injection, the blood pressure should be mon- 
itored closely until it has stabilized. Thereafter, measurements taken hourly during 
the balance of the effect will indicate any unusual response. A further decrease in 
blood pressure at 30 minutes or more after injection should be investigated for 
causes other than the action of HYPERSTAT I.V. Injection. It is preferable that the 

atient remain recumbent for half an hour after injection. In ambulatory patients, the 

one pressure should be measured with the patient standing before surveillance is 
ended. 

Since repeated administration of HYPERSTAT I.V. Injection can lead to sodium and 
water retention, administration of a diuretic may be necessary both for maximal 
blood pressure reduction and to avoid congestive failure. 


How Supplied HYPERSTAT I.V. Injection is supplied in a 20 ml. ampule containing 
diazoxide 300 mg. in a clear, colorless aqueous solution; box of one ampule. 
Protect from light and freezing. 
Store away from heat. 
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Schering Corporation 


SWW-4940 Kenilworth, N.J. 07033 


Pictures that listen. 


Probe your patients with 
sound. And record clear 
echo patterns on Kodak 
Linagraph direct print 
paper, type 2167. 
Ultrasonic examination 
has become a useful 
technique to diagnose 
structural and functional 
cardiac abnormalities. 
When used for ultra- 
sonic applications, 2167 
paper offers fast pop-up, 
excellent image stability, 


and high contrast—with no 
chemical processing. 

For details, write 
Eastman Kodak Company, 
Dept. 412L (260-C), 
Rochester, N. Y. 14650. 


RESULTS 
COUNT 
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Kodak Linagraph 

direct print paper, 
- type2l6/ ; 





On Reliability and a Pound of Flesh 


The life’s blood of an electrocardiograph is the 
chart that flows through it. 


Assurance that the recording is totally reliable 
depends, in part, on the quality of the chart 
itself. 


Charts, as provided by the instrument maker, 
afford this assurance to a maxima ... because 
they are designed as an integral part 

of the instrument. 


Charts, as provided by others, are imitations at 
best. They may save a few pennies, but not 
without risk of shedding a "drop of reliability”. 


This message was prepared in the interest of better instrument performance by ... 





GUBELMAN CHART DIVISION 





NASHUA 


CORPORATION 
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The Instrument Manufacturer's Chartmaker 


100 East Kinney St., Newark, N. J. 07105 
3037 East Maria St., Compton, Calif. 90220 
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JW AVAILABLE... 


HE 
MERICAN JOURNAL 
F CARDIOLOGY 


YEAR 


CUMULATIVE 
INDEX 


vers all material published in THE AMERICAN 
IURNAL OF CARDIOLOGY from January 1968 
ough December 1972. 








ZLINICAL STUDIES 
:XPERIMENTAL STUDIES 
SYMPOSIA 

REPORTS ON THERAPY 
REVIEWS 

SEMINARS 

SASE REPORTS 
JIAGNOSTIC SHELF 
4ISTORICAL MILESTONES 


ludes Author Index—and — Subject Index 
subjects are cross indexed for quick and easy reference 


iere is a limited supply of the 10 Year Cumulative Index 
ilable — January 1958 through December 1967 — Price 
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After the “2-Step” Test, 


* | Indications 





the Third Step in 
Angina* Therapy Is... 


NITRO-BID' 6.5 


(nitroglycerin 6.5 mg) 
Plateau CAPS? 


Comparing electrocardiographic responses to 
standard exercise following placebo or sustained- 
release nitroglycerin (NITRO-BID® [nitroglycerin] 
capsules), “...6.5 mg doses produced a favorable 
response. Such findings indicate that large doses of 
nitrate escape degradation in the liver." ' 


In another study;'... over a 4-hour period the aver- 
age work-induced ischemic area increased after 
placebo by 25 per cent, whereas over the same 
period the average work-induced ischemic area 
decreased after peroral nitroglycerin (NITRO- 
BID? [nitroglycerin] capsules) by 41 per cent." ? 


Also available when 
titration is important 


NITRO-BID® 2.5 
(nitroglycerin 2.5 mg) 


Plateau CAPS? 





anemia, glaucoma, increased 
intracranial pressure, 


Based on a review of this drug idiosyncrasy. hypotension. 


by the National Academy of : 
Sciences — National Research deeper ae 
Council and/or other information,| 5 guai, use. g 


ifi TE TET. vision or dryness of mouth 
i a ig i Deme occurs, discontinue drug. 


NER Tolerance may develop on 
Possibly effective: long-term usage. 
Adverse Reactions: Occasional 
transient headaches. Overdose 
may cause flushing, headaches, 
tachycardia, dizziness. 
Dosage: One capsule two or 
three times daily at 8 to 12-hour 
Contraindications: Recent intervals. 
myocardial infarction, severe 


For the management, 
prophylaxis or treatment of 
anginal attacks. 
Final classification of the less- 
than-effective indications requires 
further investigation. 


References: 

1. Russek HI: What constitutes adequate medical therapy for the 
patient with angina pectoris? Geriatrics 29:109-118, 1974. 

2. Wendkos MH, Meshulam N: Comparative effects of placebo and 
sustained-release nitroglycerin in anginal subjects. J Clin Pharmacol 
13: 160-166, 1973. 
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(potassium 
chloride, 1.5g.) 
Each Solodose packet contains: 
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FKlhsor 
the original electrode 
cream with many E 


imitators...but 2. 
no rivals! 







the one 
with a 
proven 


record Burton, Parsons & Co., Mc. 


AVAILABLE IN 

5 oz. an OZ. Manufacturers of Ethical Pharmaceuticals Since 1885 

CONTAINERS 

CENTRAL INDUSTRIAL PARK WASHINGTON, D.C. 20027 
MONTREAL, P.Q. CANADA O MUNICH, GERMANY 
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me tardio neceye [a U LUT air 
Cardio Beeper®-PM pacer monitor are 
unlike any heart monitoring instruments 
now in use. They re five ounces, pocket- 
sized and relatively inexpensive. Yet 
they are unparalleled in electronic so- 
phistication. The CardioBeeper monitors 
are engineered to permit your coronary 
patient, within seconds. to telephonically 
transmit his heart rate and rhythm or 
ECG. And to allow your pacemaker 
patient to transmit pacemaker rate in- 
terval and artifact. as well as confirma- 
tion of battery integrity and ventricular 
capture. At any time. From any conven- 
tional telephone. If indicated, you are 
then able to institute immediate, often 
life-sustaining action. 


Pacemaker tracing telephoned with 
CardioBeeper-PM. 


sR RR GENERE HERES 
ee 
SE Pan eT A 


eph 

CardioBeeper 

The CardioBeeper system is simple 
to use. Your patient need not undress. 
Or be bothered with paste. gels or straps. 
He simply places a reusable electrode 
in each bare armpit. And to transmit. 
he merely holds the CardioBeeper 


monitor next to the mouthpiece of the 
phone while touching a button. Physician 
and patient stay in constant voice 
contact while sending and i 
You can immediately receve the 
telephoned data as a series of audible 
beeps indicating each QRS complex 
or pacemaker spike. To receive a per- 
manent record of ECG or pacemaker 
artifact, just connect a CardioBeeper* 
ECG Decoder to your telephone and to 
any conventional ECG machine. Or 
instead. connect a CardioBeeper’ 
Decodalyzer to your phone to obtain a 
visual readout of heart rate or pace- 
maker rate in BPM. interval count in 
msec. or a direct ECG tracing for your 
records. 
In life-threatening emergencies 
or routine checks, no remote cardiac 
monitoring instruments available today 
at any cost can rival the revoliiionary 
CardioBeeper system. For further 
information. simply contact your Wyeth 
representative or Wyeth Laboratories. 
Box 8299. Philadelphia. Pa. 19101. 


Manutactured for Wyeth Laboratories 
by Survival Technology, Inc. 


CardioBeeper-PM 


pacer 88. AO 


CardioBeeger 


aea laii] 


Wyeth Labqgatories 


Survival Technology. Inc 











Complete lipid work-up should include both cholesterol 
and triglyceride determinations 


Testing for both lipids—rather than just for cholesterol alone—increases 
the chances of detecting hyperlipidemia from 60% to over 95%.” 


Lab results indicate pattern 
of lipid abnormality 


When initial determinations of fasting 
serum cholesterol and triglyceride levels 
indicate the presence of hyperlipidemia, 
the pattern of the lipid abnormality 
should also be determined.? 

When lipid elevations are confirmed, 
underlying disease states that may alter 
lipid metabolism should be ruled out 
through history, physical examination, 
and appropriate laboratory tests. Effec- 
tive treatment of these pathologic condi- 
tions, if they exist, will often return the 





Therapy begins- but does not 
necessarily end- with specific 


elevated lipids to a normal range. In the dietary recommendations 
absence of an underlying cause, elevated Diet (specific for the lipid abnormality) 
lipid levels indicate a primary hyper- is the starting point in the management 
lipidemia. of primary hyperlipidemia, and in the 


lyperlipidemia is 
one of several factors! sea 


P 


N 





(Photographs profession 


relatively rare Type I hyperlipop 
emia it is the only therapy sincec 
available drugs are ineffective. B 
the drug-responsive types (Type 
IIb, III, IV and V) diet alone may 
lower lipids adequately. 


Drug therapy is often 
necessary as an adjunct 
Convincing the asymptomatic hy 
demic patient to give up his favo 
foods for benefits he may not fee 
best, a difficult task. Even under. 
fully monitored dietary regimen: 
reductions may be inadequate.* F 
reasons it is often necessary to ac 
antilipemic agent to the dietary r 
to produce a significant reductior 
serum lipids. 


AN IMPORTANT NOTE: It has not been established whether the drug-induced lowering of serum cholesterol or li 
levels has a detrimental, beneficial, or no effect on the morbidity or mortality due to atherosclerosis or coronary heart dise 
Several years will be required before current investigations will yield an answer to this question. 





ag with early hypertension, excessive 
rette smoking and dietary indiscre- 
s, itis one of the few manifestations 
10dern society that an individual 
sician can attempt to control."! 

his is how one clinician views hyper- 
lemia—a condition widespread in 
erica today. The treatment he speaks 
ften calls for a dietary regimen spe- 
for the lipid abnormality plus an 
lipemic agent. And since many hy- 
ipidemic patients exhibit elevations 
oth cholesterol and triglycerides, 

7 need a drug such as ArROMID-S 
fibrate), which has the ability to 

er both lipids. 


omid-S significantly reduces 
lesterol and triglycerides—often in 
ents unresponsive to diet? 


.TROMID-S as an adjunct to diet has 
oven record of effectiveness in lower- 
serum elevations of both cholesterol 
triglycerides.°*® 

dthough most hyperlipidemic pa- 

ts are asymptomatic, a small number 

z exhibit skin lesions or xanthomas. 

‘ression of xanthomatous lesions with 

t'oMID-S visually demonstrates the 

cacy of this lipid-lowering agent. In 

ie patients xanthomas disappear 

ipletely. In others the size and num- 
of lesions are reduced. 


itinuous treatment, maintenance of 
y dosage vital to long-term control 
.eliable cholesterol- and triglyceride- 


x and vigorously trea 


lowering effect is usually sustained as 


long as ArROMID-S treatment is uninter- 
rupted. This ability to maintain control 


of serum lipids for extended periods is 


of primary importance in treating a dis- 


order as persistent as hyperlipidemia. 
ATROMID-S is effective in a simple, 


well-accepted regimen that patients can 
stay with. Initial and maintenance dos- 


age is 2 Gm. daily, in divided doses. 
Some patients may respond to a lower 


dosage. To maintain continuous control 


of lipid levels, therapy should be un- 
interrupted. 


The lipid-lowering effect of Arromip-S 


is usually noted during the first month 
of therapy. The higher the initial level, 
the greater the lipid reduction likely to 
occur. 

If response is inadequate after three 
months of therapy, the drug should be 
discontinued. However, if xanthoma 


tuberosum is present, treatment should 
continue for longer periods (even up to 
one year) provided there is a reduction in 
the size and/or number of the xanthomas. 


10 years of successful overall clinical 
experience with Atromid-S 
Throughout more than ten years of 


widespread use, ATROMID-S has proven 
to be an effective and very well-tolerated 
drug. However, before prescribing, you 
should be thoroughly familiar with the 
possible adverse reactions as well as with 
the precautions and warnings described 


on the last page of this advertisement. 





tromid- 


Brand of 


clofibrate 
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Periodic follow-up important 


Once blood lipids have been stabilized 
at normal levels on a regimen of diet and 
ATROMID-S, the patient should be exam- 
ined and his blood lipids tested every 
two to three months during the first year 
or so. If stabilization at such lower levels 
is maintained over this period, the inter- 
vals between measurements can be 
lengthened. 





helpscontrolthelipidfactor 
inyour patient's profile 


IF GIVEN IN CONJUNCTION WITH ANTICOAGULANTS 
WARNING: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS ARE GIVEN IN CONJUNCTION WITH ATROMID-S. THE DOS- 
AGE OF THE ANTICOAGULANT SHOULD BE REDUCED USUALLY BY ONE-HALF (DEPENDING ON THE INDIVIDUAL CASE) TO MAINTAIN 
THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMI- 
NATIONS ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS BEEN STABILIZED. 


See last page of advertisement for prescribing information. 
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| Atromid- S (clofibrate) 


a 
PM 


COT aT Tome ae ag vr 


"p reduce elevated cholesterol 
and/or triglyceride levels — 
not just cholesterol alone 


Initial and maintenance dosage: 
2 Gm. daily (four capsules), 


in divided doses. Some patients 
may respond to a lower dosage. 





BRIEF SUMMARY 

(For full prescribing information, see package circular.) 
ATROMID-S® (clofibrate) 

Antilipidemic agent for reduction of elevated serum lipids 


INDICATIONS: Arromip-S is indicated as adjunctive therapy to diet and 
other measures for the reduction of elevated serum cholesterol (especially the 
beta lipoprotein fraction) and/or triglycerides. Clofibrate appears to have a 
greater depressant effect on the very low density lipoproteins (Sr 20-400) 
rich in triglycerides than the low density lipoproteins (Sr 0-20) rich in 
cholesterol. 

ATROMID-S is also indicated for treatment of patients with xanthoma tuberosum 
associated with hyperlipidemia. The skin lesions frequently regress with 
clofibrate. 

It has not been established whether the drug-induced lowering of serum 
cholesterol or lipid levels has a detrimental, beneficial, or no effect on the 
morbidity or mortality due to atherosclerosis or coronary heart disease. Sev- 
eral years will be required before current investigations will yield an answer 
to this question, 

CONTRAINDICATIONS: Clofibrate is contraindicated in pregnant women. 
While teratogenic studies have not demonstrated any effect attributable to 
clofibrate, it is known that serum of the rabbit fetus accumulates a higher 
concentration of clofibrate than that found in maternal serum, and it is pos- 
sible that the fetus may not have developed the enzyme system required for 


. the excretion of clofibrate. 


It is contraindicated in lactating women since it is not known if clofibrate 
is secreted in the milk. 


. It is contraindicated in patients with clinically significant hepatic or renal 


dysfunction. 
It is contraindicated in patients with primary biliary cirrhosis since it may 


. raise the already elevated cholesterol in these cases. 


WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH ATROMID-S. THE DOSAGE 
OF THE ANTICOAGULANT SHOULD BE REDUCED USUALLY BY ONE- 
HALF (DEPENDING ON THE INDIVIDUAL CASE) TO MAINTAIN THE 
PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT BLEEDING 
COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS ARE 


_ ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE 


PROTHROMBIN LEVEL HAS BEEN STABILIZED. 

Strict birth control procedures must be exercised by women of childbearing 
potential. In patients who plan to become pregnant, clofibrate should be with- 
drawn several months before conception. Because of the possibility of preg- 
nancy occurring despite birth control precautions in patients taking clofibrate, 
the possible benefits of the drug to the patient must be weighed against pos- 
sible hazards to the fetus. 

PRECAUTIONS: Before instituting therapy with clofibrate, attempts should 
be made to control serum lipids with appropriate dietary regimens, weight 
loss in obese patients, control of diabetes mellitus, etc. 

Because of the long term administration of a drug of this nature, adequate 
base line studies should be performed to determine that the patient has 
significantly elevated serum lipid levels. Frequent determinations of serum 
lipids should be obtained during the first few months of Atromip-S adminis- 
tration, and periodic determinations thereafter. The drug should be withdrawn 
after three months if response is inadequate. However, in the case of xanthoma 
tuberosum, the drug should be employed for longer periods (even up to one 
year) provided that there is a reduction in the size and/or number of the 
xanthomata. : 

Subsequent serum lipid determinations should be done to detect a paradoxical 
rise in serum cholesterol or triglyceride levels. Clofibrate will not alter the 
seasonal variations of serum cholesterol peak elevations in midwinter and late 
summer and decreases in fall and spring. If the drug is discontinued, the pa- 
tient should be placed on an appropriate hypolipidemic diet, and his serum 
lipids should be monitored until stabilized, as a rise in these values to or 
above the original base line may occur. 

During clofibrate therapy, frequent serum transaminase determinations and 
other liver function tests should be performed since the drug may produce 


' abnormalities in these parameters. These effects are usually reversible when 


the drug is discontinued. Hepatic biopsies are usually within normal limits. If 
the hepatic function tests steadily rise or show excessive abnormalities, the 
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drug should be withdrawn. Therefore use with caution in those patients v 
a past history of jaundice or hepatic disease. 
Clofibrate may produce “flu like" symptoms (muscular aching, soren 
cramping). The physician should differentiate this from actual viral anc 
bacterial disease. 
Use with caution in patients with peptic ulcer since reactivation has b 
reported. Whether this is drug-related is unknown. 
Complete blood counts should be done periodically since anemia, and m 
frequently, leukopenia have been reported in patients who have been tak 
clofibrate. 
Various cardiac arrhythmias have been reported with the use of clofibrate. 
Several investigators have observed in their studies that clofibrate may 
duce a decrease in cholesterol linoleate but an increase in palmitoleate ; 
oleate, the latter being considered atherogenic in experimental animals. ” 
significance of this finding is unknown at this time. 
ADVERSE REACTIONS: Of the pertinent reactions, the most common 
nausea. Less frequently encountered gastrointestinal reactions are vomit 
loose stools, dyspepsia, flatulence, and abdominal distress. Reactions repor 
less often than gastrointestinal ones are headache, dizziness, and fatigue; n 
cle cramping, aching, and weakness; skin rash, urticaria, and pruritus; 
brittle hair, and alopecia. 
The following reported adverse reactions are listed alphabetically by system: 
Cardiovascular 

Increased or decreased angina 

Cardiac arrhythmias 

Both swelling and phlebitis at site of xanthomas 
Dermatologic 

Skin rash 

Alopecia 

Allergic reaction including urticaria 

Dry skin and dry brittle hair 

Pruritus 
Gastrointestinal 

Nausea 

Diarrhea 

Gastrointestinal upset (bloating, flatulence, abdominal distress) 

Hepatomegaly (not associated with hepatotoxicity) 

Vomiting 

Stomatitis and gastritis 
Genitourinary 

Impotence and decreased libido 

Findings consistent with renal dysfunction as evidenced by dysuria, he 

turia, proteinuria, decreased urine output. One patient's renal biog 
suggested ''allergic reaction.” 

Hematologic 

Leukopenia 

Potentiation of anticoagulant effect 

Anemia 

Eosinophilia 
Musculoskeletal 

Myalgia (muscle cramping, aching, weakness) 

“Flu like" symptoms 

Arthralgia 
Neurologic 

Fatigue, weakness, drowsiness 

Dizziness 

Headache 
Miscellanecus 

Weight gain 

Polyphagia 
Laboratory Findings 

Abnormal liver function tests as evidenced by increased transamin: 

(SGOT and SGPT), BSP retention, and increased thymol turbidity 

Proteinuria 

Increased creatine phosphokinase 
Reported adverse reactions whose direct relationship with the drug has r 
been established: peptic ulcer, gastrointestinal hemorrhage, rheumatoid art) 
tis, tremors, increased perspiration, systemic lupus erythematosus, blurr 
vision, gynecomastia, thrombocytopenic purpura. 
DOSAGE AND ADMINISTRATION: Initial: The recommended dosage | 
adults is 2 Gm. daily, in divided doses. Some patients may respond to a low 
dosage. Maintenance: Same as for initial dosage. Note: In children, insufficie 
studies have been done to show safety and efficacy. 
DRUG INTERACTIONS: Caution should be exercised when anticoagular 
are given in conjunction with Arromip-S (clofibrate). The dosage of the ant 
agulant should be reduced usually by one-half (depending on the individ 
case) to maintain the prothrombin time at the desired level to prevent bleedi 
complications. Frequent prothrombin determinations are advisable until it h 
been definitely determined that the prothrombin level has been stabilized. 
MANAGEMENT OF OVERDOSAGE: While there has been no reported ca 
of citodé abe, should it occur, symptomatic supportive measures should 
taken. 
HOW SUPPLIED: Arromip-S—No. 243—Each capsule contains 500 mg. cl 
brate, in bottles of 100. 
References: 1. La Bree, J., M.D. (Director of Medical Education, St. Mary 
Hosp., Minneapolis, Minn.): Unraveling the Metabolic Mysteries Affectii 
Diagnosis and Therapy, Ayerst Laboratories, 1972, p. 13. 2. Fredrickson, D. 
et al., in Holmes, W. L., Carlson, L. A., and Paoletti, R.: Drugs Affecting Lip 
Metabolism, New York, Plenum Press, 1969, vol. 4, p. 314. 3. Levy, R. L, 
Conn, H. F.: Current Therapy 1973, Philadelphia, Saunders, 1973, p. 2 
4. Parsons, W. B., Jr.: Clin. Med. 78:15 (Nov.) 1971. 5. Gelfand, M. L., ar 
Garber, M.: Exhibit, American College of Cardiology Meeting, New Orlea: 
La., Feb. 21-Mar. 1, 1970. 6. Berkowitz, D.: J.A.M.A. 218:1002 (Nov. 15) 19; 
7. Zelis, R., et al.: J. Clin. Invest. 49:1007 (May) 1970. 8. Levy, R. I., and Fre 
rickson, D. S.: Am. J. Cardiol. 22:576 (Oct.) 1968. 
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"V | S E ae Yesterday. The Honeywell patient care commitment began more than 

4 Da len care 15 years ago. We recognized that physiological data systems must cons 
me | | of morethan just good hardware, that our commitment to you and 

: a better patient care must be total. 

tO mitme nt Today. Honeywell products for health care can be found in 

i su cardiovascular diagnostic, surgical monitoring facilities, hospital data 


centers and clinical laboratories all over the world. 


| » » Our commitment includes six different physiological data systems: 
p p [| phonocardiography, echocardiography, catherization, surgery, surgical 


intensive care and a G.I. motility system. Each medical-engineered and 


I | d t supported by Honeywell application specialists. Our commitment includ 
| 0 or row. professional training for your people and a choice of several 
m E comprehensive service programs. 
CsA 
A 





Tomorrow. Tomorrow's biomedical monitoring systems are being 





| FRE built now in Honeywell R&D facilities ... to make your job easier, to me 
| P. diagnosis more accurate and to help assure the most modern patient car 
aes ` €^ For more information, please call or write Stan Edwards, Physiologic: 


Data Systems, Honeywell Test Instruments Division, P.O. Box 5227, 
Denver, CO 80217. (303) 771-4700. 
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assured tablet content uniformity" 


proven biologic availability" 


| Contraindications: There are no absolute contraindications to digitalis. However, in ventricular paroxysmal tachycardia or 


*Complete literature available on request from Professional Services Dept. PML. p Wellcome 





precision quality control... 


predictable patient response... 


ventricular fibrillation, it should be used only in refractory cases not induced by digitalis intoxication and if heart failure 

has developed. 

Precautions: If the patient has been given digoxin during the previous week or any other less rapidly excreted drug of 

the digitalis group during the previous two weeks, the dose of Lanoxin brand Digoxin must be reduced accordingly. 
Because of impaired renal function and excretion in elderly patients, they frequently require lower than recommended doses. 

Potassium loss in patients sensitizes the heart to digitalis intoxication even with recommended doses. The diuretic 
agents as well as electrolyte manipulations by the physician are major causes of potassium depletion in cardiac patients. 
Under these conditions, it may be necessary to reduce the usual dosages of Lanoxin brand Digoxin during digitalization 
and maintenance. 

Digoxin is usually ineffective in cases of cardiac failure due to mechanical causes which are independent of 
myocardial diseases, e.g., cardiac tamponade, or to disorders not primarily of cardiac origin, as severe anemia. Despite 
a variable or poor response to digoxin in the presence of active rheumatic carditis, the development of cardiac failure 
is an indication for its use. 

Effects of Overdosage and Treatment: The symptoms of overdosage with digoxin are quite similar to those occurring 
with other digitalis preparations. The most common toxic manifestations are anorexia, nausea, vomiting and various 
cardiac arrhythmias, including ventricular extrasystoles and paroxysmal supraventricular tachycardia or fibrillation with 
A-V block. In general, the gastrointestinal manifestations of toxicity with digoxin precede the cardiac arrhythmias 
occurring from overdosage. Furthermore, because of the rapid dissipation of digoxin, manifestations of toxicity are of short 
duration, usually lasting from a few hours to one or two days. 

If necessary, potassium chloride may be administered as an intravenous infusion containing (adult dosage) 40 
milliequivalents in 500 cc. of 596 dextrose in water, given over the course of 1 hour and repeated, if required, until a total 
of 120 milliequivalents have been given (1 mEq. KCI — 74.5 mg.). Electrocardiographic monitoring should be conducted 
and the infusion halted immediately upon the appearance of peaking of the T-waves. For children, the intravenous 
infusion dosage of potassium chloride would be 5 to 10 milliequivalents in 100 cc. of 596 dextrose in water given over the 
course of 1 hour, repeated if required, to a total of 15 to 30 milliequivalents. For more serious intoxication with abnormal 
cardiac rhythms, potassium chloride may be given orally in divided doses totalling 4 to 6 grams per day (adults) or 
1 to 2 grams (children) provided renal failure is not present. 

LANOXIN® digoxin TABLETS. 0.125 mg. (yellow) in bottles of 100 and 1,000. 0.25 mg. (white) scored, 
in bottles of 100, 500, 1,000 and 5,000; also Unit Dose Pack, strips of 10 tablets, 10 boxes of 100 tablets (1,000). 

0.5 mg. (green) scored, in bottles of 100 and 1,000. 


dX 
Lanoxin di i 
naANOXIN digoxin inci 
/ Research Triangle Park 


North Carolina 27709 
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New Observations on the Effects of Atropine on the Sinoatrial 


and Atrioventricular Nodes in Man 


GOPAL DAS, MD, FACC 
FREDERICK N. TALMERS, MD, FACC 
ARNOLD M. WEISSLER, MD, FACC 


Allen Park and Detroit, Michigan 


From the Veterans Administration Hospital, 
Allen Park, Mich. and Wayne State University 
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Previous observations of slowing of the heart rate after administration 
of atropine in doses smaller than 0.4 mg and recent reports of develop- 
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ment of rhythm disorders in patients with acute myocardial infarction x 


given atropine prompted us to evaluate systematically the effects of 
various doses of atropine (0.1 to 0.8 mg) on the response of the sino- 
atrial (S-A) and atrioventricular (A-V) nodes in healthy volunteers. The 
response of the S-A node to atropine was characteristically bimodal, 
slowing at smaller doses and accelerating at larger doses. In contrast, 


the A-V node showed acceleration of conduction in response to all - 


doses of atropine used. A hypothesis based on current understanding 


of the electrophysiologic parameters governing impulse formation and ; 


impulse conduction is advanced to explain the apparent paradox in the 


S-A and A-V nodal responses to small doses of atropine. The results S: 


suggest the need for caution and continuous rhythm monitoring when 
giving atropine to patients with acute myocardial infarction. 


The function of the sinoatrial (S-A) and atrioventricular (A-V) nodes 
is influenced by a balance between parasympathetic and sympathetic 


control mechanisms. Stimulation of the parasympathetic system — 
causes a decrease in the S-A nodal rate and prolongation of A-V con- - 


duction time.! On the other hand, blockade of parasympathetic influ- 
ences results in an increase in the S-A rate and abbreviation of A-V 


conduction time. Previous observations have shown that atropine, an 
agent well known for its vagolytic action in usual doses, in fact de- . 


creases the cardiac rate in small doses.? This study was designed to 


evaluate the pharmacologic effects of atropine in doses ranging from _ 
0.1 to 0.8 mg on the S-A and A-V nodes in man. Since A-V conduc- - 


tion is influenced by changes in heart rate as such, the effects of atro- 
pine on A-V conduction time were further studied in patients whose 
heart rate was maintained constant by atrial pacing. 


Material and Methods 


The study was carried out in normal volunteer subjects aged 25 to 35 years © 


and in patients undergoing diagnostic atrial pacing studies. Informed consent 
was obtained from each person. None of the normal subjects had cardiac ab- 
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TABLE I 


_ Effects of Intravenous Administration of Placebo and Atropine on S-A Nodal Rate and A-V Conduction Time 


inn * standard error of the mean) 


Subjects 


Drug per Group Control 


——— 


After Drug 


Change Significance 


S-A Nodal Rate (beats/min) 


Placebo 17 67.7 + 1.9 67.7 « 1.9 0+ 0.7 NS 
Atropine 
0.1 mg 11 71.0 « 3.8 64.8 + 3.1 —6.2 ż 1.1 P «0.001 
0.2 mg 14 68.1 + 2.1 62.1 « 1.8 —5.9 + 0.8 P «0.001 
0.3 mg 9 71.8 + 4.4 68.4 + 4.1 —3.3 + 2.2 P <0.2 
0.4 mg 16 65.8 + 2.6 66.9 + 2.7 +1.1+ 1.6 NS 
0.8 mg 12 69.8 + 3.8 91.2+ 4.8 +21.4 + 3.0 P «0.001 
A-V Conduction Time (msec) 
Placebo 17 150+ 4.1 149 + 3.5 —0.9+ 1.3 NS 
. Atropine 
0.1 mg 11 158 + 4.6 151+ 6.2 —7 x 1.6 P «0.001 
0.2 mg 14 157 + 6.1 141 + 5.6 —16+ 2.6 P «0.001 
2 0.3 mg 9 163 « 7.0 142 + 6.8 —21 + 2.4 P <0.001 
0.4 mg 16 161 + 5.3 143 + 5.3 —18 + 2.2 P «0.001 
0.8 mg 12 149 + 5.4 137 + 4.6 —12 + 3.3 P «0.01 


NS = not significant; P = SibbSbUHY. 
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.— X-ray film or electrocardiogram. The patient studies were 
— carried out from a protocol identical to that for normal 
. subjects except that a bipolar pacing electrode was posi- 
tioned near the junction of the superior vena cava and right 
atrium under fluoroscopic monitoring and the right atrium 
- was continuously paced with a 2 msec square wave pulse of 
twice the threshold amplitude (Medtronic model 5837 
_ pulse generator). 'The heart rate in these patients was held 


constant at 100 to 110 beats/min throughout the period of 


$ Eitsonine administration. 


E 


For all studies, an intravenous infusion with 5 percent 
. dextrose in water was started and surface electrocardio- 
— graphic leads were applied and connected to a DR-8 (Elec- 


. tronics for Medicine) recorder. Each subject was then al- 
- lowed to rest for 30 minutes before the study. Three elec- 
- trocardiographic leads (I, II and aVF) were simultaneously 


. 


displayed and recorded at a paper speed of 100 mm/sec 


. with time lines at 40 msec intervals. Three control record- 


À 


ings were obtained 10 minutes apart and the results aver- 
- aged. Placebo (1 ml of normal saline solution) or atropine 
- (diluted in 1 ml of saline solution) was administered by in- 
travenous tubing over a period of 1 minute in a single blind 


. manner. The tracings were then repeated 5 minutes later. 


The S-A nodal rate was derived from mean P-P intervals 


and was rounded to the nearest integer, and the A-V con- 
. duction time was measured from the beginning of the P 
. wave to the beginning of the QRS complex and was ex- 
. pressed to the nearest 4 msec. Ten to 20 beats were mea- 
sured and averaged for each determination. Student's 
- paired £ test was used to analyze the statistical significance 
. of the data. 


Results 
The effects of atropine on the S-A nodal rate and 


-A-V conduction time are summarized in Table I and 
Figure 1. Both were essentially unchanged after ad- 
-ministration of placebo. Atropine in doses smaller 
than 0.4 mg caused slowing of the S-A rate. With in- 


creasing doses above 0.4 mg there was a sequential 
increase in sinus rate. [n contrast, A-V conduction 
time decreased progressively at all dose levels used. 

The response of A-V conduction time when the 
heart rate was held constant by atrial pacing consist- 
ed of a progressive abbreviation throughout the range 
of atropine doses used (Fig. 2). 


Discussion 


Pharmacology of atropine: Although atropine 
was isolated by Vaquelin? in 1809, it was Bezold and 
Bloebaum* who demonstrated its antivagal proper- 
ties in 1867. Stimulation of the parasympathetic ner- 
vous system leads to release of acetylcholine at post- 
ganglionic parasympathetic nerve endings (muscarin- 
ic effects) and at preganglionic nerve endings (nico- 
tinic effects).? In therapeutic doses (0.4 to 1.0 mg) at- 
ropine modifies the muscarinic effects alone,*® 
whereas in large doses it blocks both the muscarinic 
and the nicotinic effects of acetylcholine.” However, 
there is a considerable variation in the response to at- 
ropine depending on the organ system.’ Although in 
therapeutic doses atropine effectively blocks the ef- 
fects of vagal stimulation on the heart and salivary - 
glands, the effects on the intestinal and urinary blad- 
der musculature remain intact.5? The mechanism of 
atropine action is not clearly understood although it 
is widely believed to be the competitive inhibition of 
the parasympathetic receptors. The secretion of ace- 
tylcholine from nerve endings is not affected.!%1! 
The effects of atropine begin about 25 seconds after 
intravenous injection and reach a peak value in 2 to 3 
minutes. !? 

Effects of atropine on S-A and A-V nodes: It 
has been well established that stimulation of the 
parasympathetic system causes a decrease in S-A 


TABLE II 


Possible Mechanisms of Slowing of S-A Nodal Rate 
in Response to Small Doses of Atropine 
Sa AT A ED CEI 


Central stimulation of vagal centers! * ^ 

. Peripheral stimulation of parasympathetic receptors 
. Inhibition of cholinesterase enzyme?^*?? 

. Effects on sympathetic nervous system?’ 


. Direct effects on the pacemaker cells 


4,26 


PWN 


rate and a prolongation of A-V conduction time." 
Pharmacologic blockade, on the other hand, results 
in an increase in S-A rate and an abbreviation of A-V 
conduction time. The magnitude of these responses 
depends upon the degree of endogenous parasympa- 
thetic activity at the time of drug administration. At- 
ropine in therapeutic doses induces acceleration of 
the S-A rate and a decrease in the A-V conduction 
time as evidenced by the P-R interval. However, as 
shown herein and by others,!?-!5 small doses of atro- 
pine (less than 0.4 mg) actually slow the S-A rate 
whereas, as demonstrated in this study, A-V conduc- 
tion accelerates consistently (Table I). In normal 
subjects (Fig. 1) there was a lesser abbreviation of 
A-V conduction time after administration of 0.8 mg 
of atropine than after administration of 0.4 mg. We 
believe that this represents the secondary effects of 
the acceleration in heart rate induced at the higher 
dose level (Table I: no significant change in heart 
rate at 0.4 mg, an increase of 21 beats at 0.8 mg). 
When heart rate was maintained constant by atrial 
pacing, A-V conduction time decreased progressively 
with increasing doses of atropine (Fig. 2), lending evi- 
dence that the acceleration of A-V conduction is in- 
deed dose-dependent throughout the range of doses 
studied. 

Mechanism of S-A slowing with small doses of 
atropine: The explanation for the differential effects 
of atropine on the S-A and A-V nodes is not clear. In 
the past, various mechanisms have been proposed to 
explain the vagotonic effects of small doses of atro- 
pine on the S-A node (Table II). Atropine in small 
doses causes stimulation of the central nervous sys- 
tem,!%20 particularly of the medulla oblongata,’ re- 
sulting in stimulation of vagal centers. According to 
Mitchell?! Szerb?? and Polak,?? the release of acetyl- 
choline within the central nervous system is responsi- 
ble for the increased central vagal tone. That this 
mechanism cannot be the sole explanation for the 
slowing in heart rate is evidenced by the observation 
of Kottmier and Gravenstein?* that the bradycrotic 
response following administration of small doses of 
atropine persisted after bilateral vagotomy. Further- 
more, atropine methylbromide, which does not cross 
the blood brain barrier, induces cardiac slowing when 
administered in small doses.?*?* 

In relation to the intrinsic mechanics of atropine at 
peripheral nerve endings Lullman et al., Sekiya?' 
and Kato28 demonstrated that atropine inhibits the 
activity of the enzyme cholinesterase, and they pos- 
tulated that in small doses this anticholinesterase ac- 
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FIGURE 1. Response of sinoatrial rate (SAR) and atrioventricular — 
conduction time (AVCT) to increasing dosage of atropine. B.L. = 9 
base-line (control) value; BPM = beats/min; ms = milliseconds; P. = 
value with placebo. Data expressed as mean values + standard — 
error of the mean. 5 
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FIGURE 2. Response of atrioventricular (A-V) conduction time, 
under conditions of constant heart rate produced by atrial pacing, to 
increasing dosage of atropine. B.L. = base-line (control) value; P. = 
value with placebo. Data expressed as mean values + standard 
error of the mean. 





Membrane potential (mV) 


Impulse formation 


Conduction velocity 
Rote of diastolic depolarization Level of resting potential 
Level of resting potential Amplitude of action potential 
Level of threshold potential Velocity of O phase 
FIGURE 3. Electrophysiologic determinants of impulse formation 
and impulse conduction. RP = resting potential; TP = threshold 
potential. 


tivity may actually predominate and lead to an in- 
creased receptor response to naturally existing ace- 
tylcholine. | 
Another explanation of the slowing of S-A rate is 
that vagotonic effects of atropine may exert their in- 
fluence through inhibition of the sympathetic ner- 
vous system or beta adrenergic receptors in the heart. 
Studies by Malhotra and Das?? revealed increased re- 
lease of acetylcholine to parasympathetic stimulation 
in the presence of sympathetic blockade. However, 
Chamberlain et al.°° found persistence of cardiac 
slowing after administration of atropine in volunteers 
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in whom the beta receptors were blocked by propran- 


olol, thus discounting sympathetic inhibition as a 


. mechanism for this cardiac slowing. 


According to Patton,?! most receptor blocking 


. agents in small doses produce brief depolarization of 
. the receptors, resulting in stimulation, whereas large 
_ doses, by sustained depolarization, cause receptor 
— blockade. In this respect the receptor stimulation 


after administration of small doses of atropine is 


. comparable to the actions of ergot alkaloids on alpha 
-~ adrenergic receptors and of dichloroisoproterenol 


and propranolol on beta receptors.4 
Mechanism of effects of atropine on A-V con- 
duction: Although the vagotonic response of the S-A 


. node to small doses of atropine may be attributed to 
. the peripheral mechanisms, the vagolytic response of 
_ the A-V node to the same doses of atropine remains 
unexplained. Recent knowledge of the electrophysiol- 


— ogy of the cells in the S-A and A-V nodes and the 


electrophysiologic variables governing the function of 
these cells, namely, impulse formation and impulse 
conduction, may offer an explanation for these differ- 


. ences. According to current concepts (Fig. 3), the rate 
_ of impulse formation is related to the rate of diastolic 
. depolarization (phase 4), the level of resting potential 


and the level of threshold potential.?? If the differ- 


. ence between the resting potential and the threshold 
. potential is increased either by increased resting po- 
- tential (more negative) or by decreased threshold po- 
tential (less negative), the rate of impulse formation 
. decreases. A decrease in the rate of phase 4 depolar- 
ization will also result in slowing of the rate of im- 
pulse formation. Impulse conduction, on the other 
hand, is critically related to the rate of rise of zero 
- phase depolarization and the amplitude of the action 
_ potential, both of which are directly related to the 
magnitude of the resting potential of the cell.??:94 


The effects of small doses of atropine, either by 


_ virtue of direct receptor stimulation or by anticholin- 
esterase activity, would be similar to those of small 


doses of acetylcholine, namely, hyperpolarization (in- 


creased resting potential) of the cells and decreased 
rate of phase 4 depolarization,??95 resulting in a de- 
creased rate of impulse formation (S-A node) and at 
the same time improved impulse conduction. Thus, 
one need not postulate actual differences in the ac- 
tions of atropine on S-A and A-V nodal function; 
rather, the inherently unique electrophysiologic vari- 
ables governing the function of these tissues would in 
themselves result in what appears to be a paradoxical 
response at small doses. 

Clinical implications: One of the principal uses of 
atropine in cardiovascular practice is in the manage- 
ment of patients with a slow heart rate. Han et al.36 
have shown that excessive slowing of the heart rate 
results in a greater disparity in the duration of action 
potentials and the refractory periods of cardiac 
tissues. This inhomogeneous electrical setting predis- 
poses to reentrant excitation and arrhythmias. In- 
creasing the heart rate, on the other hand, decreases 
this inhomogeneity and the incidence of arrhythmias. 
This, along with recent observations emphasizing the 
high rate of occurrence of atropine-responsive brady- 
cardia in patients with acute myocardial infarction,?7- 
°° and the high risk of serious arrhythmias and mor- 
tality in them,*?^! has led to widespread recommen- 
dations for the use of large doses of atropine (1 to 2 
mg) in the management of such patients.37:42:43 Pro. 
phylactic use, including self-medication with atro- 
pine in the prehospital care of acute infarction, has 
been advocated to reduce the risk of these bradyar- 
rhythmias.44-46 

Although the systematic response of patients with 
acute myocardial infarction to graded doses of atro- 
pine is not known, our observations suggest caution 
in the use of atropine in such patients. Smaller doses 
may aggravate bradycardia, and larger doses may ac- 
tually precipitate tachyarrhythmias.4^49 We believe 
that greater vigilance and the titration of individual 
dosage during rhythm monitoring are mandatory in 
order to achieve an optimal response to atropine in 
such patients. 
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After intravenous administration of 0.5 mg of atropine sustained atrio- 
ventricular (A-V) nodal reentrant tachycardia could be produced in five 
patients who had no prior historical or electrocardiographic evidence 
of supraventricular tachycardia. During the control period single atrial 
echo beats could be demonstrated in four of the five patients, but no 
instance of sustained tachycardia occurred. Atropine, known to en- 
hance A-V nodal conduction, allowed achievement of longer A-H inter- 
vals (Case 1) and provided the necessary balance of conduction and 
refractoriness within the A-V nodal reentrant pathways (Cases 1 to 5) 
to sustain A-V nodal reentry in these patients. 


It has repeatedly been observed that a critical degree of atrioventric- 
ular (A-V) nodal conduction delay is required for the demonstration 
of manifest A-V nodal reentry and the initiation of A-V nodal reen- 
trant supraventricular tachycardia.!-!? This critical degree of A-V 
nodal delay can be achieved either with appropriately timed prema- 
ture atrial beats occurring during the relative refractory period of the 
A-V node or with rapid atrial pacing.? Less well appreciated is the 
fact that sustained A-V nodal reentry requires a critical balance be- 
tween conduction and refractoriness within the reciprocating limbs of 
a reentrant circuit. 

During the conduct of previous studies!L!? designed to evaluate 
the effects of atropine on A-V conduction and refractoriness, we en- 
countered five patients who had only single or no atrial echo beats 
due to A-V nodal reentry during the control period but who had sus- 
tained A-V nodal reentrant tachycardia after administration of small 
doses of atropine (0.5 mg intravenously). We postulate that atropine, 
known to enhance A-V nodal conduction, permitted the necessary 
balance of conduction and refractoriness to allow sustained reentrant 
tachycardia in these patients. This report deals with the observations 
made in these five patients. 


Methods 


Right heart catheterization was performed with patients under local anes- 
thesia and in the postabsorptive, nonsedated state. The nature of the proce- 
dure was explained to all patients and signed consent was obtained. Elec- 
trode catheters were percutaneously introduced into peripheral veins and 
fluoroscopically positioned to record atrial and His bundle electrograms as 
previously described.!? Atrial pacing was accomplished using a digital stimu- 
lator capable of delivering rectangular impulses of 1.5 msec duration at an 
adjustable milliamperage. The rate of atrial pacing was gradually increased 
(in increments of 10 beats/min) to rates sufficient to produce A-V nodal 
Wenckebach cycles. During pacing-induced A-V nodal Wenckebach cycles, 
the stimulator was periodically turned off to permit observation of subse- 
quent spontaneous events. The atrial extrastimulus technique was employed 
to determine refractory periods of the A-V conduction system.!4 A premature 


atrial beat (A2) was introduced after every eighth sinus or 
paced beat (A;-A1) until atrial refractoriness occurred. 

Standard electrocardiographic leads I, II, III and V;, in- 
tracardiac electrograms and time lines generated at 10 and 
100 msec were displayed on a multichannel oscilloscope 
and recorded on magnetic tape. The records were subse- 
quently recorded on photographic paper at a speed of 150 
mm/sec. After completion of the control studies 0.5 mg of 
atropine was given intravenously and the studies were re- 
peated 10 minutes after drug administration. All equip- 
ment was carefully grounded. The procedure was well tol- 
erated by all patients. 


Definition of Terms15 18 


The A-H interval was measured from the onset of the 
low atrial electrogram (on the recording of the His bundle 
electrogram) to the beginning of the His bundle deflection 
and was used as an approximation of A-V nodal conduction 
time (normal for our laboratory 60 to 140 msec). 

The H-V interval was similarly measured from the onset 
of the His bundle deflection to the beginning of ventricular 
activation and was taken as an approximation of His-Purk- 
inje conduction time (normal for our laboratory 30 to 55 
msec). 

The effective refractory period of the atrium is defined 
as the longest S1-S» interval in which S; fails to depolarize 
the atrium, S representing the artificial stimulus. 

The effective refractory period of the A-V node is the 
longest atrial coupling interval (A1-A? interval) in which A» 
blocks in the A-V node. 

The functional refractory period of the A-V node is the 
shortest H;-H» interval in response to a full range of A;-A» 
intervals to the point of atrial refractoriness. 

Atrial echo beat (A-V nodal reentrant atrial echo beat, 
Ae) is the reentrant atrial beat with a low to high sequence 
of atrial activation following induced atrial beats associated 
with a critical degree of A-V nodal conduction delay (A-H 
interval). 


Results 


Clinical and electrophysiologic data are summa- 
rized in Tables I and II. None of the patients had a 


TABLE II 


TABLE | 

Clinical Data 

o e i i e i ai a Lae 
Case Age (yr) Diagnosis of Resting 

no.  &Sex Heart Disease Electrocardiogram 


EE inne NE EN dE ETRNQECHUT YU EGNE Ouen c 

1° A-V block, 
normal QRS complex 

Anterior myocardial 
infarction; right 
bundle branch block; 
left anterior 
hemiblock 

Left bundle branch 
block 

4 56M None Normal 

5 60F None Normal 


1 15M None 


Arteriosclerotic 


3 75M Arteriosclerotic 





history suggestive of tachycardia or electrocardio- 
graphic evidence of a supraventricular tachyarrhyth- 
mia or the Wolff-Parkinson-White syndrome. No pa- 
tient was taking any cardioactive medications. The 
well known effects of atropine on sinus rate and A-V 
nodal conduction were observed in all five patients. 
The average decrease in sinus cycle length after ad- 
ministration of atropine was 164 msec (range 60 to 
300 msec), representing an average decrease of 21 
percent from control values. All patients manifested 
a decrease in the sinus A-H interval after administra- 
tion of atropine (average decrease 28 msec). Results 
obtained in individual patients are as follows: | 


Case 1 (Fig. 1 and 2): In this 15 year old boy with first 
degree heart block of uncertain origin neither atrial echo 
beats nor A-V nodal reentrant tachycardia could be elicited 
during control studies but could readily be induced after 
administration of 0.5 mg of atropine. During control stud- 
ies (Fig. 1, panels A and B) the longest A-H interval that 
could be achieved during premature atrial stimulation was 
280 msec (panel A). The effective refractory period of the 


Electrophysiologic Data (msec) Before (B) and After (A) Administration of Atropine 


Longest A-H Interval 


Critical A-H Interval 


Sinus Rhythm During During 
For Supra- Continuous Antegrade 
Case Cycle A-H For Atrial ventricular Atrial Refractory 
no. State Length Interval Echo Beats Tachycardia Pacing Periods 
1 B 680 250 me m 290 280 
A 620 165 420 440—575 365 575 
2 B 900 100 370—390 ae 405 390 
A 600 85 275—285 275—400 400 285 
3 B 780 105 295—465 ve 465 400 
A 600 85 Sa 300—380 380 350 
4 B 850 70 240—260 Ta 240 260 
A 650 60 — 240—260 260 150 
5 B 680 100 430—600 wá 560 600 
A 600 90 500 500—600 600 300 
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-A-V node was determined to be 580 msec (panel B). After 


administration of atropine (panels C and D) the effective 


.. refractory period of the A-V node significantly shortened, 
- thereby permitting more premature atrial beats to be con- 
. ducted with longer A-H intervals. Sustained A-V nodal 
. reentrant tachycardia consistently occurred after A-H in- 


tervals of 440 to 575 msec. Termination of tachycardia bya 


A CONTROL 


single properly timed premature atrial depolarization is il- 
lustrated in Figure 2. 


Case 2 (Fig. 3): In the control period, only infrequent 
single atrial echo beats occurred after A-H intervals of 370 
to 390 msec induced by premature atrial stimulation; these 
beats did not occur at similar A-H intervals during pacing- 
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FIGURE 1. Case 1. Supraventricular tachycardia after 
administration of atropine. Tracings in each panel 
(from top to bottom) are: electrocardiographic leads Il 
(2) and V4, a high right atrial electrogram (HRA), His 
bundle electrogram (HBE) and time lines (T) at 10 and 
100 msec. S denotes stimulus artifact. During sinus 


E: CC AFTER ATROPINE 0-5mg V rhythm the A-H interval is abnormally prolonged at 250 


msec and the sequence of atrial activation is from the 


2 P—————————— 
n high to the low atrium. In the control period a prema- 
e EN  ———1—————v———rn ture atrial beat (A5) coupled to a preceding sinus beat 


(A4) at an interval of 590 msec is conducted with an 
V A»-H» interval of 280 msec. At a slightly closer A;-A> 


1 AA Ao Ha? A H H | A Hi interval of 580 msec (panel B), A; is blocked in the 
Pe . i I as ý E OEM DAS, are ! KMS dic Sa aed | A-V node and a sinus escape beat follows. Administra- 


tion of atropine resulted in shortening of the sinus 
cycle length and the A-H interval and a marked de- 
crease in the effective refractory period of the A-V 
node as evidenced by the ability of relatively earlier 
premature atrial beats to conduct to the bundle of His 
(panels C and D). The decrease in the A-V nodal ef- 
fective refractory period after administration of atro- 
pine is accompanied by achievement of longer A-H in- 
tervals (panels C and D). At critically long A-H intervals 


; OS ! | 
Ae - j - | a sustained supraventricular tachycardia occurred 


(panel D). Note the low to high sequence of atrial acti- 
vation (Ae) and the inverted P wave in lead II during su- 
praventricular tachycardia. Ae — atrial echo beat. 
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FIGURE 2. Case 1. Termination of 
supraventricular tachycardia. In panel 
A, a premature atrial beat is delivered 
at an Ae-A; interval of 280 msec and 
does not terminate the tachycardia. 
At a closer coupling interval of 265 
msec (panel B), A» successfully ter- 
minates the tachycardia and sinus 
rhythm is restored. 


induced A-V nodal Wenckebach cycles. After administra- 
tion of atropine, sustained A-V nodal reentrant tachycardia 
regularly occurred at similar or shorter A-H intervals pro- 
duced either by premature atrial depolarizations or by pac- 
ing-induced A-V nodal Wenckebach cycles. 


Case 3 (Fig. 4): During control studies in this patient, 
A-V nodal reentry, as manifested by single or two consecu- 
tive atrial echo beats, could easily be elicited, but sustained 
A-V nodal reentrant tachycardia never occurred. After ad- 
ministration of atropine, sustained reentrant tachycardia 
was regularly initiated at the same A-H intervals that pro- 
duced only one or two echo beats in the control period. 


Cases 4 and 5: A-V nodal Wenckebach cycles induced by 
atrial pacing after administration of atropine resulted in 
sustained supraventricular tachycardia at the same period 
of A-V nodal conduction delay (A-H interval) that gave rise 
to only single atrial echo beats during the control period 
(Table II). The critical A-H intervals necessary for demon- 
stration of A-V nodal reentry, although obtained with rapid 
atrial pacing, could not be attained during atrial premature 
coupling in these two patients. 


Discussion 


Mechanism of reentrant phenomenon in each 
case: It has been well established that A-V nodal 
reentry in the form of atrial echo beats requires a 





SINN T E 


Ji aV ve) Hv TH y 

HEE |, Hl ee h— A tne e | pate 

, .| 365 "T^ i E i 20 ' 
B AFTERA O5mglV CL 














FIGURE 3. Case 2. Supraventricular tachycardia after administration 
of atropine. Panel A shows 3:2 A-V nodal Wenckebach cycles at a 
paced atrial cycle length of 400 msec. The A-H intervals of the first 
and second conducted beats measure 125 and 365 msec, respec- 
tively, and the third atrial beat blocks in the A-V node. The atrial 
stimulus is omitted after the last conducted beat of the second 
Wenckebach cycle following which a sinus escape beat occurs. 
After administration of atropine A-V nodal conduction of the Wenck- 
ebach type occurred at a paced atrial cycle length of 340 msec 
(panel B). The last (fifth) atrial paced beat conducts with an A-H in- 
terval of 360 msec and is followed by a sustained A-V nodal reentry. 
This figure also demonstrates spontaneous termination of supraven- 
tricular tachycardia. From the onset of the tachycardia there is a 
progressive decrease in the Ae-H interval (panels B and C are con- 
tinuous) from 255 msec to 205 msec. There is a corresponding in- 
crease in the H-Ae interval and a final block of the impulse in the ret- 
rograde limb of the reentry circuit, and sinus rhythm ensues. 
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critical range of antegrade A-V nodal delay, most 
often elicited by premature atrial stimulation. With- 
in the context of our present limited understanding 
of the reentrant phenomenon it is postulated that a 
requisite antegrade delay is necessary to allow recov- 
ery of the retrograde limb of the reentrant circuit, 
which may lead to reexcitation of the atrium. Within 
the limits of this currently accepted concept the fol- 
lowing explanations are offered for the results ob- 
tained in these cases. 

In Case 1, a prolonged effective refractory period 
of the A-V node prevented closely coupled atrial pre- 
mature beats from being conducted with sufficiently 
long antegrade A-V nodal conduction time (A-H in- 
tervals) to permit recovery of the retrograde limb. 
This situation was reversed by atropine, which de- 
creased the effective refractory period of the A-V 
node so that more closely coupled atrial premature 
beats could be conducted. These beats were associ- 
ated with critically long A-H intervals and the neces- 
sary balance between conduction and refractoriness 
within the limbs of the reentrant circuit was 
achieved. 

In Cases 3 to 5, most often only single and occa- - 
sionally two consecutive atrial echo beats were elic- 
ited in the control period within a critical zone of 
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FIGURE 4. Case 3. Supraventricular tachycardia after administration 
of atropine. In panel A a premature atrial beat (A2) is coupled to the 
preceding sinus beat at an A4-A» interval of 420 msec. A» conducts 
with an Ao-Hz interval of 320 msec and initiates unsustained A-V 
nodal reentry. The reentrant impulse conducts in antegrade fashion 
to the bundle of His with an Ae-H interval of 440 msec, then con- 
ducts back to the atrium and finally blocks in the antegrade limb. The 
H-Ae interval for the two reentrant beats is constant at 40 msec. 
After administration of atropine (panel B) sustained A-V nodal reen- 
try is initiated at a similar degree of A-V nodal delay (Ao-Ho interval 
320 msec) as in the control period. After an initial variation, the Ae-H 
interval stabilizes at 375 msec. The H-Ae interval remains un- 
changed at 40 msec. Subsequent atrial stimuli (panel B) are for the 
most part ineffective and were delivered inadvertently. The third 
stimulus captures the high right atrium and results in fusion activation 
of the right atrium (low atrial electrogram; that is, Ae occurs at the 
expected time) (A-Ae interval 480 msec). This has no effect on the 
supraventricular tachycardia. 
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ble to those of the control period, implies that atro- 
_ pine decreased refractoriness of the antegrade limb 
` to a degree that permitted continuous reciprocation. 
. A decrease in A-V nodal refractoriness is a well 
_ known effect of the drug. Whether the retrograde 
.. limb was equally or unequally affected by atropine 
NR à A ; : 
_ can only be conjectured. However, atropine did bring 
~. about the necessary balance between conduction and 
- refractoriness within the reentrant circuit. 

_ In Case 2, sustained supraventricular tachycardia 


AT 


ager 


ameti: 


: A occurred after administration of atropine at A-H in- 
. tervals significantly shorter than those that in the 
_ control period resulted in either single or no atrial 
echo beats. Since sufficient antegrade A-V nodal 
delay (that is, longer A-H intervals) was achieved 
. during the control period, it appears that improved 
.. conduction and shortening of refractoriness of only 
_ the crossover or retrograde pathway, or both, after 
_ administration of atropine were responsible for creat- 
- ing the balance necessary for the occurrence of sus- 
- tained reentry. This possibility is also suggested by 
- the mechanism of spontaneous termination of supra- 
- ventricular tachycardia (Fig. 3). The initiation of sus- 
_ tained reentry at shorter A-H intervals after adminis- 
_ tration of atropine further attests to the importance 
_ of a balance between conduction and refractoriness 


3 in the limbs of a reentrant circuit. 

_ Atropine and reentry: The possibility that atro- 
... pine caused sustained reentry by changing atrial re- 
E fractoriness can be summarily dismissed for the fol- 


-- lowing reasons: 
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-.... 1. Small doses of atropine, as used in this study, 
. produced no significant changes in atrial refractori- 
. ness as tested by the extrastimulus method.!! After 
. administration of atropine the effective refractory 
` period of the atrium increased by 10 msec in Cases 1 
. and 3, decreased by 10 msec in Cases 2 and 5 and did 
| not change in Case 4. 

~ . 2. In four of five cases (Cases 2 to 5) atrial echo 


_ beats did occur in the control period and in Cases 3 
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to 5 the atrial echo beats were not followed by His 
bundle potentials, thus suggesting that the A-V node, 
not the atria, was refractory. 

Although administration of small doses of atropine 
resulted in sustained A-V nodal reentry in these 5 pa- 
tients, findings were not similar in the other 17 pa- 
tients'!'? who received the same amount of drug. 
There are several possible explanations for these dif- 
ferences: (1) Only 5 patients had the potential for de- 
velopment of reentrant supraventricular tachycardia 
that was unmasked by atropine; (2) in the other 17 
patients the dose of atropine was either too small or 
too large; or (3) atropine simply did not produce the 
necessary balance of conduction and refractoriness 
between the antegrade and retrograde limbs of the 
reentrant circuit in these 17 patients. 

Clinical implications: The results of this study 
help to elucidate some underlying mechanisms re- 
sponsible for the success of therapeutic agents, such 
as digitalis and propranolol, in the management of 
patients with supraventricular tachycardia. Both dig- 
italis and propranolol are known to prolong refracto- 
riness of the A-V node and therefore may totally 
abolish manifestations of A-V nodal reentry.!7-19 
These changes could result from prolongation of A-V 
nodal conduction and refractoriness in one or more 
sites in the reentrant circuit—the antegrade or retro- 
grade limbs or crossover tracts—so that the prema- 
ture atrial beats fail to induce the echo response. In 
some patients single or multiple atrial echo beats 
may still be demonstrable after administration of 
these drugs although sustained A-V nodal reentry 
may not occur if the necessary balance between con- 
duction and refractoriness within the various limbs of 
the reentrant circuit is sufficiently altered by the 
therapeutic agents. Finally it must be pointed out 
that at times, these and other drugs may show what 
appear to be paradoxical effects on the reentrant 
phenomenon. We have observed in some patients 
A-V nodal reentrant atrial echo beats occurring only 
after administration of digitalis or propranolol 
whereas none were seen during the control period 
(unpublished observations). Likewise, it is conceiv- 
able that atropine may prevent sustained reentry in 
some patients with supraventricular tachycardia by 
altering the critical balance of conduction and refrac- 
toriness within the A-V node. 
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The supernormal phase of excitability of the human heart was studied 
by means of fixed rate endocardial pacing in 11 patients with acute 
and chronic bradyarrhythmias. Ten of the eleven patients manifested a 
supernormal phase. The duration of the phase increased with increas- 
ing intensity of subthreshold stimuli and ranged from 91 to 148 percent 
of the Q-T interval. Subthreshold stimuli of a wide range of intensity 
could elicit a full response. Two types of supernormal phase, early and 
late in relation to the cardiac cycle, were observed. The latter was at- 
tributed to the summation of subthreshold stimuli with either spontane- 
ous phase 4 depolarization of a ventricular ectopic pacemaker or atrial 
depolarization potentials. Its possible connection with Wedensky facili- 
tation was suggested. The ventricle was less excitable after an ectopic 
beat than after a normally conducted beat. 


Since Adrian! introduced the term supernormal excitation to denote 
a particular type of ventricular response to a subthreshold stimulus, 
the occurrence of this response in the mammalian?-* and human?-19 
heart has been repeatedly discussed. Nevertheless, few quantitative 
studies of the phenomenon have been performed and little is known 
about its mechanism. This study was designed to define quantitative- 
ly a supernormal phase of excitability in the human heart in terms of 
intensity of the effective subthreshold stimuli required to evoke it 
and its temporal relation to the cardiac cycle. The physiologic impli- 
cations of the phenomenon and its bearing on Wedensky facilitation 
are also discussed. 


Material and Methods 


Eleven patients requiring temporary transvenous pacing for acute and 
chronic bradyarrhythmias were studied (Table I). Fixed rate endocardial 
pacing was performed in each case using a bipolar electrode catheter posi- 
tioned at the apex of the right ventricle (Medtronic 5880A demand pacemak- 
er and 5821 bipolar electrode catheter for endocardial pacing). This method 
enabled the pacemaker stimuli to fall at various portions of the cardiac cycle. 
After the diastolic threshold was determined, pacing was attempted with 
subthreshold stimuli at various levels of current intensity. A decrement of 
less than 0.1 milliampere between two consecutive levels of current intensity 
could not be used because of the technical properties of our pulse generators. 
The duration of the period of supernormal excitability was expressed as per- 
cent of the Q-T interval or as the time interval in seconds after the onset of 
the Q wave. The effectiveness of subthreshold stimuli was expressed as a per- 
cent of all stimuli administered at a given time. 


SUPERNORMAL VENTRICULAR EXCITATION—IGARASHI AND AYABE 


TABLE | 
Clinical and Electrocardiographic Data in 10 Patients with Supernormal Ventricular Excitability 


Stimulating Time Scatter 
Current Q-T of Supernormal 
Case Age (yr) Diag- Threshold ^X Intensity Interval Excitability 10096 Zone 
1 42F AVB 2.0 1.8 0.50 0.48-0.58 0.50-0.54 
2 78M AVB 5.0 4.8 0.42 0.36-0.62 0.40-0.52 Summation with 
| blocked P 
3 69F AVB 2.0 1.7-1.9 0.44 0.40-0.94 0.42-0.48 
4 46M AVB 2.0 1.9 0.40 0.34-0.50 0.40-0.42 Summation with phase 
4 depolarization 
5 66M SSS 1.2 0.9-1.0 0.36 0.34-0.56 0.36-0.56 
6 61F AMI 7^ Y 2.0 0.40 0.36-0.68 0.38-0.58 
7 69M AVB 2.5 2.3 0.44 0.40-0.70 
8 58F AMI 4.0 0.8-3.8 0.40 0.34-0.60 0.36-0.56 Summation with 
conducted P 
9 68M AVB 2.5 2.4 0.52 0.50-0.66 0.56-0.60 
10 73M AMI CAP. 2.5-3.1 0.40 0.38-0.46 0.42-0.44 Summation with 
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conducted P 


AMI = acute myocardial infarction; AVB = chronic A-V block; P = atrial depolarization; phase 4 = spontaneous diastolic 


depolarization in the ventricle; SSS 7 sick sinus syndrome. 


TABLE II 


Influence of Variations in Subthreshold Current Output 
on the Duration of a Supernormal Period (SNP) 











Thresh- Effective 
old Subthresh- Time Scatter Duration 
Case Current old Cur- of Effective of SNP 
no. (ma) rent (ma) Impulse (sec) (sec) 
3 2.0 1.9 0.40-0.92 0.52 
1.8 0.42-0.60 0.18 
1.7 0.42-0.48 0.06 
5 1.2 1.0 0.34-0.56 0.22 
0. 0.36-0.50 0.14 
8 4.0 3.8 0.34-0.62 0.28 
3.5 0.34-0.60 0.26 
3.0 0.34-0.56 0.22 
2.5 0.34-0.50 0.16 
2.0 0.36-0.44 0.08 
1.5 0.36-0.44 0.08 
1.0 0.40 
10 3.2 3.1 0.38-0.46 0.08 
3.0 0.40-0.46 0.06 
2.9 0.42-0.46 0.04 
2.8 0.42-0.44 0.02 
2.6 0.42 
Results 


A supernormal phase of excitability was found in 
10 of 11 patients studied (Table I). 

Duration of the supernormal phase of excita- 
bility: A supernormal phase was observed not only at 
the end of the T wave but also at various points well 
after the T wave (Fig. 1, Table I). In five cases the su- 
pernormal phase measured 150 percent of the Q-T 
interval and in one case (Case 3) 91 to 213 percent of 
the Q-T interval. 
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FIGURE 1. Duration of a supernormal phase of excitability ex- 
pressed as percent of the Q-T interval. Heavy bars represent zones 
in which every subthreshold stimulus could produce an effective 
ventricular response. 


In four cases a study of the duration of this super- 
normality at different current levels of subthreshold 
stimuli (Table II) revealed that the duration depend- 
ed on the intensity of the subthreshold stimuli: 
Stronger subthreshold stimuli produced a longer su- 
pernormal phase. For example, in Case 8 (Fig. 2 and 
3), the duration of the supernormal phase was 0.25, 
0.16 and 0.08 second at respective current levels of 
3.5, 2.5 and 1.5 ma. The lowest effective current of 1.0. 
ma could elicit a ventricular response only 0.40 sec- 
ond after the Q wave. In each case stronger stimuli 
extended the supernormal phase further into the late 
than into the early portion of diastole with an incre- 
ment in the latter of up to 0.04 second. 

Relative effectiveness of subthreshold stimuli: 
A subthreshold stimulus that could produce a full re- 
sponse in the midportion of the supernormal phase 
sometimes failed to do so near the beginning and end 
of the phase. The zone of 100 percent effectiveness 
usually occurred during a period constituting 100 to- 
125 percent of the Q-T interval (Fig. 1, Table I). 


_  SUPERNORMAL VENTRICULAR EXCITATION—IGARASHI AND AYABE 
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. rent intensity of subthreshold stimuli. Note Vai duration of super- 


normal phase with stronger subthreshold stimuli (A and B). mA = 


. milliamperes. 





_ FIGURE 3. Case 8. Duration of the supernormal phase at different 
- levels of subthreshold stimulus intensity. The duration increased with 

increasing strength of the stimuli. The horizontal axis represents 
. time intervals after onset of the Q wave. 


Late supernormal phase: Unexpectedly, late oc- 


. currence of a supernormal phase was noted in five 


eases (Cases 2, 4, 6, 8 and 10). Figure 4 (Case 4) shows 
the occurrence of this late supernormal excitability in 


two ranges, namely, 0.72 to 0.76 second and 1.44 to 


- 1.52 seconds after the Q wave. In each instance the 


first of the several consecutive supernormal re- 
sponses differed in contour from the others. Figure 5 
(Case 4) illustrates diagrammatically the frequency 
of late supernormal excitation at various points in 
the cardiac cycle. Figure 6 (Case 10) shows that an 


^ otherwise ineffective subthreshold stimulus could 


evoke and share ventricular depolarization with a 


- sinus impulse giving rise to a beat analogous to a fu- 


sion beat only if the stimulus fell shortly after a P 
wave. A similar effect occurred with blocked atrial 


depolarization potentials in Case 2 (Fig. 7). However, 
in this case neither P waves nor subthreshold stimuli, 


. occurring at the same time interval after the onset of 


spontaneous automatic beats, could by themselves 


. produce a full response. 


Supernormal phase after an ectopic beat: Fig- 
ure 8 demonstrates in a case of atrial fibrillation the 


. difference in ventricular excitability after a supra- 
. ventricular and a ventricular ectopic beat. The sub- 
threshold stimulus (ST 1) falling 0.44 second after an 


EE 
-= —L- 148- | 
FIGURE 4. Case 4. Electrocardiogram, lead Il. Late supernormal 
phase of excitability. The supernormal phase occurs early in diastole 
in A, both early and late in B and only late in C. Numbers at the bot- 
tom of each tracing represent time intervals after onset of the Q 
wave in seconds. Note that the two longer intervals in C (1.46 and 
1.48 seconds) are approximately twice as long as the interval (0.72 
second) in B. 








1.2 1.4 1.6 


04 06 os 1.0 
Time after Q Wave sec 


FIGURE 5. Case 4. Effectiveness of subthreshold stimuli at different 
time intervals after onset of the Q wave. Effectiveness is expressed 
in percent with reference to all the stimuli delivered at a given time 
interval in seconds after the Q wave. 


ectopic ventricular complex beat failed to elicit a re- 
sponse whereas the one after a conducted beat at the 
same time interval (ST 2) was able to do so. Although 
a similar phenomenon was noted in other cases in our 
study a quantitative analysis was not performed. 


Discussion 


Duration and location of supernormal phase: 
In contrast to our observations, the supernormal 
phase of excitability has been believed to take place 
within a fixed and narrow range of the cardiac cycle. 
Most previous studies performed in the human heart 
have defined the supernormal phase as a period in 
the cardiac cycle ranging between 80 and 120 percent 
of the Q- T interval,* for example, between the begin- 
ning of the downstroke of the T wave and the inscrip- 
tion of the U wave,° on the descending branch of the 
T wave,’ or at the terminal portion of the T wave.!? 
An experimental study!! using a single fiber of isolat- 
ed papillary muscle found supernormality of short 
duration at the end of phase 3 depolarization. By 
contrast, our results have demonstrated that the du- 
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FIGURE 6. s 10. Summation of t euihreshold stimuli with atrial 
depolarization potentials. In A, a suprathreshold impulse precedes a 
normally conducted beat, giving rise to a fusion beat (F). Subthresh- 
old stimulation is shown in B to D. SM = summation of a subthresh- 
old stimulus with atrial depolarizing potentials. Note occasional fail- 
ure of summation (|) and absence of a supernormal phase of exci- 
tability (| |). SNE = supernormal phase of excitability. 


ration of the supernormal phase in the human ventri- 
cle is longer than hitherto believed and is dependent 
on the intensity of subthreshold stimuli (Fig. 2 and 
3). A similar observation was made by Linenthal and 
Zoll, who described a case in which the supernormal 
period lasted 0.04 and 0.1 second for stimuli of 2+ 
and 3+ intensity, respectively. This dependence of 
supernormal excitation on current intensity led us to 
believe that ventricular excitability was not uniform 
throughout diastole. The ventricle was very excitable 
during the period corresponding to the end of the T 
wave, becoming less so during the subsequent several 
hundred milliseconds until a diastolic threshold level 
was attained. (Fig. 9). 

Occasionally, otherwise effective subthreshold 
stimuli failed to elicit a full response especially when 
they were given early or late in the supernormal peri- 
od. The electrophysiologic interpretation of this find- 
ing could be as follows: During the supernormal 
phase, especially at its beginning and end, the depo- 
larizing process must be taking place with such low 
margins of safety that even a small change in cellular 
environment may affect the sodium transport sys- 
tem, resulting in a temporary depression of excitabil- 
ity. 

Enhancing of ventricular excitability by sum- 
mation: In four cases, as described, the supernormal 
phase occurred unexpectedly late in diastole. Two 
characteristics of this finding are worth special men- 
tion: (1) The first beat due to late supernormal exci- 
tation differed from succeeding beats in contour, and 
(2) the second period of a late supernormal phase oc- 
curred at an interval after the Q wave measuring ap- 
proximately twice the interval of the first period. 
These phenomena could be interpreted on the basis 
of summation of two impulses, one being the other- 
wise ineffective subthreshold stimulus, the other the 
potentials from a subsidiary ventricular ectopic pace- 
maker in the process of spontaneous (phase 4) dia- 
stolic depolarization. This could evoke a full ventric- 
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FIGURE 7. Case 2. Summation of a subthreshold stimulus with — 
blocked atrial depolarization potentials in a case of complete A-V — 


block. The thick arrow indicates summation, the thick bars an ef- 


fective subthreshold stimulus and thin bars an ineffective stimulus. — 
Figures at the bottom of each tracing represent time intervals of — 


subthreshold stimuli from preceding spontaneous QRS complexes. 








FIGURE 8. Case 8. Effects on ventricular excitability of a spontane- 


ous ventricular ectopic beat. A subthreshold stimulus (ST 1) after a — 


ventricular premature beat could not evoke a response in contrast to 
one (ST 2) occurring after a conducted beat (in atrial fibrillation). 


Intensity 






Threshold 


FIGURE 9. Proposed curve of excitability of the human ventricle. 


The lowest threshold (early supernormal) value is observed near the — 
end of the T wave and is followed by a gradual rise until a plateau is - 
reached. The dotted area denotes a late supernormal period due to — 


summation of the subthreshold stimuli with a subsidiary phase 4 of- 


spontaneous depolarization or with electrotonic spread of atrial im- 
pulses. 


ular response but the first beat would differ in con- 


tour from subsequent beats because its depolarizing - 


process would have begun with an already reduced 
resting membrane potential. 


Wedensky facilitation: This enhancing effect on - 
ventricular excitability by summation has been ex- 


perimentally demonstrated by Bailey et al, who — 


elicited full excitation by administering a subthresh- 


old stimulus properly timed with regard to the slow . 
upstroke of the subthreshold depolarization. They | 
called this Wedensky facilitation. Cranefield and . 


Hoffman?? reported similar results using a microelec- - | 
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trode technique in isolated Purkinje tissue. In addi- 


. tion to this temporal relation, spatial closeness of the 
— origins of the stimuli must be a critical factor since 


_ electrotonic spread of subthreshold stimuli cannot 


travel far because of decremental changes. 
. Another point of evidence in favor of the ability of 


- summation of impulses to produce a full response 


was found in Case 10, in which an otherwise ineffec- 
tive subthreshold stimulus elicited a response when it 
was given at the end of a P wave (Fig. 6). The intensi- 


ty of the current required for this type of summation 


. was greater than that for the excitation induced at 


the end of the T wave (Fig. 6C). Similar events oc- 


. curred in Case 2 (Fig. 7) and Case 8, and Soloff and 


Fewell® reported a similar observation (their Fig. 2). 


i Arbel et al.!4 also demonstrated in man and dog this 
. enhancing effect of atrial depolarization and attrib- 


uted it to summation of subthreshold stimuli with 
electrotonic spread of atrial depolarization poten- 
tials. Like these authors, we found that this summa- 
tion could take place whether or not atrial depolar- 
ization potentials were conducted to the ventricles 
(Fig. 6 and 7). 

Thus, we have demonstrated by means of endocar- 
dial stimulation of the human heart that a supernor- 
mal phase of excitability can occur late in diastole 
and that its duration is dependent on the intensity of 
subthreshold stimuli. The physiologic basis may be 
summation of subthreshold stimuli (Wedensky facili- 
tation), but this hypothesis needs confirmation in 
further studies. 
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New data on genetics, including an extensive pedigree and certain as- - 
pects of natural history, have been compiled on Family S, which is | 
characterized by a hereditary progressive atrioventricular (A-V) con- . 
duction defect. Concordance analysis of heart block in affected par- 
ents and their offspring suggests as a working hypothesis transmission 
of diathesis for the defect by means of a Mendelian autosomal domi- — 
nant factor. Regression of the defect in several relatives, including re- 
version from first degree heart block to normal A-V conduction, defies _ 
explanation at this time. However, rapport established with the unusu- j 
ally large (1,067 members) and cooperative kindred will permit longi- | 
tudinal evaluation of these findings. 


Hereditary factors are etiologically significant in a variety of cardio- 
vascular problems.!-!° Their importance in conduction defects was 
first reported by Morquio!! in 1901 when he described atrioventricu- 
lar (A-V) conduction disturbances in five brothers. Two years later 
Osler!? described a family whose members had a slow pulse rate and 
Stokes-Adams attacks. The first electrocardiographic confirmation of — 
familial heart block was reported in 1932.1?14 Since then, more than — 
25 families with cardiac conduction disturbances of various kinds. 
have been described.!? ; 

This report provides new and extended data from a large kindred 
characterized by a high incidence rate of a specific pattern of A-V 
conduction defect. This defect typically covers the range of first, sec- 
ond and third degree heart block and constitutes a newly described - 
disorder: hereditary progressive atrioventricular conduction defect.1° | 
We believe that this study represents the most complete published © 
report of a kindred with a cardiac conduction defect and that the 
data provide an important contribution toward elucidation of the eti- 
ology of the disorder. 


Material and Methods 


The syndrome of familial A-V conduction defect has been described pre- 
viously in an initial report!? on the S kindred. Since then, the study has been - 
extended significantly, facilitating more critical explorations concerning the - 
origin and natural history of the conduction defect (Fig. 1). | 

The earliest progenitor (generation I), determined in our pedigree search, 
produced five offspring (generation II), each of whom initiated one subdivi- 
sion of the S kindred. One subdivision, in turn, produced 13 offspring (gener- - 
ation III), each of whom initiated a separate branch of the subdivision of the 
kindred. All our examinations have thus far been confined to members of one 
subdivision (that is, offspring of one person in generation II) composed of 13 - 
branches (each starting in generation III) containing 1,067 persons. a 

A total of 12 field visits have been made to several midwestern and far 
western states where specific aggregations of the kindred reside. These field - 
visits have been made with a cardiologist and various paramedical assistants - 
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who have worked closely with the family for several years, 
establishing excellent rapport and acquiring detailed famil- 
iarity with the family’s geneology and medical problems. 
The help of family physicians has been enlisted so that de- 
tailed medical information is constantly made available to 
the research team. In addition, hospital records have been 
secured as well as pathologic confirmation of all major dis- 
orders including cardiovascular diseases. 

We have examined the members of three branches in one 
subdivision. The examined members in two of these 
branches have shown no evidence of cardiac disorders. 
Members of the third branch, studied extensively, mani- 
fested a conduction defect. 

An extensive pedigree of this kindred has been con- 
structed (Fig. 1). The pedigree is designed to facilitate 
evaluation of (1) conduction defects, (2) sinus bradycardia, 
(3) cardiac arrhythmias at rest, and (4) the occurrence of 
exercise-induced cardiac arrhythmias. As originally re- 
ported,!? the electrocardiographic abnormalities in family 
S include the following: 


*(1) a progressive increase in atrioventricular conduction 
delay culminating in a complete heart block, (2) QRS com- 
plex normal in configuation and duration, (3) a normal QT 
interval, (4) a poor progression of R wave across the right 
precordium, (5) no evidence of intraventricular conduction 
defects, (6) no evidence of any cardiac chamber enlarge- 
ment, (7) rare atrial and ventricular arrhythmias, only late 
complications, and (8) progression from first degree to 
complete heart block usually gradual but occasionally ful- 
minant leading to sudden death within two to three 
years." 10 


Exercise-induced arrhythmias were defined as documented 
atrial and ventricular arrhythmias occurring during graded 
exercise tests. Arrhythmias at rest were defined as arrhyth- 
mias occurring in the resting state accompanied by electro- 
cardiographic evidence of atrial or ventricular ectopic ac- 
tivity, or both. Sinus bradycardia (rate less than 60 beats/ 
min) was documented by electrocardiogram. 

The occurrence of heart block in the S kindred was 
subjected to concordance analysis, and the results are listed 
in Tables I to III. 


Results 


The S kindred includes five major subdivisions. 
The first subdivision consists of 13 branches totaling 
1,067 members. To date, all examinations have been 
conducted in only three of these branches. Members 
of two of the branches have not displayed symptoms 
of the cardiac disease. One branch consists of 10 fam- 
ilies comprising 378 persons of whom 44 died prior to 
our study. Electrocardiograms have been recorded in 
255 of the 334 members (76 percent) of that branch 
who are still living. Among these 255 members, 87 (34 
percent) have an arrhythmia at rest, including sinus 
bradycardia, and 40 (16 percent) have a conduction 
defect as determined by electrocardiogram or by reli- 
able history. 

We have documented findings of regression as well 
as progression of the conduction defect in this disor- 
der. Specifically, one male subject (aged 18 years) 
had definite second degree heart block at one time 
and, 1 year later, his condition had reverted to first 
degree heart block. In three children (two 11 year old 
boys and one 8 year old girl) first degree heart block 
reverted to normal A-V conduction. In addition, in 
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TABLE | 


Parents in the S Kindred with Heart Block and Their 
Offspring: Pair Concordance (C) and Discordance (D) 
for Heart Block 


Affected Parent and Pairs (no.) 
Offspring Pairs C D Total 
Mother-offspring 16 42 58 
Mother-daughter 9 25 34 
Mother-son 7 17 24 
Father-offspring 11 34 45 
Father-daughter 3 16 19 
Father-son 8 18 26 
Parent-offspring 27 76 103 
Parent-daughter 12 41 53 


Parent-son 15 35 50 


TABLE II 


Individuals in the S Kindred with Heart Block and Their 
Siblings: Pair Concordance and Discordance for Heart Block 


Affected Females Affected Males 
C BD. Total. C D Total 
Siblings of 35 35 70 19 26 45 
affected females 
Siblings of 30 41 71 18 26 44 


affected males 


TABLE III 


Kin of Affected Members of S Kindred and Their 
Empiric Risks for Heart Block 





Kin of Affected Males 
in the S Kindred 


Kin of Affected Females 
in the S Kindred 





Kinship 

Category no. Empiric Risk no. Empiric Risk 
Daughters 34 0.26 19 0.16 
Sons 24 0.29 26 0.31 
Sisters 70 0.50 71 0.42 
Brothers 45 0.42 44 0.41 





an 11 year old boy oscillation between first degree 
heart block and normal A-V conduction has been ob- 
served for 4 years. 

Results of chest X-ray examination and coronary 
angiograms, performed in the proband and her simi- 
larly affected sister, were normal.!? In addition, no 
disorders known to be associated with abnormalities 
of the cardiac conduction system were found to occur 
in excess in members of kindred S. 


Heart Block, Concordance Analysis 


bad 


Table I lists the number of observed concordant 


and discordant pairs in parents with heart block and 
their offspring in the S kindred. The risks for heart 
block in the offspring of affected mothers belonging 
to the S kindred are 0.40 for daughters and 0.29 for 
sons. These frequencies are not significantly different 


from each other. The observed risks for heart block 


TD TT ewe rele 


; | in the offspring of affected fathers are somewhat dif- 


_ ferent from those observed in the offspring of af- 
_ fected mothers. The empiric risk for heart block in 


; daughters of affected fathers is 0.16, and that for sons 


. of affected fathers is 0.31. The risks differ according 


to sex of the offspring and sex of the affected parent, 


— but the differences are not statistically significant. 


Table II shows the distribution of concordance and 


_ discordance for heart block among affected members 
_ of the S kindred and their siblings, tabulated accord- 
_ ing to the sex of each affected member and the sex of 
. each sibling. The empiric risks for heart block in sib- 
- lings of affected members of the S kindred are as fol- 
. lows: for a female with an affected sister, 50 percent; 
_ for a female with an affected brother, 42 percent; for 


PAS 


. a male with an affected brother, 41 percent; and, for a 


. male with an affected sister, 42 percent. There is no 
— statistically significant difference associated with the 


per (s 


- sex of the sibling at familial risk or with the sex of 
. that individual's affected sibling. 


Table III shows the number of persons involved in 


each of the studied kinship categories, and the empir- 
. ic risks for the daughters, sons, sisters and brothers 
_ of members of the S kindred with heart block. 


e: FF 


Discussion 
Various cardiovascular disorders have been ob- 


served to be familial and some have been associated 
with simple genetic modes of transmission in certain 


_ kindreds. In the broad field of congenital heart dis- 
. ease, the reported incidence of risk in the general 
- population is typically 5 to 7 per 1,000 live births. 
< When a family already has one affected child, how- 
_ ever, the risk for subsequent offspring increases to 2 
_ to 4 percent. When two or more siblings are affected, 
_ the risk for subsequent offspring of the same parents 
approaches 5 to 8 percent.! Finally, when the broad 
category of congenital heart disease is subdivided 
- into specific categories, such as supravalvular aortic 
_ stenosis or the secundum variety of atrial septal de- 


fect, one encounters certain kindreds in which the 
defect is apparently transmitted by an autosomal 
- dominant gene with variable penetrance.2? Chromo- 
somal disorders, such as the G,-trisomy syndrome 
(associated with A-V defect or ventricular septal de- 
. fect) or Turner's syndrome (associated with coarcta- 
- tion of the aorta or aortic valvular stenosis‘), are fre- 
- quently associated with congenital heart defects. The 
- broad category of collagen vascular diseases,? such as 
_Marfan’s syndrome, Ehlers-Danlos syndrome and 
 Hunter's and Hurler's syndromes, are associated with 
"various congenital heart defects as well as disorders 
generally characterized as abiotrophies, such as dis- 
- secting aortic aneurysm (Erdheim’s cystic medial ne- 


crosis). Other categories include associations of cardi- 


ac defects with hereditary neurologic® and primary 


muscular? disorders; and associations of skeletal de- 
fects with cardiovascular disease such as those occur- 
ring in the heart-limb disorders found in autosomal 
dominantly inherited Holt-Oram syndrome showing 
association between upper limb abnormalities and 


TABLE IV 


Hereditary Cardiac Conduction Disturbances and 
Arrhythmias That Are Not Associated with Intracardiac 
Defects or Major Medical Disorders 





Mode of 


Disturbance Genetic Transmission 





1. Heritable Q-T prolongation with Autosomal recessive 
deafness'* (Jervell and Lange- 
Nielsen syndrome) 

2. Heritable Q-T prolongation 
without deafness!$ 

3. Possible progressive A-V block in 
a single family similar to S!? 

4. Prolonged P-R interval (single 
family)'* 

5. Intraventricular conduction 
defect and complete heart 
block’? 


Autosomal dominant 


Autosomal dominant 


Autosomal dominant 


Autosomal dominant 


6. Familial bundle branch block?? Autosomal dominant 

7. Familial atrial fibrillation?':?? Autosomal dominant 
and autosomal 
recessive 

8. Familial sinus node disease?? Possible autosomal 
dominant 


9. Familial heart block and sinus Autosomal dominant 
bradycardia?* 

10. Familial pure sinus bradycardia?$ 

11. Wolff-Parkinson-White syn- 
drome?* 

12. Familial cardiac arrhythmia?? 


(ectopic tachyarrhythmias) 


Autosomal dominant 
Autosomal dominant 


Autosomal dominant 





atrial septal defect. Familial occurrence of coronary 
artery disease has also been reported.? 

Hereditary cardiac conduction disturbances— 
modes of transmission: Since the initial report of 
familial conduction disturbance by Morquio,!! inves- 
tigators have described families with disorders in- 
volving the sinus node, atrioventricular conduction 
and the bundle of His and its branches. In general, 
the clinicopathologic features of these conditions in 
families have been specific. Genetic heterogeneity 
has frequently been encountered. Table IV lists car- 
diac conduction disturbances that have been re- 
ported to be genetically transmitted, either as specif- 
ic entities or as components of syndromes. 

A trait or character that can be dichotomized (for 
example, “affected” versus “not affected") may be 
subjected to comparisons of concordance rates ob- 
served in different pair categories. Such comparisons, 
by themselves, may not prove transmission according 
to a particular hypothesized genetic mode, but they 
can be utilized to determine whether the data reveal 
sex limitation, sex influence or sex linkage in trans- 
mission or manifestation of a trait. Concordance 
comparisons may also indicate whether the observa- 
tions are consistent with a particular hypothesized 
mode of genetic transmission. The concordance rate 
between pairs of affected parents and their offspring, 
for a trait associated with a single autosomal gene not 
showing sex influence, equals the product of the 


. probability for transmitting the gene to each off- 


spring and the gene’s penetrance. Accordingly, the 
data tabulated in Tables I to III are consistent with 
concepts that involve no sex influence or sex limita- 
tion in transmission or manifestation, and vertical 
transmission from parent to offspring. We suggest a 
Mendelian autosomal dominant mode of transmis- 
sion of diathesis to the conduction defect, with re- 
duced penetrance and somewhat variable expressiv- 
ity, as a working hypothesis of the etiology of the syn- 
drome in this remarkable kindred. This working hy- 
pothesis is consistent with the data showing empiric 
risks ranging from 0.16 to 0.50 (Table III), but the 
possibility of additional etiologic factors cannot be 
excluded. 

Comprehension of the natural history of the disor- 
der will require more investigation. The instances of 
regression of the defect, such as reversion from first 
degree heart block to normal A-V conduction in three 
of the children, cannot be explained at this time. 


Pathogenesis: The pathogenesis of this syndrome 
is unknown. Atherosclerosis, particularly of the coro- 
nary arteries, was not a striking finding in the two af- 
fected patients who underwent coronary arteriogra- 
phy.!° The heart (autopsy specimen) of one patient 
who died from this syndrome was examined by us. 
Unfortunately, because this patient died in an area 
remote from our medical center and we had not es- 
tablished prior communication with the pathologist 
who performed the autopsy, special studies of cardiac 
tissue were not performed. When we received the 
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specimen the right atrium was not present. However, 
in the remainder of the heart there was no evidence 
of significant coronary arterial atherosclerosis, heart 
muscle disease, valvular heart disease or infiltrative 
diseases. No clues could be obtained on the patholog- 
ic features contributory to this patient's sudden 
death, save that of clinical knowledge that he had a 
history of complete heart block. Cardiac biopsy spec- 
imens obtained from two sisters in Family S who un- 
derwent transthoracic pacemaker implantation 
showed no evidence of a disease process. 


Concluding Remarks 


The observed rates of pair concordance for heart 
block between affected parents in the S kindred and 
their offspring and the empiric risks for such mani- - 
festations showed small but not statistically signifi- 
cant differences (0.16 to 0.31) associated with the sex 
of the affected parent and the sex of the offspring. 
Smaller sex-related differences were observed in sib- 
ling pair concordance rates, which ranged from 0.41 
to 0.50. A tentative working hypothesis has been sug- 
gested, involving transmission of the diathesis for the 
disorder by means of a Mendelian autosomal domi- 
nant factor. The sex-related differences among the 
several parent-offspring concordance rates, the 
smaller sex-related differences among the several sib- 
ling-pair concordance rates, and the difference be- 
tween the parent-offspring and sibling-pair catego- 
ries limit full acceptance of this hypothesis, but do 
not negate it. 
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Left ventricular function and motion in 12 adults with an ostium secun- 
dum atrial septal defect were analyzed utilizing biplane cineangiogra- 
phy. Values for left ventricular end-diastolic volume index, stroke vol- 
ume index, ejection fraction, left ventricular end-diastolic pressure and 
mean rate of circumferential fiber shortening were compared with 
values in an age-matched group of 11 normal subjects. Comparisons of 
ventriculographic and echocardiographic data were also made in 5 pa- 
tients and 10 control subjects. Cardiac index was smaller in patients 
than in the normal subjects (3.6 vs. 4.5 liters/min per m?, P «0.01). 
Although left ventricular end-diastolic pressure was similar (8 mm Hg 
in both groups), the end-diastolic volume index was significantly small- 
er in patients than in normal subjects (56 vs. 76 ml/m?, P « 0.05). 
Stroke volume index was also significantly smaller in patients (40 vs. 
52 mi/m?, P <0.01). The two groups had similar values for ejection 
fraction (65 + 2 percent [standard error of the mean] in patients vs. 68 
+ 2 percent in normal subjects), circumferential fiber shortening ve- 
locity (1.67 + 0.13 vs. 1.81 + 0.15 circumferences/sec), heart rate 
(91 + 7 vs. 90 + 5 beats/min) and mean systemic arterial pressure 
(92 + 5 vs. 87 + 3 mm Hg). Early systolic bulging of the upper ventric- 
ular septum toward the right ventricle was seen in 10 of 12 patients 
with an atrial septal defect but in no normal subject. Echocardiograph- 
ic data supported these findings. No other abnormalities of motion 
were consistently noted. It is concluded that the left ventricle of pa- 
tients with an atrial septal defect is subnormal in volume and abnormal 
in sequence of contraction of the septum and is characterized by ap- 
parent decreased distensibility. 


Many investigators!-!? have concluded that dysfunction of the left 
ventricle may play a role in the pathophysiology of atrial septal de- 
fect. Although it is considered to figure prominently in the congestive 
heart failure that limits both life expectancy9-? and operative re- 
sults,5? the mechanism for this effect remains unknown. Cineven- 
triculography has not been utilized previously in a systematic manner 
to investigate the function of the left ventricle in patients with an 
atrial septal defect. In this study we emphasize ventriculographic and 
echocardiographic methods to gain further insight into this question. 


Methods 


Twelve adult patients with an ostium secundum atrial septal defect and 
without signs of cardiac failure were studied by cardiac catheterization while 
at rest. Selective or nonselective coronary angiography, performed in 11 of 
these patients, revealed normal coronary arteries. Data in these patients were 
compared with similarly obtained data in a group of 11 age-matched control 


TABLE | 
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Clinical and Hemodynamic Characteristics » 
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Age (Yr) Right Ventricle Left Ventricle Pulmonary Artery Aorta 
Case no. &Sex RAm LAm S ED S ED S D S D Qp/Qs 
Patients with Atrial Septal Defect 
1 40M 4 4 28 4 120 5 20 5 120 72 os la 
2 41M 3 5 55 6 145 12 55 20 145 75 3248 
3 49F 8 8 48 8 140 8 48 14 135 70 2.7:À A 
4 39F 2 2 20 4 110 10 20 4 100 64 2.4:1 © 
5 57F 10 10 90 20 160 10 90 35 160 100 1:195 
6 20M 4 4 35 8 = 7 21 4 138 78 1.8: E35 
7 40F 1 2 20 6 105 4 24 4 105 55 LAIS 
8 18F 6 3 37 6 126 8 27 10 126 70 3:1 
9 45F 0 2 18 0 90 6 16 4 95 50 3:1 
10 50F 4 Z 32 10 100 6 24 10 150 80 3.5:1 
11 44F 1 1 20 5 120 3 20 8 110 60 2.421 
12 29F 2 3 22 3 130 11 20 4 130 75 3.5: Eos 
M+SEM 43-2 420.9 5:+0.8 35:6 724 1A. 122 2:6° 8271 32+6 10+3 126+6 71:4 2.6:1 — 
Control Subjects 
1 41M 3 6 20 4 110 8 20 8 110 60 
2 49F I 10 28 0 80 10 24 12 80 50 
3 43F l = 16 0 135 10 16 2 135 75 
4 41M 4 c 20 4 115 4 22 12 130 80 
5 54M 2 = 18 0 137 12 18 4 137 74 
6 41M 10 10 36 12 120 10 32 16 120 90 
7 33M 2 = 24 0 100 8 22 8 100 60 
8 40M 2 a 20 2 110 6 18 8 110 60 
9 47F 1 = 30 5 118 5 18 4 118 70 
10 41M 0 - 20 7 107 4 20 9 107 78 
11 45M n - aE ze 125 8 16 4 125 70 
M+SEM 39: 3 320.9. 86 ¢ 2,3 2312 321.2 11445 8408 21:21] 8+ 1 11625) 66e a5 
P NS NS NS NS NS NS NS NS NS NS NS 


D = diastolic; ED = end-diastolic; LAm = mean left atrial; NS 


= difference between two groups not significant; M = mean; 


P = probability; Qp/Qs = ratio of pulmonary to systemic flow; RAm = mean right atrial; S = systolic; SEM = standard error of 


the mean. 


subjects who underwent cardiac catheterization for evalua- 
tion of a “chest pain syndrome” but were found to have no 
discernible cardiovascular disease. 

All subjects had right and left heart catheterization with 
pressures recorded through a fluid-filled catheter system 
with an Electronics for Medicine oscillographic recorder. 
Pulmonary and systemic flow data were measured by the 
Fick oxygen method. Biplane cineangiography (30° right 
anterior oblique and 60° left anterior oblique projections) 
was performed using Siemens radiographic equipment at a 
filming rate of 100 frames/sec after the injection of contrast 
material, most often into the left ventricle but occasionally 
into the left atrium or pulmonary artery. Ventricular vol- 
ume and mass were determined by a modification of the 
method of Dodge et al.!! Premature ventricular contrac- 
tions and the beats following them were excluded from 
analysis. Ejection fraction was defined as the ratio of stroke 
volume to end-diastolic volume, as determined by angiog- 
raphy. Percent shortening of the major and minor axes was 
measured in both the right anterior oblique and left anteri- 
or oblique views. Angiographic cardiac index was deter- 
mined for the left ventricle. The mean rate of circumferen- 


tial fiber shortening was measured using a modification of 
the method of Gorlin et al.!? and Karliner et al.!? The mean 
rate of circumferential fiber shortening was measured in 
both the right anterior oblique and left anterior oblique 
projections at both one half and one third the distance 
from the base to the apex. 

The motion of the interventricular septum as deter- 
mined with ventriculography was compared with the echo- 
cardiographic analysis of septal motion in 5 patients with 
an atrial septal defect and in 10 control subjects. Echocar- 
diograms were obtained using a nonfocused transducer, 
2.25 megahertz, 13 mm diameter, and a Unirad Series C ul- 
trasonoscope with a Tektronix strip chart recorder. 

Results 

The clinical and hemodynamic characteristics of 
the two study groups are summarized in Table I. 
These groups were essentially age-matched. Female 
subjects predominated in the group with an ostium 
secundum atrial septal defect^!* and male subjects in 
the group with chest pain. No significant difference 
in pressures was noted between the two groups. 
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— Left ventricular cardiac output and volumes: 
. Figure 1 shows comparisons of angiographically de- 
. termined cardiac index and its component parts, the 
 angiographic stroke volume and simultaneously de- 
_ termined heart rate. The mean cardiac index in the 
group with atrial septal defect was significantly lower 
than in the normal group (3.6 vs. 4.5 liters/min per 
 m?, P «0.01). The heart rates were essentially the 
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same. The patient group had a significantly lower 
value for stroke volume than the normal group (41 vs. 
52 ml/m?, P <0.01). These results were unaffected by 
data from two patients with an atrial septal defect 
who had sinus tachycardia and reduced stroke vol- 
ume. 

Figure 2 compares the angiographic volumes in the 
two groups. The mean end-diastolic volume index 


FIGURE 1. Comparisons of angiographically de- 
termined cardiac index, heart rate and stroke 
volume index in normal subjects and the 10 (of 
12) patients with atrial septal defect (ASD) in 
whom quantitative calibration of the ventriculo- 
gram was available. N.S. — not significant; p — 
ASD probability. 


FIGURE 2. Angiographic end-diastolic and end- 
systolic volume indexes in normal subjects and 


in the 10 patients with atrial septal defect and 
| OE RNC AY SES calibrated ventriculograms. Ejection fractions 
NORMAL ASD were compared in all subjects in the series. 


FIGURE 3. Left ventricular end-diastolic pres- 
sures, mean rate of circumferential (CIRC.) fiber 


| shortening, and mean systolic systemic arterial 
0 pressures in normal subjects and patients with 
NORMAL ASD an atrial septal defect (ASD). 


was significantly less in the patients with an atrial 
septal defect than in the normal subjects (59 vs. 75 
ml/m?, P <0.05). However, values for both end-sys- 
tolic volume index and ejection fraction were similar. 

Determinants of left ventricular volumes: 
There was no statistically significant difference be- 
tween the two groups in left ventricular end-diastolic 
pressure, mean systolic arterial pressure or mean rate 
of normalized circumferential fiber shortening mea- 
sured in either projection or either chord (see Meth- 
ods) (Fig. 3). 

Regional ventricular shortening: There was no 
significant difference in the degree of shortening of 
any axis except the major axis in the left anterior 
oblique view (Fig. 4). 

Motion analysis of the interventricular sep- 
tum: In all subjects, the first motion of the interven- 
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FIGURE 4. Comparison of the degree of shortening of all 
major and minor axes in both right anterior oblique (RAO) 
and left anterior oblique (LAO) projections in normal 
subjects and patients with an atrial septal defect (ASD). 
The ventricular silhouettes illustrate the particular chords 
being measured. 


NORMAL 


FIGURE 5. Representative outlines of the ventricle in 
the left anterior oblique view illustrating septal motion 
during systole for both normal subjects and patients 
with an atrial septal defect (ASD). Arrows indicate di- 
- rection of movement of a particular area. 


END DIASTOLE 


tricular septum during systole was an anterior move- - 
ment of its uppermost portion away from the posteri- 
or left ventricular wall (Fig. 5). This occurred within © 
approximately 0.05 second of the initiation of systole. - 
In the normal group, this was followed by uniform in- 
ward motion of all ventricular walls, including the 
septum, throughout the rest of the systole. However, 
in 10 of the 12 patients with an atrial septal defect, 
this initial anterior movement of the uppermost sep- 
tum was followed not by inward contraction but rath- 
er by temporary akinesia while an area more distal to 
it began bulging anteriorly. This last abnormal mo- - 
tion was more pronounced in some patients than in- 
others. In the last phases of systole, uniform inward 
contraction occurred in the group with atrial septal 
defect so that the end-systolic ventricle became simi- - 
lar in size and shape to that seen in the control group > 
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(Fig. 5). One of the two patients with an atrial septal 
defect who exhibited entirely normal septal motion 
had a balanced shunt and pulmonary hypertension. 
Ventriculographic-echocardiographic  corre- 
lations: Septal motion as analyzed with angiography 
was compared with septal motion determined with 








FIGURE 6. Representative echocardiograms from a 
normal subject and a patient with an atrial septal de- 
fect (ASD). Arrows indicate the initiation of movement 
of a particular surface. The recording speed used in 
the normal example is greater than that used in the 
yos echocardiogram from the patient with the septal de- 
fect. The latter example illustrates ''reverberation.''?" 


ble output only at the expense of elevation of its end- 
diastolic pressure. When right ventricular failure oc- 
curs, it results in a decreased stroke volume that 
leads to an increased residual volume. This increased 
right ventricular residual volume leads to reduced 
right ventricular compliance relative to left ventricu- 


echocardiography (Fig. 6). All 11 control subjects had 
‘normal echocardiographic septal motion, with the 
ventricular septum beginning posterior movement 
nearly simultaneously with the initiation of anterior 


lar compliance. Since the direction of the shunted 
blood is determined not by a pressure gradient but 
rather by a difference in relative resistances to flow, 
right ventricular failure leads to a decreased left to 


movement by the posterior left ventricular wall. All 
five of the patients with an atrial septal defect who 
had echocardiograms performed manifested abnor- 
mal septal motion, in that the septum did not begin 
movement simultaneously with the posterior wall. 
Figure 6 illustrates one of several variations (type A 
as well as type B of septal motion abnormality).!5-18 
All five of these patients had the abnormal angio- 
graphic septal motion described. Neither of the two 
patients with an atrial septal defect and normal angi- 
ographic septal motion underwent echocardiography. 


Discussion 


Pathophysiology of atrial septal defect: In 1956 
Dexter! explained the clinical manifestations of atrial 
septal defect in terms that have become the accepted 
pathophysiologic basis of the disorder. Summarizing 
not only his own earlier work but also that of several 
others,!?-?? he stated that when an atrial septal de- 
fect is large (more than 3 cm?), pressures during dias- 
tole are essentially identical in both atria and in both 
ventricles. Second, although left ventricular stroke 
output remains essentially the same over wide ranges 
of left ventricular end-diastolic pressure, right ven- 
tricular stroke output can be large or small at any 
given level of right ventricular end-diastolic pressure. 
He interpreted this to mean that at high levels of 
end-diastolic pressure the left ventricle is malfunc- 
tioning since it does not increase its output pari 
passu. Thus, the failing left ventricle maintains a sta- 


right shunt and ultimately to right to left shunting 
and cyanosis. Left ventricular failure, on the other 
hand, leads to increased diastolic pressure and there- 
fore to bilaterally increased atrial pressure and con- 
sequently to signs and symptoms of “right heart" 
congestive failure. 

Dexter was unable to explain why the left ventricle 
should fail in these patients, who do not have in- 
creased left ventricular volume or pressure work. 
Some patients studied had conditions, including hy- 
pertension, mitral regurgitation and atrial fibrilla- 
tion, that might be associated with left ventricular 
failure, but these were of mild degree and could not 
fully explain the failure. Tikoff et al.5 substantiated 
Dexter's analysis and observed that the incidence of 
heart failure increased with age. Other investigators 
found evidence of left ventricular failure during post- 
operative evaluations but their findings were difficult 
to separate from the possible influences of operation. 
For example, Davies et al* reported on seven pa- 
tients studied because of persistence of symptoms 
postoperatively; all had elevation of pulmonary capil- 
lary wedge or left ventricular end-diastolic pressure, 
or both. 

Tikoff et al.? described 13 patients with atrial sep- 
tal defect who had preoperative heart failure as de- 
fined by clinical signs or the presence of a right atrial 
pressure greater than 8 mm Hg and, thus, bilaterally 
increased atrial pressure. When these patients were 
studied 5 months to 10 years after operation, only 


one had completely normal hemodynamic findings 
and only four had marked reduction of symptoms 
after septal closure. 

Left ventricular dysfunction in atrial septal 
defect: From these studies, one might conclude that 
some patients with an atrial septal defect have dam- 
age to the left ventricle that may persist after closure 
of the defect and cause symptoms. One still does not 
know the etiology of the process or how commonly it 
occurs in any total population of patients with atrial 
septal defect. 

Epstein et al.?3 recently described 12 asymptomat- 
ic adult patients who had an atrial septal defect 
closed surgically. These patients were studied 6 to 15 
months postoperatively while performing upright ex- 
ercise. Although hemodynamic values were essential- 
ly normal at rest, during intense upright exercise 7 of 
the 12 patients had a lower cardiac index than a 
group of age-matched control subjects (6.6 vs. 8.9 li- 
ters/min per m?). In these patients heart rate, but not 
stroke volume, was increased appropriately. Their re- 
port suggests that left ventricular dysfunction may 
be present subclinically after operation even in 
asymptomatic patients. However, since the study was 
performed postoperatively, it is not helpful in defin- 
ing the etiology of the dysfunction. 


also found by Epstein et a1.?3). The decreased stroke . 
volume is due to a decreased end-diastolic volume - 
with a normal ejection fraction. Attempts to define - 
further this apparent disorder of cardiac autoregula- — 
tion have yielded evidence of (1) normal afterload 
(systemic arterial pressure), (2) unchanged contrac- 
tility during ejection (mean rate of circumferential 
fiber shortening and ejection fraction), and (3) nor- . 
mal heart rate. 

The only abnormality among the indexes of con- 
tractility that we measured was the degree of short- - 
ening of the major axis in the left anterior oblique — 
view. This axis shortened less in patients with an | 
atrial septal defect than in normal adults. However, - 
the degree of shortening in this axis may not be com- . 
parable in these two groups. Enlargement of the right | 
ventricle is known to cause rotation of the heart so as — 
to push the left ventricle posteriorly!?; this change — 
would so alter the left anterior oblique view of the - 
left ventricle that the chord connecting the aortic | 
valve with the “apex” might no longer measure a sim- — 
ilar dimension as in normal subjects. uS 

The coexistence of a decreased left ventricular 
end-diastolic volume and a normal left ventricular . 
end-diastolic pressure is abnormal. This alteration in - 
end-diastolic volume-pressure relation suggests that - 


On the other hand, Flamm et al.!? studied a group 
of 25 adults with an atrial septal defect before opera- 
tion both at rest and upon exercise. Ten of these pa- 


the left ventricle may be less distensible than normal. . 
To test this possibility further, low molecular weight © 
dextran was given to a patient with atrial septal de- 


tients had clinical evidence of congestive heart failure 
at rest and another seven had evidence of dysfunc- 
tion of the right or left ventricle, or both, with exer- 
cise. Left ventricular function was considered abnor- 


fect not included in this series. Administration of 500 
ml of 10 percent dextran (weight/volume) in 5 per- 
cent dextrose in water produced a 100 percent in- 
crease in left ventricular end-diastolic pressure (from 


6 to 12 mm Hg) associated with a minimal, if any, in- - 
crease in end-diastolic volume index (59 to 61 ml/. 
m?). Although the magnitude of change in the left 


mal if the following were present: (1) left ventricular 
end-diastolic pressure greater than 16 mm Hg at rest 
or during exercise, (2) an increase during exercise in 


systemic cardiac output by less than 550 ml/min for 
each 100 ml/min increase in oxygen consumption, or 
(3) a decrease in left ventricular stroke volume from 
rest to exercise associated with an increase in left 
ventricular end-diastolic pressure. Right ventricular 
function was considered abnormal if the right ven- 
tricular stroke volume decreased from rest to exercise 
in association with an increase in right ventricular 
end-diastolic pressure. On the basis of these defini- 
tions, Flamm et al. found no instances of left ventric- 
ular failure unassociated with right ventricular fail- 
ure. Further, there were eight instances of normal 
function of both ventricles. They concluded that the 
left ventricle of these adult patients with an atrial 
septal defect was generally normal before operation 
and failed only as a result of right ventricular failure. 

Manifestations and cause of left ventricular 
dysfunction: In our studies of adults with various 
sizes of atrial septal defect we have shown evidence 
that the left ventricle is not entirely normal in its 
performance or in its morphologic characteristics. 
These patients are characterized by a presumably 
chronically low systemic cardiac index due to a de- 
crease in stroke volume rather than in heart rate (as 


ventricular end-diastolic pressure is not abnormal,”4 
the discrepancy between change in pressure and vol- 
umes implies that the left ventricle is less distensible 
than normal at end-diastole. 

Decreased distensibility might compromise the 
ability to increase the preload to the ventricle and 
thus contribute to the low systemic cardiac index. 
However the difficulty in adjusting preload may be 
due simply to the interatrial shunt’s ability to limit 
the volume reaching the left ventricle. We were un- 
able in this study to define the relation of these two 
possibilities. Nevertheless, the presence of a low sys- 
temic cardiac output should ordinarily stimulate 
some kind of compensatory mechanism to drive the 
output toward normal. For example, why is there not 
an increase in venous filling, reduction in systemic 
impedance or increase in heart rate to compensate 
for the small left ventricular output? Possible expla- 
nations might include a disorder of neural control, or 
perhaps the existence of pulmonary volume receptors 
capable of overriding the systemic circuit’s signals 
because of increased flow in the pulmonary vascula- 
ture. The results of Epstein et al.?? show that the lim- 
itation on cardiac output response to exercise after 


"1 - 


^ 

: 
[Im 
" 


n 
- 
^ 


An 
T] 
- 
S 
Gus 

|? - 


pas 


b 2 E. 
$ 


; surgical closure of the atrial septal defect is secon- 
dary to an inability to increase stroke volume. This 
observation implies that the left ventricle itself is 


..— central to this disorder of hemostasis. 
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Causes of decreased left ventricular distensi- 
bility: If, in fact, the left ventricle has decreased dist- 


.. ensibility, what is the cause? It has been suggested! 
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that the encroachment of a hypertrophied septum 


ered 


into the left ventricular cavity might interfere with 
left ventricular filling. This has been referred to as a 


_ “reversed Bernheim's syndrome.” In two patients 


_ with atrial septal defect, Harken is said! to have pal- 


vx » 
* ` 
et 
E 
e» 
» 
y 
M C 
x 
"M 
LM 
i 7 


HE Y 
f. 


‘a a 
N YN 
e 


n 


pated the cavity of the left ventricle during explora- 
tory cardiotomy and found that the septum obliterat- 


ed the cavity. Although no further investigation of 
. the possibility has been reported, echocardiographic 


analysis of our cases revealed no such obliteration. 
Furthermore, septal thickness was normal by echo- 


 cardiography (average 9 mm compared with accepted 


.. normal values of 9.7 mm).?° 
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= Coexistent coronary artery disease might produce ` 
a less distensible left ventricle. None of these pa- 


tients had discernible coronary arterial obstruction. 


Additionally, no abnormality of left ventricular mo- 
tion was observed except for that involving the sep- 
tum (Fig. 5). This abnormality of septal motion seen 


in angiograms correlates well with the abnormality 


_ observed in echocardiograms. 


Finally, an increased left ventricular mass or thick- 


. ness could produce such a postulated decrease in dis- 
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tensibility. Left ventricular thickness is hard to as- 
certain by angiography in the presence of right ven- 
tricular enlargement. However, biventricular angiog- 
raphy allows definition of each ventricular outline 
and thus an estimation of left ventricular wall thick- 
ness separate from that of the right ventricle. Left 
ventricular mass so determined in three patients was 
decreased with respect to both body size and left ven- 
tricular volume.” Echocardiographic analysis of pos- 
terior left ventricular wall thickness in another three 
patients revealed normal findings (average 10 mm, 
normal 9.1 + 0.9 [standard deviation] mm).25 Even 
from these small numbers of observations, one can 
state that left ventricular mass is not increased above 
normal. 

Thus, it seems that none of these possibilities ade- 
quately explains the existence of decreased left ven- 
tricular distensibility. One might hypothesize that 
lifelong lack of normal stretch induced by normal fill- 
ing might lead to a less elastic left ventricle. 

In conclusion, the presence of abnormal indexes of 
left ventricular function in these patients suggests 
that left ventricular dysfunction may be a common 
finding in adult patients with an atrial septal defect. 
The superimposition of a mild degree of such stresses 
as hypertension, age, atrial fibrillation or mitral re- 
gurgitation might then result in clinical heart failure. 
There is abundant evidence that this disorder of left 
ventricular function persists after the atrial septal 
defect is surgically closed. 


References 


in right ventricular volume overload. An echocardiographic 
study. Am J Cardiol 30:349—353, 1972 

16. Diamond MA, Dillon JC, Haine CL, et al: Echocardiographic 
features of atrial septal defect. Circulation 43: 129-137, 1971 

17. Graham TP, Jarmakani JM, Canent RV Jr: Left heart volume 
characteristics with a right ventricular volume overload. Circula- 
tion 45:389-396, 1972 | 

18. Tajik AJ, Gau GT, Ritter DG, et al: Echocardiographic pattern 
of right ventricular diastolic volume overload in children. Circula- 
tion 46:36—49, 1972 

19. Barger JD, Edwards JE, Parker RL, et ak: Atrial septal defect: 
presentation of a case with obstructive pulmonary vascular le- 
sions caused by metastatic carcinoma. Proc Staff Meet Mayo 
Clin 23:182-192, 1948 

20. Hull E: The cause and effects of flow through defects of the 
atrial septum. Am Heart J 38:350—360, 1949 

21. Dow JW, Maloney JV: Dynamics of experimental atrial septal 
defect (abstr). Am J Med 10:235, 1951 

22. Dow JW, Dexter L: Circulatory dynamics in atrial septal defects 
(abstr). J Clin Invest 29:809, 1950 

23. Epstein SE, Beiser GD, Goldstein RE, et al: Hemodynamic ab- 
normalities in response to mild and intense upright exercise fol- 
lowing Operative correction of an atrial septal defect or tetralogy 
of Fallot. Circulation 47:1065-1075, 1973 

24. Sanghvi VR, Khaja F, Mar AL, et al: Effects of blood volume 
expansion on left ventricular hemodynamics in man. Circulation 
46:780-787, 1972 

25. Henry WL, Clark CE, Epstein SE: Asymmetic septal hypertro- 
phy: echocardiographic identification of the pathognomonic an- 
atomic abnormality of IHSS. Circulation 47:225-233, 1973 

26. Dodge HT, Baxley WA: Left ventricular volume and mass and 
their significance in heart disease. Am J Cardiol 23:528-537, 
1969 

27. Feigenbaum H: Echocardiography. Philadelphia, Lea & Febiger, 
1972, p 14-15 ; 


Phasic Left Ventricular Blood Velocity Alternans in Man 


KENNETH B. DESSER, MD, FACC With use of the Doppler ultrasonic flowmeter catheter, phasic instanta- _ 
ALBERTO BENCHIMOL, MD, FACC neous left ventricular blood flow velocity was measured by radiotelem- — 
etry in 28 subjects during pacemaker-evoked pulsus alternans. Blood — 
velocity alternation was more manifest at faster pacing rates. Four pa- # 
tients demonstrated diastolic blood velocity alternans at the mitral - 
valve. Discordant right heart pressure and left ventricular blood veloci- — 
ty alternation was recorded in three subjects. In one such patient, rate- - 
related shifts of concordant and discordant left ventricular blood veloc- - 
ity alternans occurred. Intermediate or variant forms of alternation, — 
comprising weak and strong beats in a ratio of 2:1, were noted in two - 
subjects. red 

This study provides the first comprehensive description of left ven- 
tricular blood velocity alternans in man. The observed phenomena may 
be related to an altered inotropic state or to beat to beat variations in 
end-diastolic fiber length. 


Phoenix, Arizona 


Pulsus alternans is a well recognized physical sign of underlying car- 
diac dysfunction. Most studies of pulsatile alternation have been per- 
formed utilizing direct or indirect pressure measurements,’ left ven- - 
tricular volume estimation? and the assessment of various indexes of 
myocardial contractility.2 Furthermore, aortic or peripheral arterial 
blood velocity alternation has been recorded in a few patients with 
compromised left ventricular function* and in some normal subjects 
during rapid cardiac pacing.? - 

A recent study from this laboratory has demonstrated the feasibil- 
ity of directly measuring blood cell velocity in the left ventricle of 
conscious man by means of Doppler catheter velocimetry. We de- 
scribe here initial observations of left ventricular blood velocity alter- 
nation in human subjects. = 


Material and Method 


Twenty-eight subjects composed the study group. There were 25 men and - 
3 women whose ages ranged from 17 to 73 years (mean 54). Twenty-one pa- - 
tients had coronary artery disease, three had hypertension, three had no evi- - 
dence of cardiovascular abnormality and one had primary cardiomyopathy. - 
The three normal subjects were studied because of the presence of chest pain | 
or systolic murmurs that were originally thought to represent heart disease. — 
All diagnoses were established on the basis of complete right and left heart 
catheterization, selective coronary cineangiography and indicator-dilution 
curves. Studies were performed with subjects in the postabsorptive state in 
the supine position. After informed consent was obtained, the right brachial 
artery and a medial antecubital vein were surgically exposed using local anes- 
thesia (1 percent lidocaine). A saline-filled no. 7 or 8 Zucker bipolar pacing - 
catheter was introduced into the vein and advanced to the right heart cham- 
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uscript accepted January 3, 1975. | bers for the purpose of obtaining pressures or elective right atrial and ven- - 
Address for reprints: Alberto Benchimol, MD, tricular pacing. Pressures were measured by connecting the catheter to a Sta- 
Good Samaritan Hospital, P.O. Box 2989, Phoe- tham P23Db strain gauge transducer. Pacing was performed with a Cordis 


nix, Ariz. 85062. Synchrocor pacemaker. | 
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... FIGURE 2. Simultaneously recorded lead II (L Il) of the electrocardio- 
. gram, tricuspid area (TA) phonocardiogram, right ventricular pres- 
.. Sure (RV PRESS.) and phasic left ventricular blood velocity at the mi- 
e tral valve of a 61 year old woman with primary cardiomyopathy. 
- Even-numbered QRS complexes (2 and 4) result in higher peak lev- 
els of systolic and diastolic mitral valve blood velocity during right 
.. ventricular pacing. Note the concordant peak systolic right ventricu- 
- lar pressure alternation. PI = pacing impulse; other abbreviations as 
-in Figure 1. 
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FIGURE 1. Simultaneously recorded lead Il (L Il) of the 
electrocardiogram, right atrial pressure (RA PRESS.) 
and left ventricular (LV) outflow tract blood velocity 
(VELOC.) in a 48 year old man with coronary artery 
disease. During sinus rhythm (left panel) and right atri- 
al pacing (RA PACE) at a rate of 85/min, (middie 
panel) peak levels of left ventricular blood velocity are 
stable. Progressive cardioacceleration (right panel) 
results in classic "high-low" alternation of blood veloc- 
ity. The percent difference between peak velocity lev- 
els of strong and weak beats is greatest when the 
pacing rate is increased rapidly. A = atrial;-D = dia- 
stolic; PA = pacing stimulus artifact: S = systolic. 


Phasic instantaneous left ventricular blood velocity was 
measured by radiotelemetry utilizing a Doppler flowmeter 
catheter. Details concerning the method for such measure- 
ment have recently been described® and can be summa- 
rized as follows: The crystal-tipped catheter is passed from 
the brachial artery to the aorta and advanced across the 
aortic valve into the left ventricle under constant fluo- 
roscopic image intensification. On the basis of the anatomic 
site of measurement, three major patterns of left ventricu- 
lar blood velocity could be distinguished: outflow tract, 
major systolic ejection wave with smaller diastolic wave; 
midcavity, biphasic or triphasic blood velocity wave forms; 
and mitral valve, dominant pandiastolic wave followed bya 
small systolic component. All blood velocity signals, lead II 
of the electrocardiogram, right heart pressures, and in a few 
cases the apex cardiogram, phonocardiogram or external 
carotid pulse tracing, were simultaneously recorded on a 
DR-12 Electronics for Medicine oscilloscopic-photographic 
recorder. 

In 23 cases left ventricular blood velocity alternans oc- 
curred during the course of right heart pacing at different 
driving rates. In the remaining subjects, catheter-evoked 
right ventricular premature depolarizations were electively 
introduced during cardiac pacing, thereby resulting in 
postextrasystolic blood velocity alternation. 


Results 


Critical right atrial or ventricular driving rates re- 
quired for appreciable left ventricular blood velocity 
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. FIGURE 3. Simultaneously recorded lead II (L Il) of the electrocardiogram, tricuspid area (TA) phonocardiogram, right ventricular pressure (RV 
-. PRESS.) and left ventricular outflow tract blood velocity during right ventricular pacing in a 30 year old man with coronary artery disease. At a 
2 driving rate of 120/min (second panel from left), discordant alternation occurs. A pacing rate of 140/min (third panel) results in right ventricular 
- pressure alternans without concomitant left ventricular blood velocity alternation. Concordant alternation of left ventricular blood velocity and 
. right ventricular pressure unexpectedly occurs at a driving rate of 150/min (fourth panel). CONCORD = concordant; DISCORD = discordant: 
_LVFV ALT = left ventricular flow velocity alternans; LV = left ventricular: OUTFL. = outflow; PA = pacing stimulus artifact; RV PAC. = right 


. ventricular pacing; VEL. = velocity. 
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alternation in 23 subjects ranged from 100 to 160 
beats/min. In the vast majority of cases (19 of 23), 
outflow tract blood velocity alternans of a classic 
“high-low” nature was more manifest when the heart 
rates were increased rapidly (Fig. 1). All four patients 
in whom inflow tract blood velocity was recorded at 
the mitral valve manifested high amplitude diastolic 
blood velocity waves followed by low amplitude sys- 
tolic blood velocity waves for each series of alternat- 
ing beats. In one of these subjects, concordant peak 
right ventricular pressure alternans was simulta- 
neously recorded during right ventricular pacing 
(Fig. 2). When the flow velocity catheter tip was 
withdrawn from the mitral valve to the outflow tract 
position it was noted that the low and high amplitude 
systolic blood velocity waves in the inflow tract corre- 
lated with similar systolic alternation at the site of 
the outflow tract. Such correlation was facilitated by 
noting the relation of the respective blood velocity 
wave forms to alternate QRS complexes on a simulta- 
neously recorded electrocardiogram during cardiac 
pacing and withdrawal of the Doppler catheter. 
Discordant alternation: Recordings obtained 
from three patients demonstrated discordant right 
ventricular or pulmonary arterial peak pressure alter- 
nans; that is, a low peak systolic left ventricular out- 
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flow tract blood velocity wave was inscribed at the 
same time as the higher right ventricular or pulmo- 
nary arterial pressure. One subject displayed an un- 


usual variation of discordant biventricular alternans. 


At lower right ventricular driving rates discordant 
peak left ventricular outflow tract blood velocity and 
right ventricular pressure alternation occurred. Dur- 
ing more rapid pacing rates the left ventricular blood 
velocity and right ventricular pressure recordings 
were in phase, with resulting concordant high-low al- 
ternation (Fig. 3). When the pacing rate was reduced 
within a short period of time, a transition from con- 
cordant to discordant alternation was observed (Fig. 
4). 
Combined electrical and blood velocity alter- 
nans: Two subjects manifested combined electrocar- . 
diographic and left ventricular blood velocity alter- _ 
nation. In one, a catheter-evoked premature ventric- 
ular depolarization produced a period of postex- 
trasystolic electromechanical alternans. Higher am- 
plitude QRS complexes resulted in ventricular con- 
tractions that produced reductions in left ventricular 
outflow tract blood velocity and right ventricular 
pressure and smaller deflections in the external ca- 
rotid pulse tracing (Fig. 5). In the second patient, a 
pacemaker-induced episode of ventricular tachycar- 
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FIGURE 4. Simultaneously recorded lead II (L Il) of the electrocardiogram, tricuspid area (TA) phonocardiogram, right ventricular pressure (RV 
PRESS.) and left ventricular outflow tract blood velocity during a decreasing ventricular pacing rate in a 30 year old man with coronary artery dis- 
ease. The first seven QRS complexes are associated with concordant right ventricular pressure and left ventricular blood velocity alternans. The 
eighth and ninth beats result in two peak left ventricular blood velocity waves of equal magnitude, while right ventricular pressure alternans con- 
tinues. The 10th through 16th beats produce discordant biventricular alternation. Note that the alternans is more prominent during the faster 
heart rate. PAC. OFF = pacing discontinued; other abbreviations as in Figure 3. 
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FIGURE 5. Simultaneously recorded lead Il (L Il) of the 
electrocardiogram, tricuspid area (TA) phonocardio- 
gram, external carotid arterial pulse tracing (CT), right 
ventricular pressure (RV PRESS.) and phasic left ven- 
tricular outflow tract blood velocity during right ventric- 
ular pacing in a 52 year old man with coronary artery 
disease. A catheter-evoked ventricular premature de- 
polarization (beat 4) results in postextrasystolic elec- 
tromechanical alternation. Note that the QRS com- 
plexes of greater amplitude (6 and 8) are associated 
with smaller deflections in the carotid pulse tracing, 
lesser peak right ventricular pressures and lower left 
ventricular outflow tract blood velocity waves. Abbre- 
viations as in Figure 3. 
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os FIGURE 6. Simultaneously recorded lead II (L Il) of the electrocardiogram, tricuspid area (TA) phonocardiogram, apex cardiogram (ACG), right 

.. ventricular pressure (RV PRESS.) and left ventricular blood velocity at the mitral valve of a 66 year old man with coronary artery disease. Total 
. electromechanical alternans commences with the fourth QRS complex of a pacemaker-induced episode of ventricular tachycardia. Alternating 

_ QRS complexes of greater positive polarity are associated with a broader peak plateau in the apex cardiogram, greater right ventricular pres- 
_ Sure and larger systolic and diastolic blood velocity waves at the mitral valve. Abbreviations as in Figure 3. 
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. FIGURE 7. Simultaneously recorded lead II (L Il) of the electrocardiogram, tricuspid area (TA) phonocardiogram, right ventricular pressure (RV 
.. PRESS.) and left ventricular outflow tract blood velocity in a 53 year old man with coronary artery disease. Rapid right ventricular pacing (rate 
.. 140/min) results in three periods of variant biventricular alternation. Lower peak right ventricular pressures and peak left ventricular blood veloc- 
- ity waves alternate with beats of greater amplitude in a ratio of 2:1 (that is, every third beat manifests greater amplitude of pressure and blood 
. velocity). The alternation is terminated by a ventricular premature beat (VPB). LV = left ventricular; PI = pacing impulse; VELOC. = velocity. 


FIGURE 8. Simultaneously recorded 

lead Il (L Il) of the electrocardiogram, 

right heart pressures and left ventric- 

ular blood velocity in a 40 year old 

man with coronary artery disease. 

Right panel shows midcavity blood 

velocity during right ventricular pacing 
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SINUS RHYTHM | sult in right ventricular pressure and 
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HER CUBA E ELE EI 13 demonstrate classic ''high-low" 
| b | LINE EI G | concordant alternation of pressure 
and systolic blood velocity. Peak dia- 

stolic (D) blood velocity waves remain 
relatively stable throughout the re- 
cording. Note that the highest peak 

S systolic (S) blood velocity and right 
ventricular pressure waves are asso- 

| ciated with more prominently notched 
| QRS complexes. LV = left ventricu- 
lar; PA = pacing stimulus artifact; 

PACE = pacing; PRESS. = pressure; 
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dia effected alternation of the apex cardiogram, right 
ventricular pressure and left ventricular blood veloci- 
ty at the mitral valve (Fig. 6). 

Variant blood velocity alternans: Intermediate 
variations of phasic left ventricular blood velocity, 
unrelated to respiration, were observed in two pa- 
tients. Low blood velocity waves alternated with high 

blood velocity waves in a ratio of 2:1. In one such pa- 
. tient, this was the only form of alternation observed 
and variation of peak blood velocity occurred inde- 
pendently of any identifiable atrial contractions dur- 
ing the course of ventricular pacing. In addition, 
there was concordant 2:1 right ventricular pressure 
alternans (Fig. 7). One 40 year old man with coronary 
artery disease manifested an unusual variant of left 
ventricular blood velocity alternation (Fig. 8). A sus- 
tained period of alternation composed of low and 
high amplitude biventricular systolic beats in a ratio 
of 2:1 abruptly evolved into classic “high-low” alter- 
nans. At the same time, those beats of greatest ampli- 
tude were generated by QRS complexes with promi- 
nent notching. 


Discussion 


This report represents the first comprehensive de- 
scription of blood velocity alternation within the left 
ventricle of man. Continuous measurements of aor- 
tict and peripheral arterial? blood velocity waves in 
patients during natural and pacemaker-evoked ar- 
rhythmias have demonstrated that larger pulse am- 
plitudes during the course of pressure alternation 
were associated with greater peak blood velocity in 
these vessels. The results described here indicate that 
these beat to beat fluctuations of blood flow are 
based on alternating levels of blood cell velocity with- 
in the left ventricle. Accentuation of left ventricular 
blood velocity alternans during increasing heart rate 
can be ascribed to greater disparity in end-diastolic 
fiber lengths?" or differences in inotropic state? dur- 
ing cardioacceleration. 

Blood velocity alternans in the left ventricular 
inflow tract: Of interest was alternation of the blood 
flow velocity recorded in the left ventricular inflow 
tract at the mitral valves of four subjects. Stronger 
beats produced both larger systolic and strikingly 
greater diastolic inflow tract blood velocity waves. 
'The larger systolic waves represented forward ejec- 
tion velocity at the mitral valve, sensed by the crys- 
tal-tipped catheter. On the other hand, augmented 
diastolic waves during ventricular pacing in the ab- 
sence of coordinated atrioventricular contraction, 
suggested either changing mitral valve areas, more 
rapid diastolic left ventricular expansion or greater 
left ventricular relaxation?" after stronger beats of 
pulsus alternans. This study did not determine the 
mechanism responsible for this phenomenon, and 
further investigation of alternating levels of left ven- 
tricular filling velocity appears warranted. 

Biventricular alternans: Concordant aortic 


blood velocity, right ventricular pressure and right 


atrial blood velocity alternation have been previously 
noted in man. In addition, there have been reports 
of independent pulsus alternans in the greater and 
lesser circulations.? Recordings obtained from one 
subject described in this study demonstrated a rate- 
related transition of discordant to concordant biven- 
tricular alternans. In this patient, alternation of right 
ventricular end-diastolic fiber length or contractile 
force was a constant feature during rapid ventricular 
pacing. At critical heart rates, discordant left ventric- 
ular blood velocity alternation evolved into a state in 
which left ventricular contractions were presumably 
of equal magnitude. When the pacing rate was in- 
creased, left ventricular contractions began to alter- 
nate again and blood velocity came into phase with 
strong and weak right ventricular beats. These obser- 
vations suggest that varying right or left ventricular | 
blood velocity alternation, concordant or discordant, | 
can be manifested in a variety of ways, dependent on 
the heart rate and inotropic state of each ventricle. In 
1960, McIntosh!? described recordings from a patient 
with right ventricular pressure alternation and a sub- 
tle shift of concordant to discordant brachial arterial 
alternans. These changes occurred during a stable 
heart rate and were attributed to unequal ventricular 
distension after summation of diastolic filling and a 
larger residual volume in either ventricle. 


Variant or intermediate forms of left ventricu- 
lar blood velocity alternation: These forms of al- 
ternans are particularly noteworthy and may repre- 
sent a “warm-up” phase preceding established pulsus 
alternans. Demonstration that the last high peak left — 
ventricular blood velocity wave in a cycle of 2:1 alter- 
nation was the first strong beat in succeeding classic 
pulsus alternans lends credence to this proposition. 
Other variations of the same phenomenon may occur, 
but we have encountered only weak and strong left 
ventricular contractions with corresponding low and 
high peak blood velocity waves in a ratio of 2:1. 

The underlying mechanism for pacemaker-induced 
electrocardiographic alternation with concomitant 
left ventricular blood velocity alternans is unclear. In 
general, electrical alternation is frequently accompa- 
nied by pulsus alternans whereas the reverse relation 
is unusual.!! It is possible that alternating intramyo- 
cardial tension and coronary blood flow in some man- 
ner render a portion of the myocardium more refrac- 
tory to depolarization during every other beat. 


Clinical implications: The limitations and advan- © 
tages of Doppler flowmetry for the measurement of 
phasic instantaneous left ventricular blood velocity 
have previously been discussed in detail. Further- 
more, the conditions producing blood velocity alter- 
nans in this study were mainly artificial in nature. In 
the case of classic alternation, the results described 
here represent electively induced models of the natu- 
rally occurring phenomenon that has been noted dur- 
ing various forms of tachycardia. Further investiga- 
tion will be required to identify other more unusual 


forms of alternans during clinically encountered 
tachyarrhythmias. Application of this technique pro- 
vides insight into the varied expression of left ven- 
tricular blood cell velocity alternans. 
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The coronary arteries of five hearts of patients known to have had 
Marfan’s syndrome were studied microscopically. In four of the five 
cases the extramural coronary arteries showed structural changes 
consisting of accumulations of acid mucopolysaccharides and a con- 
comitant disruption of the connective tissue elements. These changes 
closely resembled the changes that frequently occur in the aorta and 
that are generally described as “cystic medial necrosis." They are 
considered to be an important expression of wall weakening. In one 
case a laceration, probably traumatic, of a coronary artery led to for- 
mation of an “incomplete dissecting aneurysm." 

“Cystic medial necrosis" was found once in the proximal segment of 
the sinus nodal artery and once in the musculoelastic layer of a coro- 
nary artery that reached the atrioventricular node from the ventricular 
septum by perforating the anulus fibrosus. However, in contrast to find- 
ings in a previous report, the intramural coronary arteries were other- 
wise unaffected. The clinical significance of these data is as yet un- 
known particularly since these alterations are intramural and initially 
do not cause narrowing of the lumen. Nevertheless, the possibility of 
coronary arterial involvement by the metabolic disorder of Marfan’s 
syndrome should always be considered during clinical assessment of 
this lesion. 


Myocardial ischemia in patients with Marfan’s syndrome is most fre- 
quently caused by a dissecting aneurysm of the ascending aorta that 
encroaches upon the segment of origin of a coronary artery. Thus far, — 
only one case of Marfan's syndrome has been recorded in which a pri- 
mary dissecting aneurysm of a coronary artery was observed.' How- 
ever, many reports of cardiac manifestations of Marfan's syndrome 
give scant mention to the state of the coronary arteries. To the best of 
our knowledge, only James et al.? have considered in detail the pa- 
thology of coronary arteries in this disease. They reported that the 
smaller intramyocardial arteries showed alterations characteristic of 
an obliterative process; these changes were particularly prominent in 
the sinus nodal and atrioventricular nodal arteries of the two hearts 
they studied. 

Our interest in the condition of the coronary arteries in Marfan's 
syndrome was initiated by the admission of an 18 year old woman 
with Marfan's syndrome into our Department of Cardiology. This pa- 
tient had aortic and mitral valve insufficiency complicated by severe 
angina pectoris that could not be explained solely on the basis of aug- 
mented myocardial demand. On clinical grounds, aortic dissection 
seemed unlikely. Our clinical colleagues’ question—“Are the coro- 
nary arteries involved in Marfan's syndrome?’’—and their report on 
the lack of published data on this subject prompted this investigation 
of the coronary arteries in five hearts from patients with Marfan's 
syndrome. 


UOHONAHY ARTERIES IN MARFAN'S SYNDROME—BECKER AND van MANTGEM 


Material and Methods syndrome and were admitted to the hospital with a dissect- 

ing aneurysm in a markedly dilated ascending aorta and 

The study comprises a morphologic investigation of five with signs of aortic valve incompetence. None of the five 
hearts from patients with Marfan's syndrome. Four of the patients had rhythm or conduction disturbances. Two pa- 
five patients were men aged 21, 23, 29 and 32 years, respec- tients underwent combined reconstructive surgery for their 
tively. The one woman in this series was 51 years of age. All aneurysm and insertion of an aortic valve prosthesis. One 
five patients had the characteristic features of Marfan's patient (Case 5) died in the immediate postoperative peri- 
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FIGURE 1. Case 5. Photomic 





FIGURE 2. A, Case 1. B, Case 2. 
Photomicrographs showing pools of 
mucoid material that have accumulat- 
ed in the media of the extramural 
coronary arteries. The separation of 
muscular elements and disruption of 
the connective tissue Components is 
evident (arrows). (Hematoxylin-eosin 
stain X350 [A] and 140 [B], reduced 
by 26 percent.) 
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od from a recurrent aortic tear. Another (Case 3) had an 
anteroseptal myocardial infarction after surgery and died 2 
months later from progressive pump failure. The three 
other patients were being medically treated in the hospital 
when they died as a result of cardiac tamponade caused by 
a ruptured aneurysm. 

Autopsy findings confirmed the clinical diagnosis in each 
instance. In no instance did the aortic dissection encroach 
upon the coronary arteries themselves, although there was 
a marked narrowing of the lumen of the proximal segments 
due to compression by the hematoma. 

Pathologic studies: The coronary arteries were com- 
pletely sectioned along their epicardial course at intervals 
of approximately 3 mm. Sections were taken whenever 
gross inspection of the cut surfaces revealed an abnormali- 
ty. In addition, routine sections were taken in each case 
from (1) the main stem of the coronary artery, (2) the prox- 
imal segment of the anterior descending artery at a point 1 
cm from its origin, (3) the proximal segment of the left cir- 
cumflex artery at a point 1 cm from its origin, and (4) from 
the right coronary artery at a point approximately 1 cm 
from its aortic origin. The areas of the sinus and atrioven- 
tricular nodes were sectioned in blocks and studied micro- 
scopically in each case. In addition, both the sinus nodal ar- 
tery and the atrioventricular nodal artery were dissected 
grossly and routine sections taken from their proximal seg- 
ments. The intramural arteries were studied in sections of 
the left ventricular myocardium taken (1) anteriorly near 
the apex, and (2) posteriorly near the crux cordis. 

'The sections were stained with either hematoxylin-eosin 
or an elastic tissue stain. Additional stains such as the al- 
cian blue stain for acid mucopolysaccharides and combina- 
tions of this technique with connective tissue stains and the 
periodic acid-Schiff stain were applied as deemed neces- 
sary. 


Results 
The observations with respect to the extramural 
and intramural coronary arteries in the five hearts 
are summarized in Table I. 


FIGURE 3. Case 3. Photomicrographs of cross 
sections of the left main stem artery. The artery 
shows an abrupt laceration of the media (ar- 
rows) with a partial dissection (*) and aneurys- 
mal dilatation (open arrow). The outer wall at 
the latter site consists of adventitia and rem- 
nants of the disrupted media. The wall on the lu- 
minal aspect is composed of loosely arranged, 
vascular connective tissue, which has the fea- 
tures of organized thrombosis. (Elastic tissue 
stain X25, reduced by 27 percent.) 


TABLE | 


"Cystic Medial Necrosis” in the Coronary Arteries in 
Marfan's syndrome 











Intra- 

Case Age (yr) mural 
no. &Sex LCA LAD LCx RCA SNA AVA Arteries 

1 CANE C ese A ACE c * LAE. car 

2. 23M + ox + = = 0 

3. -29M +t + + ale in, E "y 
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*'Cystic medial necrosis" present only in proximal seg- 
ment of artery. ; 

tThis segment was further complicated by an 'incom- 
plete dissecting aneurysm." 

t'Cystic medial necrosis" present in a coronary artery - 
that penetrated the node from the ventricular septum. 

+ = present; — = absent. 

AVA = atrioventricular nodal artery; LAD = left anterior 
descending coronary artery; LCA = left main coronary ar- - 
tery; LCx = left circumflex artery; RCA = right coronary 
artery; SNA = sinus nodal artery. 


Extramural coronary arteries: In four of the 
five hearts changes were observed in the extramural 
coronary arteries (Fig. 1). These changes were pri- 
marily confined to the media but were also present in 
the musculoelastic layer of the intima (Fig. 1). They 
were characterized by accumulations of a mucoid ma- 
terial that gave a positive reaction with alcian blue 
staining, indicating the presence of acid mucopoly- 
saccharides. At the site of these accumulations the 
normal appearance of the arterial wall was disrupted 
(Fig. 1 and 2). In some instances, only the smooth 
muscle cells of the media were separated, whereas the 





2 collagen and elastic fibrils seemed intact. In other in- 


stances, the changes were more pronounced. These 


. areas revealed actual disruption of connective tissue 
fibers together with the formation of pools of mucoid 


material and fine fibrillar material that produced 


wide separation in the muscular layer (Fig. 2). The 
internal elastic lamina at these sites also showed ir- 
. regular fragmentations, and occasionally the mucoid 


. material of the media was continuous by way of these 


interruptions with similar pools within the musculo- 
elastic layer of the intima. The musculoelastic layer 


— otherwise showed no distinction from the layer nor- 


.. FIGU 


mally encountered. 
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E 4. Case 1. Photomicrograph of part of the wall of the sinus 


-~ nodal artery, just after its origin from the right coronary artery. The 
section shows a moderate accumulation of mucoid material in the 


media with disruption of the muscular layer. The artery no longer 


.. showed this abnormality when sectioned more peripherally. (Hema- 
. toxylin-eosin stain X350, reduced by 31 percent.) 
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When present, the mucoid changes described were 
observed in most of the extramural coronary arteries 
(Table I). In one instance (Case 3) a complicated le- 
sion was encountered in the main stem of the left cor- 
onary artery. This lesion consisted of an abrupt lacer- 
ation of the wall together with incomplete rupture of 
the vessel and aneurysmal.like dilatation (Fig. 3). 
The outer wall of this dilated arterial segment con- 
sisted only of adventitia and sparse remnants of the 
disrupted media (Fig. 3). The wall on the luminal as- 
pect was composed of loosely arranged and highly 
vascular “young” connective tissue (Fig. 3). The pa- 
tency of the artery was considerably reduced by this 
lesion. The media in this particular segment exhib- 
ited some of the previously described mucoid accu- 
mulations. Such accumulations became particularly 
pronounced beyond the bifurcation in the proximal 
parts of both the left anterior descending and the left 
circumflex coronary arteries. These two vessels were 
not otherwise changed. The heart showed a large an- 
teroseptal infarction that extended onto the lateral 
wall of the left ventricle, producing involvement of 
the anterolateral papillary muscle. 

Sinus nodal artery: In only one instance in this 
series was the sinus nodal artery affected (Case 1). 
The vessel showed a moderate accumulation of acid 
mucopolysaccharides in the media, together with a 
slight increase in fine fibrillar connective tissue con- 
tent and some separation of muscle cells (Fig. 4). The 
intima of the artery showed a musculoelastic layer of 
normal configuration and structure. The segment of 
the artery thus involved was close to the origin from 
the main right coronary artery. Inside the sinus node 
itself, however, the artery did not reveal any of these 
changes. The sinus nodal artery in the remaining four 


FIGURE 5. Case 5. Photomicro- 
graphs of the sinus node and embed- 
ded sinus nodal artery. A, the nodal 
area (light arrows) shows the nor- 
mal arrangement for a young per- 
son. The sinus nodal artery (solid 
arrow) is normally positioned. B, de- 
tail of sinus node and its nutrient ar- 
tery. The latter is normal in structure. 
The node itself shows a compact ar- 
rangement without mucoid pooling, 
consistent with young age. (Elastic 
tissue stain X15 [A] and 140 [B], re- 
duced by 23 percent.) 
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hearts was normal in both its extranodal and intra- 
nodal course (Fig. 5). 

— Atrioventricular nodal artery: The segment of 
the atrioventricular nodal artery that originated from 
the U loop at the crux cordis showed a normal mus- 
cular structure in each case. A musculoelastic layer 
was always present and continued in the arterial seg- 
ment that ramified within the node. It was of interest 
that a moderately large artery, which penetrated the 
fibrotic anulus from the ventricular septum toward 
the atrioventricular node, always exhibited a mark- 
edly pronounced musculoelastic layer. Furthermore, 
this layer originated rather abruptly when the artery 
came close to the fibrotic anulus and continued to be 
present in the penetrating segment and in part on the 
. atrial aspect of the anulus (Fig. 6). In one instance 
(Case 4) the artery showed a pool of mucopolysac- 


FIGURE 6. Case 5. Photomicrographs of suc- 
cessive sections of the atrioventricular nodal 
area showing the structural changes in a septal 
coronary artery (arrows) that penetrated the 
anulus fibrosus on its way to the atrioventricular 
node (*). A and B, the artery is approaching 
the anulus fibrosus and is of a normal muscular 
type. C and D, the same artery has penetrated 
the anulus fibrosus. Its structure has altered, 
and there is now a marked musculoelastic inti- 
mal layer. E and F, the artery has nearly tra- 
versed the anulus fibrosus and is in close ap- 
position to the atrioventricular node. The 
marked musculoelastic intimal layer is still pres- 
ent. The thickness of this layer is exaggerated 
since the artery is tangentially sectioned. (Elas- 
_ tic tissue stain X15 [A, C and E] and 140 [B,D 
and F], reduced by 27 percent.) 
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charides that separated the elastic fibrils in the mus- _ 
culoelastic layer (Fig. 7). In the remaining four cases. # 
this change was not observed. 4 
Intramural coronary arteries: The into d 
coronary arteries were normal in each case. Only. in. 
the immediate environs of an infarct (Case 3) was in- i 


timal fibrosis noted. Mucoid changes or obliterative — 
intimal proliferations were not observed. 
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Discussion 


Pathogenesis of coronary arterial lesions: Our 1 
study revealed that the coronary arteries may indeed | ; 
exhibit pathologic lesions in patients with Marfan's - 
syndrome. In fact, four of the five hearts studied re- i 
vealed a structural abnormality in the vessel walls — 
(Table I). The abnormality consisted of an accumula- — 3 
tion of acid mucopolysaccharides within the vessel 
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P rudis accompanied by disruption of connective tissue 
. elements. This latter feature was less pronounced 
than that found in the extensive lesions that may 
dii uir in the aorta in Marfan's syndrome. However, 
- although the coronary arteries are of a muscular type 
. and normally possess only sparse connective tissue fi- 
E brils, the histologic findings of pooling of acid muco- 
polysaccharides with disruption of the preexisting 
a wall structure were similar to those observed in the 
. aorta. It is usual to classify such alterations as “cystic 
E - medial necrosis." 3 
EX. The pathogenesis of this alteration in Marfan's 
|. syndrome is still a matter of dispute, although it is 
ee generally agreed that it is in some way related to the 
3 metabolic disorder affecting the connective tissues.4 
It should be stated, however, that “cystic medial ne- 
^ crosis” as such is present in the normal aging aortic 
. wall? and in the pulmonary arteries in cases of long- 
- Standing pulmonary hypertension?*; it has also been 
Wi. described in some cases of dissection of a coronary 
. artery unrelated to Marfan' s syndrome.?-1! The “cys- 
es . tic medial necrosis" in Marfan's syndrome is already 
. present at an early age and then to an extensive de- 
 gree. We therefore feel justified in interpreting the 
. changes in our specimens as an expression of the 
. underlying metabolic disorder that was known to be 
i E preppnt. 
One may speculate on the possibility that similar 
P hangos i in the coronary arteries previously described 
la in young persons, whether or not accompanied by a 
- dissection, are indeed “formes frustes” of Marfan's 
syndrome. 1042 The structural changes observed in 
; our specimens were particularly prominent in the ex- 
` tramural coronary arteries. As far as we are aware, 
-. this feature of Marfan's syndrome has not been spe- 
fs «cially reported previously. It i is on in a review ar- 
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FIGURE 7. Case 4. Photomicrographs of septal coro- 
nary artery near the anulus fibrosus. A, the artery 
shows a pool of mucopolysaccharides (arrow) in the 
musculoelastic intimal layer. B, the elastic tissue stain 
of the same area shows a disruption of the elastic fi- 
brils at that particular site (arrow). (Hematoxylin-eosin 
stain [A] and elastic tissue stain [B] X 140, reduced by 
25 percent.) 


ticle of the pathology of angina pectoris that Vlodav- 
er et al? mentioned a case of Marfan's syndrome 
with “changes of cystic nature" in the media of the 
coronary arteries, associated with focal fibrous thick- 
ening of the intima. 

James et al? described obliterative proliferative 
changes in the intramural coronary arteries in Mar- 
fan's syndrome but made no mention of any abnor- 
mality of the extramural coronary arteries. In this 
study we found only one specimen in which the prox- 
imal segment of the sinus nodal artery showed degen- 
erative changes, although without appreciable nar- 
rowing of the lumen; the artery was normal when em- 
bedded within the node itself. However, our five 
cases were randomly selected cases of Marfan's syn- 
drome, in which no patient had disturbances of 
rhythm or atrioventricular conduction. In contrast, 
the two cases of James et al.? were particularly select- 
ed and studied for these latter reasons. The atrioven- 
tricular nodal artery in our five cases was also nor- 
mal, again in contrast to findings in the cases re- 
ported by James et al.? The vessel did exhibit a dis- 
tinct musculoelastic intimal layer. However, we inter- 
pret this feature as a normal occurrence. In one in- 
stance the arterial branch from the ventricular sep- 
tum that normally perforates the anulus fibrosus to 
reach the atrioventricular node showed an accumula- 
tion of acid mucopolysaccharides within the muscu- 
loelastic layer. We believe that this constituted an 
abnormality that could be related to the underlying 
connective tissue disorder. 

Coronary dissecting aneurysms: We believe that 
the "cystic medial necrosis" as encountered in the 
coronary arteries in these cases is an expression of an 
affected arterial wall. As such, its presence could in- 


dicate an intrinsic weakening of the vessel, which | 


could therefore be more easily lacerated. This view is 
in accordance with recent opinions on the develop- 
ment of so-called spontaneous laceration lesions of 
the aortic wall.914 Indeed, in one of our five cases a 
complicated lesion of the left coronary main stem ful- 
filled the histologic criteria for such spontaneous le- 
sions. The media of this artery showed an abrupt in- 
terruption of its wall with the formation of an aneu- 
rysm. The outer wall of the aneurysm was composed 
of remnants of the outer layer of the preexistent 
media, further strengthened by adventitia. When re- 
constructed from the many slides taken, the lesion 
could be considered to have resulted from a broad 
tear in the inner wall which had then expanded to 
form a saccular aneurysm. Lesions of this type in the 
aortic wall have been classified as “incomplete dis- 
secting aneurysms.” 614-16 

As far as we are aware, this case is the first docu- 
mentation of this lesion in a coronary artery. It is 
most likely that the laceration that affected the ves- 
sel was caused during reconstructive surgery on an 
aneurysm of the ascending aorta 2 months before the 
patient's death. The broad layer of newly formed in- 
tima that covered the remnants of the media is con- 
sistent with a time lag of 2 months and is a recog- 
nized feature of long-standing complete and incom- 
plete dissecting aneurysms of the aorta.!" The occur- 
rence of an incomplete dissection in a coronary artery 


in a patient with Marfan's syndrome illustrates that | 
these arteries can be vulnerable to trauma, probably 
as a result of the same mechanisms that render the - 


aorta so vulnerable. 


Clinical implication: The finding of the changes - 


of “cystic medial necrosis" in three other cases indi- - 
cates that these arteries also had the potential for - 


laceration. In our opinion, the latter complication is 


the major hazard of coronary arterial involvement in ~ 


Marfan's syndrome since the lesions are intramural | 


and initially do not cause narrowing of the lumen. 


The latter could also account for the rarity of func- - 


tional coronary artery disease among the cardiovas- 


cular complications of Marfan's syndrome. Neverthe- - 


less, our findings indicate that, morphologically, the | 


coronary arteries are indeed involved by a process 


similar to that affecting the aortic wall. Therefore, 


A 


the possibility of coronary arterial involvement 
should always be considered during the clinical eval- 


uation of the patient with Marfan’s syndrome. 
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The concept of automatic threshold tracking is the most recent adap- 
tation of artificial cardiac pacemakers to physiologic needs. Earlier 
pacemaker innovations were primarily in the area of timing of impulse 
delivery, whereas more recent changes have focused on alteration of 
the amplitude and duration of the pacemaker stimulus. Matching of this 
stimulus to the cardiac excitation threshold is important because a 
stimulus greater than necessary is wasteful of battery energy and may 
produce arrhythmias, whereas a stimulus of less than threshold inten- 
sity fails to pace the heart. Because of the wide range of clinically en- 
countered threshold levels it is impossible to design a fixed output 
pacer that is efficient and safe for all patients at all times. 

The threshold tracking pacemaker searches for and finds the 
threshold level, and adjusts its stimulus to just above this level. The de- 
vice ensures an adequate safety margin of stimulation, but reduces the 
stimulus level to the lowest safe level possible. It is fully automatic, ad- 
justs immediately to any threshold changes and is not dependent on 
manual alteration. 


The threshold tracking pacemaker (supported by Vitatron Medical, 
B.V.) represents a new generation of pacemaker with automatic con- 
trol of the pacemaker stimulus. It repeatedly searches for and finds 
the threshold level and adjusts its stimulus to just above this level, 
ensuring an adequate safety margin and continuous effective pacing 
but reducing the stimulus to the lowest safe level possible. This de- 
vice is fully automatic, adjusts immediately to any threshold changes 
and is not dependent on manual alteration. It was tested clinically in 
six patients and performed according to specifications. Much addi- 
tional testing is necessary before the instrument is certified for wide- 
spread use, but it appears to offer a significant advance in artificial 
cardiac pacing. 


Instrumentation 


A detailed description of the threshold tracking pacemaker has been pre- 
viously reported.! The prototype unit has a range of 0 to 15 milliamperes and 
is a constant current ventricular-inhibited device. Its essential feature is its 
capacity to sense for presence or absence of ventricular response (QRS com- 
plex) during a 20 to 40 msec period after each pacemaker stimulus. If the 
pacemaker output is above threshold level, the stimulus amplitude is reduced 
by 0.5 milliampere decrements until a stimulus fails to evoke a ventricular re- 
sponse, with threshold lying between the last suprathreshold stimulus and 
the subthreshold stimulus. When the stimulus is reduced to below threshold 
level, the absence of a response is detected, and 40 msec after the subthresh- 
old stimulus another (backup) stimulus is delivered that is 0.5 milliamperes 
greater and 1.0 msec longer in duration (Fig. 1). Because the backup stimulus 
is greater in current and duration than the subthreshold stimulus, it should 
be great enough to evoke a ventricular response unless there has been a sud- 
den increase of threshold since the previous beat. As a safety feature, if the 
backup stimulus does not elicit a response, a second backup stimulus with a 


further 0.5 milliampere increment is delivered 40 msec 
after the first backup pulse. 

Continuous and programmed modes: In the prototype 
model there are two operating modes, continuous and pro- 
grammed. In the continuous mode, the cycle of testing for 
threshold is continuously repeated. The pacemaker probes 
down to lower output levels to determine threshold, pro- 
vides output at a level above threshold, and then repeats 
the cycle. When threshold is stable, one test cycle spans 
three heartbeats and four pacer stimuli (one subthreshold 
pulse) (Fig. 1). In the programmed mode, the pacemaker 
determines threshold and sets the output at a preset safety 
margin (0.5 milliamperes) above threshold level. The out- 
put is then kept constant unless an elevation of threshold 
results in a stimulus that does not produce a response, in 
which case a second stimulus of greater amplitude and 
pulse duration is delivered 40 msec after the subthreshold 
stimulus. The system is automatically reset to the higher 
stimulus level to compensate for the higher threshold. In 
the programmed mode the pacemaker does not continuous- 
ly search for threshold but is programmed to search auto- 
matically for threshold at time intervals set by the operator 
(every 30 seconds or every 2 or 8 minutes) (Fig. 2). In either 
the continuous or programmed mode, a subthreshold stim- 
ulus at any time is followed by a backup stimulus that is 
above threshold level (or two backup stimuli if necessary). 
Only with the rare exception of a sudden and pronounced 
rise in threshold, such as can be produced by pulling back 
the pacing catheter, are the backup stimuli insufficient to 
evoke a response. 


Methods 


After the system was proved feasible and safe in ani- 
 mals,! it was tested seven times in six patients. Five of the 


patients had complete heart block, and one patient was. 
undergoing pacing for control of arrhythmias. In four ofthe — 
tests the electrode system included a standard bipolar tem- — 
porary pacing catheter positioned in the apex of the right _ 
ventricle and an indifferent electrode plate attached to the 
right arm. In three tests we used a tripolar electrode with — 
two electrodes spaced 1 cm apart at the distal tip and the 
third (indifferent) electrode 23 cm back from the distal - 
tip.? In all tests pacing was between the distal (cathode) | 
and indifferent (anode) electrodes, with sensing between 
the proximal of the bipolar pair and the indifferent elec- 
trodes. 

The threshold tracking pacemaker was tested in each pa- 
tient for proper sensing and stimulation under several con- 
ditions—at rest, with forceful breathing and with the pa- 
tient in various positions. In three of the seven tests the | 
pacing catheter was inserted at the time of the test, and the © 
system was monitored during positioning of the catheter in 
the right ventricular apex and during manipulation of the — 
catheter tip to different sites within the right ventricle. All — 
these maneuvers were attempts to produce sudden changes ~ 
in threshold that would test the ability of the pacemaker to 
react with the appropriate change in output. a: 


Results 


In the first two patients testing was incomplete be- 
cause of sensing problems that developed when the . 
pacemaker output was at a high level. Redesign of 
the circuitry corrected this problem and subsequent - 
patient testing yielded successful results. Each pa- 
tient underwent pacing for 30 to 60 minutes without 
complication or malfunction. The pacemaker per- — 
formed to the designed specifications of sensing all 
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FIGURE 1. Scheme of operation of threshold track- 
ing pacemaker. Above, electrocardiogram. Below, 
stimulus output (milliamperes) of pacemaker. 
Threshold is 2.3 milliamperes. The third stimulus 
(2.0 milliamperes) is below threshold level and does 
not evoke a response; it is followed 40 msec later 
by a larger stimulus that is above threshold level. 
(Reprinted from Preston and Bowers,' by permis- 
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FIGURE 2. Programmed tracking mode for sensing for threshold. Above, electrocardiogram (5 mm/sec). Middle, pacemaker stimulus in 0.5 mil- 
liampere steps. Bottom line, 0.0 milliampere reference. At left, the stimulus level increases after movement of the pacing catheter to a higher 
threshold position. About 1 minute later (right) the unit automatically searches down for threshold and resets at a lower stimulus level. It is pro- 


grammed to search for threshold every 2 minutes. (Reprinted from Preston and Bowers,' by permission.) 
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FIGURE 3. Continuous tracking mode for sensing for threshold. Above, electrocardiogram (5 mm/sec). Below, pacemaker stimulus level. 
Marked sudden inspiration results in catheter movement and rise in threshold. The pacemaker tracks to the higher level without missing a beat. 





FIGURE 4. Pacemaker in continuous tracking mode. Above, electrocardiogram (5 mm/sec). Below, pacemaker stimulus level in 0.5 milliampere 


. Steps. The base line is 0.0 milliamperes. At left, threshold is between 0.0 and 0.5 milliamperes, and the pacemaker continuously tracks between 
... 0.0 and 1.0 milliamperes. After the third beat the catheter was suddenly withdrawn 2 cm, resulting in a rise in threshold. The pacemaker then 
a tracked to a higher output level, sometimes using two backup pulses (fourth, fifth, sixth and eighth beats). 
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directly a function of adequate sensing of spontane- 
ous or pacemaker-induced beats, and the reliability 
of sensing is determined by the electrode system. The 


. ventricular beats of spontaneous or pacemaker-in- 
_ duced origin and of detecting the absence of ventric- 
~ ular depolarization after delivery of subthreshold 


. stimuli. The pacemaker correctly responded to sub- 
threshold stimuli by increasing the output amplitude 
of backup pulses. It performed as expected in the two 
modes of operation, continuous and programmed. 
When threshold changes were induced by sudden 
deep respiration or coughing, changes in patient posi- 
. tion or manipulation of the catheter, the pacemaker 
automatically adjusted output amplitude to the new 
threshold level (Fig. 3 and 4). Only by manually 
changing the position of the pacing catheter tip were 
we able to produce a change in threshold great 
enough to require two backup pulses. The pacemaker 
tracked threshold elevations rapidly enough to main- 
tain pacing except when the catheter tip was sudden- 
. ly jerked backward from a low to a high threshold po- 
sition. In this latter circumstance, one paced beat was 
missed (the regular stimulus and two backup stimuli 
were subthreshold), but the unit recovered to capture 
- the next beat. 


Discussion 


Clinical testing of the threshold tracking pacemak- 
er indicated its effectiveness and safety in patients 
requiring temporary pacing for acute medical prob- 
lems. The reliability of the system must be deter- 
mined by further long-term testing, but these first 
tests demonstrate its feasibility. Reliability is most 


system contains safeguards to transform the pace- 
maker to the asynchronous mode in the absence of 
adequate sensing, so that a sensing failure would 
have the same result as with an ordinary noncompeti- 
tive (demand) pacemaker. In clinical testing we at- 
tempted to produce sensing failures by sudden move- 
ments of the patient or the pacing catheter but, ex- 
cept when the electrode was removed from the right 
ventricle, sensing was always adequate. Electromag- 
netic interference and interference from myopoten- 
tials did not occur, but the system has not been thor- 
oughly tested for these problems. In all instances the 
threshold tracking pacemaker performed as a non- 
competitive pacemaker and was properly inhibited 
by all spontaneous (nonpacemaker-induced) beats. 
Advantages: The advantages of the threshold 
tracking pacemaker are: (1) Pacemaker output is 
kept in an optimal range above excitation threshold 
but well below fibrillation threshold; (2) the system 
automatically adjusts for threshold changes without 
missed beats or alteration in rate; (3) the system aids 
in electrode positioning by automatically displaying 
threshold level; (4) catheter or electrode stability can 
be monitored continuously and long-term histograms 
can be recorded to document threshold changes in 
the long-term operation of the pacing system; and (5) 
the system is useful in evaluating acute threshold 
changes secondary to activity or position of the pa- 


tion during tie vulnerable period of a pacemaker- - 
induced depolarization that was not sensed. A first 
backup pulse is delivered 40 msec after the basic - 
stimulus and, if necessary, a second backup pulse is — 
delivered 80 msec after the basic stimulus. If the - 
basic driving stimulus does evoke a ventricular depo- 1 
larization that is not properly sensed (worst case), a 
second backup pulse 80 msec later would still be too ~ 
early to fall during the vulnerable period of ventricu- — 
lar repolarization. However, stimuli occurring in the — 
period beginning 120 msec after the basic stimulus © 
could fall in the vulnerable period of an unsensed de- — 
polarization after the basic stimulus. For this reason | 
we limited the pacemaker to two backup pulses and | 
believe that all backup pulses must occur within 100 - 
msec of the basic stimulus. A backup pulse later than — 
100 msec after the basic stimulus would also cause a - 
great enough change in the ventricular beat to beat | 
interval to be perceived as a rate change by some pa- 
tients. 

The possibility of a dropped (nonpaced) ventricu- 
lar beat is minimal with the threshold tracking pace- - 
maker. A sudden change of the pacing electrode to a- 
higher threshold position can result in a missed beat, - 


tient or to drug therapy. Ultimately, the threshold 
tracking pacemaker will be incorporated into implan- 
table units, which may increase pacemaker life by 
tailoring pacemaker output to beat by beat require- 
ments. As more data are collected with regard to the 
requirements and potential of this unit, changes will 
probably occur in stimulus output. 

Requirements of sensing system: The only type 
of pacemaker that can optimally match output 
against threshold and remain safe is one that will fre- 
quently and automatically test for threshold level 
and deliver a stimulus that is always suprathreshold 
but no more above threshold than is necessary to en- 
sure effective pacing. At the Fourth International 
Symposium on Cardiac Pacing,’ two automatic 
threshold sensing systems were reported^? and a 
third? was demonstrated. Subsequently, a fourth sys- 
tem was reported. 

The essential feature of the threshold tracking 
pacemaker is its ability to sense for the presence or 
absence of ventricular depolarization after a pacing 
stimulus. To determine whether or not each pace- 
maker stimulus evoked a ventricular response the 
pacemaker must detect an electrical signal (QRS 


complex) during the 100 msec period after each stim- 
ulus. This is technically exceedingly difficult and is 
the limiting factor in any threshold tracking pace- 
maker. Ordinary noncompetitive (demand) pacemak- 
ers have a sensing refractory period of 250 to 350 
msec after each delivered stimulus. This period oc- 


but we found that ordinary physiologic alterations, 
such as deep breathing and changes in body position, 
produced threshold elevations of low enough magni- 
tude to permit the pacer to track upward without 
missing a beat. Only by sudden withdrawal of the 
pacing catheter were we able to produce an instant 


rise in threshold so great that the pacemaker could - 
not compensate without missing a beat. Sudden - 
marked catheter movement does occasionally occur 
in clinical practice, as with “catheter displacement," - 


curs because 250 to 350 msec elapse before the after- 
potential, which may be as great as 1 volt after the 
pacemaker stimulus, is dissipated to a level that will 
permit the pacemaker to sense reliably a 2 to 3 milli- 


volt intracardiac depolarization. Reliable sensing 
during the 100 msec interval after the pacer stimulus 
requires stabilization of the electrode afterpotential 
in order to detect the depolarization signal. 

Backup pulses to ensure continuous pacing: 
The pacemaker developed by Mugica et al.* has four 
output levels. In this unit an external magnet is used 
to trigger the pacemaker to search lower output levels 
for threshold, and a subthreshold stimulus is always 
followed by a missed beat. The system developed by 
Funke? has a greater number of output levels but also 
misses one ventricular depolarization every time the 
output falls below threshold level. 

We believe that it is important to have backup 
pulses following subthreshold stimuli so as to avoid 
missing a heartbeat. When the suprathreshold back- 
up pulse is delivered 40 to 50 msec after the sub- 
threshold stimulus, the delay of 40 to 50 msec is suffi- 
ciently short so that there is no effective change in 
the heart rate (Fig. 1). Similarly, the beat to beat in- 
terval following a backup pulse is shortened by 40 to 
50 msec compared with the basic pacing rate, but this 
change is not perceptible to the patient. The unit de- 
termines threshold by reduction of stimulus levels, 
but backup pulses ensure continued pacing without 
missing a beat and with an imperceptible change in 
cardiac rate. The unit was designed with a limit of 
two backup pulses to avoid any possibility of stimula- 


and is often associated with loss of pacing. In cases of 
catheter displacement" without loss of pacing, there 
may well be one or more missed beats at the time of 
catheter movement. We do not consider that the pos- 
sibility of one missed beat during catheter movement 
is a serious limitation of the threshold tracking pace- - 
maker. 

Variations in threshold and optimal pacemak- 
er stimulus: Since implantable pacemakers first be- 
came commercially available, recognition of factors 
that determine threshold has led to design of elec- 
trodes with lower thresholds. This has allowed the 
use of lower stimulus levels, but there is evidence 
that with lower threshold electrodes the percent 
change from acute to chronic threshold is greater 
than with electrodes that have higher acute thresh- 
olds. Thus, the pacemaker manufacturer is still 
faced with designing pacemakers to match thresholds 
that range over a wide span. With some of the newer 
electrodes threshold at the time of implantation is 
often lower than 0.1 milliamperes,? whereas other 
long-term electrode thresholds uncommonly reach as 
high as 10 milliamperes (pulse duration 0.5 to 1.0 
msec), producing a wide range of clinically encoun- 
tered thresholds with the maximal level ranging up to 
100 times the minimal level. 

The necessity of providing a stimulus above 
threshold level is obvious. Were there no detrimental 


ROT 


Mes 


à 


or disadvantageous effects of pacing at very high 


Fy 
lad. 


m 
1 
- 


os. 
òy 
M 


| 4 
, 
u 


n W^ 
he 


Ps 


P) 
j 


stimulus levels, setting the stimulus at 20 milliam- 


perés (1.0 msec) would ensure pacing in all but ex- 


ceedingly rare cases. However, the optimal pacemak- 
er stimulus level is a threshold stimulus, that is, a 
stimulus of the minimal level producing a propagated 
cardiac depolarization. To the extent that the stimu- 
lus exceeds the threshold level there is (1) unneces- 
sary current drain from the battery, (2) an increased 


risk of pacemaker-induced ventricular fibrillation, 
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and (3) a possible increase in tissue reaction or elec- 
trode damage, or both. The problem of pacemaker- 


induced ventricular arrhythmias is probably mini- 
mal, but is a potential complication of ventricular 


pacing. Any noncompetitive (demand) pacer can 


malfunction and deliver stimuli during the ventricu- 


lar vulnerable period. Spear et al.!! demonstrated in 
dogs that the greater the current intensity delivered 
during the vulnerable period, the greater is the tem- 
poral dispersion in recovery of excitability, associated 
with a decrease in ventricular fibrillation threshold 
immediately after the application of current. They 
concluded that “since the intensity of the current de- 
livered to the myocardium does influence vulnerabili- 
ty, pacemaker current output should be of as low in- 
tensity as possible to minimize these effects." The 
concept of the threshold tracking pacemaker is con- 
cordant with this physiologic premise. 

In the future, the concept of immediate automatic 
monitoring of the result of an applied stimulus may 
be an impetus to further advances in medical tech- 
nology. 
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The clinical profile and course of 101 patients with tricuspid atresia — 
seen at the Children's Hospital Medical Center, Boston, were re- . 
viewed; the electrocardiograms, hemodynamic data, associated . 
anomalies, complications of the malformation and surgical results were - 
outlined and a definition of anatomic types and radiologic groups - 
formed in order to facilitate therapeutic decisions. Overall survival to 3 
15 years of age was approximately 50 percent. Tricuspid atresia type | — 
(normally related great arteries), group A (decreased pulmonary vas- 
cularity) was the most frequent category (54 percent); without sur- — 
gery, these patients had only a 10 percent chance of survival beyond 
the 1st year of life. Surgical intervention improved chance of survival — 
to 15 years of age to 50 percent. Overall surgical mortality was 23 per- | 
cent. The Waterston shunt is the procedure of choice in symptomatic 
small infants with diminished pulmonary flow (group A). Type Il pa- 
tients with increased pulmonary blood flow (group B) would benefit 
from a pulmonary arterial band. In contrast, patients with group B, type 
| atresia would rarely need a pulmonary arterial band. Patients with 
spontaneously changing hemodynamics (group C) usually require a 
shunt later in life than those in group A, with more favorable operative 
results. Our experience indicates the continued need of early surgical | 
palliation. New surgical approaches, such as the right atrial-pulmonary 
arterial anastomosis, may result in a more prolonged survival. ! 


Tricuspid atresia may be defined as congenital complete absence of 
the right-sided atrioventricular valve, with hypoplasia of the right 
ventricle. It accounts for approximately 1 to 3 percent of all congeni- 
tal heart defects.!:2 Diagnostic features of this entity have been well 
described?-? and, since 1945, surgical intervention, when appropriate, 
has been employed to improve pulmonary blood flow.? Without palli- 
ative surgery prospects for long-term survival are poor, especially in 
the group with diminished pulmonary blood flow.!° Shunt operations 
increase longevity, but to what extent is unknown.?.!1? Recent de- 
velopments in the surgical management of tricuspid atresia!?-!7 
suggest a need for a review of past experience. This report, therefore, 
describes the clinical course of 101 patients with tricuspid atresia 
seen in the past 32 years at The Children’s Hospital Medical Center, 
Boston. 


Material and Methods 


The hospital charts were reviewed of 101 patients with tricuspid atresia ex- 
amined at the Children’s Hospital Medical Center between January 1, 1941 
and September 30, 1973. The diagnosis in each case was confirmed by find- 
ings at cardiac catheterization, angiocardiography or surgery or by autopsy 
findings, or both. This report concentrates on the electrocardiographic and 
hemodynamic findings and on the long-term course, including operation, 
complications and survival. Details of history, physical examination and clin- 
ical laboratory data have been well described and will not be repeated.?-? 


TABLE | 
. Anatomic Classification of Tricuspid Atresia (101 patients) 
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: * Anatomic classification is abbreviated from Keith et 
—. al.,?' p 648. 

: Type I = normally related great arteries; Type II = d-trans- 
. position of the great arteries; Type III = l-transposition of 
_ the great arteries. 
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TABLE II 


_ Anatomic Type of Tricuspid Atresia Related to Radiologic 
. Classification (101 patients) 
BEEN UL uu A rnc Lo er oe 
. Type GroupA GroupB GroupC Total 


^ | 54 6 11 71 
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Gi Group A = decreased pulmonary vascularity; Group B = 
. normal or increased pulmonary vascularity; Group C = 
~ changing pulmonary vascularity; other abbreviations as in 


f 101 patients had chest radiographs. The original interpre- 
__ tations of the chest films by members of the radiology staff 
. were used in this study. Thirty-eight films that were inter- 
b preted to have increased pulmonary vasculature were re- 
. viewed by one of us (M.D.). 

. Ninety-five cardiac catheterizations were performed in 
- 77 patients, of whom 29 were studied at least twice. The 
- median age at the time of the initial catheterization was 6 
. months (range 1 day to 18 5/12 years). Pressure tracings in 
. the right atrium, left atrium and left ventricle as well as 
_ Systemic arterial oxygen saturation data were obtained in 
s 63 patients. Since the pulmonary artery was rarely entered 
. and oxygen consumption infrequently measured, the pul- 
; . monary arterial pressure and pulmonary blood flow could 
_ not be accurately assessed. There were 55 diagnostic angio- 
. grams; 28 were reviewed by one of us (M.D.) The original 
. official interpretation of the radiology and cardiology de- 
. partments was accepted in the remaining 27 cases. 

— Autopsy material was surveyed for (1) identification of 
. valve atresia, (2) relation of the great arteries, (3) determi- 
. nation of segmental relations,!? and (4) type and maximal 
. dimension of the interatrial communication. 

_ Survival curves were constructed from life tables utiliz- 
_ ing the abstracted survival data for all 101 patients and for 
_ the subgroups therein. Statistical analyses were carried out 
using Student's t test. 

. Anatomic classification: We have classified our pa- 
tients on the basis of catheterization and angiographic 
. data, surgical observations and autopsy findings according 
"to the major anatomic types proposed by Kuhne!? and 
b | : 
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modified first by Edwards and Burchell, and later by 
Keith et al.?! (Table I). Type I (normally related great arte- 

ries) characterized 71 patients, 23 patients had d-transpo- - 
sition of the great arteries (type II) and 7 had l-transposi- 
tion of the great arteries (type III). This distribution ac- 
cords with findings in Keith’s collected autopsy series 
(Table I).?! Attempts at further anatomic subdivision ac- 
cording to the sites of obstruction to pulmonary flow, al- 
though possible,?? were not undertaken. 

Radiologic classification: Astley el al.23 classified tri- 
cuspid atresia into two groups according to the radiologic 
appearance; group A had decreased pulmonary vascularity, 
whereas group B had normal or increased pulmonary vas- 
cularity. We add a third group C, characterized by sponta- 
neously changing hemodynamics?*7" and identified by 
transition from increased to decreased pulmonary vascular- 
ity in serial radiographs. Such a classification bypasses the 
anatomic subgrouping, but does serve as a therapeutic 
guide: whether to perform a shunt operation, apply a pul- 
monary arterial band or do nothing. 

We grouped our 101 patients into these three radiologic 
groups and related them to the anatomic types of Keith et 
al.?' (Table II). Sixty-three patients were in group À, the 
majority with normally related great arteries (type I). More 
than 50 percent of those with increased pulmonary vascu- 
larity (group B) had d-transposition of the great arteries 
(type II). A significant number, 15, could be classified into 
group C, most of them with type I anatomy. 


Results 


Sex: Sex distribution slightly favored male pa- 
tients (55 percent). This ratio is similar to that of two 
series?? containing a total of 96 patients of whom 53 
percent were male.5? Our findings tended to localize 
this male predominance to those with types II and III 
anatomy. 

Rate per year: Ninety-three percent of the pa- 
tients have been seen since 1950 (Fig. 1), when inter- 
est in and resources for treatment of congenital heart 
disease at our hospital were developed. The frequen- 
cy of patients with tricuspid atresia seen since 1950 
was approximately 4.6 per year. Tricuspid atresia ac- 
counted for 1.7 percent of all congenital heart disease 
seen at this institution per year; this rate increases to 
approximately 3 percent per year if one considers 
only infants with critical congenital heart disease 
(undergoing cardiac catheterization or surgery or 
dying within the 1st year of life).28 

Age at recognition: More than 50 percent of the 
patients were noted to have a cardiac abnormality 
(cyanosis or heart murmur) on the 1st day of life (Fig. 
2). The condition of only 14 went unrecognized be- 
yond 2 months of age, and 7 of these patients had in- 
creased pulmonary vascularity. The most frequent 
observation indicating heart disease was cyanosis, al- 
though almost 1 in 4 (22 of 101) patients presented 
with a systemic arterial saturation of 80 to 92 percent 
at initial catheterization. 

Electrocardiograms: Frontal plane QRS axes 
were plotted for 98 of the 101 patients, according to 
anatomic type (Fig. 3); 76 percent of all patients had 
a superior leftward frontal plane axis (0 to —909); 
only 1 patient had a superior rightward axis. Inferior 


leftward frontal plane axes (0 to +90°) were encoun- 
tered in only 13 percent of patients with type I anato- 
my, but were found in nearly 50 percent of those with 
type II or III anatomy. 

P wave amplitude in lead II was measured in 98 
patients; 70 percent of those with type I and type II 
anatomy had abnormal P wave amplitudes (greater 
than 2.5 mm in lead II), a figure slightly less than the 
82 percent previously reported.» Abnormal P wave 
configuration characterized by a bipeaked wave form 
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FIGURE 1. Incidence of tricuspid atresia ‘in Children's Hospital Medi- 
cal Center, Boston, 1941 to 1973, by 5 year intervals. Note the ob- 
served increase since 1950. 
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FIGURE 3. Frontal plane QRS axis in tricuspid atresia, related to anatomic type in 98 patients. 
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was noted in 10 patients (P tricuspidale)?9? There — 
was no correlation between Py amplitude and age, — 
mean interatrial gradient, right atrial a wave or size — 
of interatrial communication. However, there was — 
reasonable correlation (no. = 62, r = 0.48) between - 
Pr amplitude in patients with types I and II anatomy ~ 
and right atrial to left atrial a wave gradients; this - 
correlation was more significant (no. = 18, r = 0.69) 
when only data from patients with type II anatomy 

were plotted. ^ 
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FIGURE 2. Age of recognition of cardiac abnormality in 101 pa- . 
tients with tricuspid atresia. d — days; unk — unknown. 
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_ Hemodynamic data: Cardiac catheterization was and right atrial-left atrial gradients, values were sig- 
.. performed in 77 patients. In general, the procedure nificantly lower (P <0.01) in patients in group C. 


— was well tolerated and easily accomplished without A significant mean gradient across the atrial sep- 
_ complication. There was one death (within 24 hours tum (3 mm Hg or more) at initial catheterization was 
- of catheterization) in a newborn with severe heart present in four patients (6 percent) at ages 6 months 
—. failure and cyanosis (type II, group B) in 1966. (three patients) and 4 years (one patient). None un- 
~. The preoperative mean systemic arterial satura- derwent atrial septectomy or balloon septostomy. 


tion was markedly decreased in both the 34 patients Two of these four were classified as type I, group A 
. in group A (58.1 percent + 9) and the 6 patients in and both later had a Potts anastomosis with a good 
- group C (65.8 percent + 12); whereas in the 23 pa- palliative result. The third patient (type II, group B) 
-~ tients in group B (83.6 percent + 9), arterial desatu- died without surgery at age 2 years. Extensive collat- 


. ration was much less apparent (P «0.005). eral vessels developed in the fourth patient (type III, 
| Atrial pressures at preoperative catheterization Group A), who lived to age 22 years. Both of these 
.. were abnormal in 80 percent of the 63 patients stud- latter patients had a mean interatrial gradient of 5 


- ied (Table III). Right atrial pressures, both a wave mm Hg and died of congestive heart failure. The 2 


.. and mean, were generally increased.?? Although left year old died with signs of right-sided failure related 
_ atrial pressure levels were lower than the reported to an obstructive atrial septum. In the last 2 years of 
.. normal,?? especially in patients in group C, there was his life, the 22 year old also had signs of right-sided 
- mo significant difference in the preoperative atrial failure, probably exaggerated by an obstructive atrial 
__ pressures between patients in groups A and B; on the septum. T’hus, among the 77 patients who underwent 
B. other hand, with the exceptions of left atrial a waves cardiac catheterization for whom physiologic data are 
- TABLE III 


Pressures (mm Hg) 
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Intraatrial Pressures in Tricuspid Atresia Related to Radiologic Classification (63 preoperative patients) 


RAa LAa a Wave Gradient RAm LAm Mean Gradient 
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o V O ITA PREEN ET: EERE A ee 
- Normal* 6 +3.2 13 + 3.2t Mr .. 4.0 * 2.6 9 +24 "s 
All patients 12.7 + 3.8 9.1+ 3.6 3.3 «24 6.1 + 2.6 5.2 + 2.7 1.3 «13 
.. . (no. = 63) 
' Group A 12.7 + 3.5 8.9 + 3.4 32 422 6.3 + 2.5 5.5 « 2.8 13412 
E . (no. = 36) 
. Group B 13.9 « 3.9 10 +3.9 3.6 «2.9 6.4 + 2.8 5.2 + 2.5 1.25 + 1.26 
- . (no. = 20) 
. Group C 9: € 2:6 7.8 + 3.3 1.03 + 0.4 4.1 + 0.83 3.3: il 0.79 + 0.64 
P (no. = 7) 


b X BEEN AM E Lo—ÓSrM———M——————MBÀÉÁá EE ET e, S A 
.— * Normal atrial pressures.?^ 

. t Pulmonary capillary wedge pressure. 

T 


LAa = left atrial a wave; LAm = left atrial mean pressure; RAa = right atrial a wave; RAm = right atrial mean pressure. 
TABLE IV 
. Associated Cardiovascular Lesions (101 patients) 
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eS, IVC to Dextro- Total 
4 Type LSVC PDA Coarc. AAH RAA  Azyg. Asplenia AS cardia TAPVR Tr.Art. JAA Patients 
E: 5 2 0 0 0 0 1 0 0 1 0 0 5 

^ — (no. = 71) 

Y 3 5 3 1 2 0 0 0 0 0 1 2 10 
- (no. = 23) | 

IN 0 1 0 1 0 1 1 2 2 0 0 1 5 

1 } (no. = 7) | 

. Total 8 8 3 2 2 1 2 2 2 1 1 3 20 


* (no. = 101) 
^. 


Be The 35 additional anomalies occurred in 20 patients, 15 of whom had type lI or type II! anatomy. 

Br AAH = aortic arch hypoplasia; AS = aortic stenosis, subaortic; Azyg. = azygous vein; Coarc. = coarctation of the aorta; IVC 
-== absence of suprarenal inferior vena cava, drainage of inferior vena caval return by way of the azygous vein; JAA = jux- 
| taposition of the atrial appendages; LSVC = left superior vena cava; PDA = patent ductus arteriosus; RAA = right aortic arch; 
` TAPVR = total anomalous pulmonary venous return; Tr. Art. = truncus arteriosus. 
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available, only 2 had physiologic data suggesting sig- 
nificant obstruction by the atrial septum and died 
with evidence of right-sided failure; both would have 
benefited from decompression of the right atrium. 

Congestive heart failure: Thirty-seven patients 
were thought to have congestive heart failure, as evi- 

denced by cardiomegaly alone or in association with 
severe symptoms such as hepatomegaly, peripheral 
edema or pulmonary edema. Twenty-four were 
judged to have mild heart failure and 13 severe heart 
failure. 

Of the 24 patients with mild heart failure, 18 had 
type I anatomy; heart failure developed after a shunt 
procedure in the nine infants in group A, whereas six 
in group B and three in group C had congestive heart 
failure without operation. Sixteen of these 18 pa- 
tients are alive, ranging in age from 1 to 25 years (me- 
dian 12.5 years). Four patients with type II anatomy 
were recognized to have mild heart failure in the Ist 
year of life; pulmonary arterial hypertension was doc- 
umented at a later age in three, and all have survived 
4 to 8 years. The final two patients with mild heart 
failure had type III tricuspid atresia and survived 
without surgical intervention into the second decade, 
with cardiomegaly since infancy. 

Severe congestive heart failure occurred in 13 pa- 
tients. Six were classified type I, group A; all had 
heart failure after a shunt operation, and all died 
within the follow-up period of this report. Three of 
these six died immediately postoperatively; one died 
9 months later. Severe heart failure did not become 
manifest in two patients until the last 2 years of life; 
one of these died at age 17 years and one at age 20 
years, both after the appearance of atrial fibrillation. 

In summary, patients with mild asymptomatic 
congestive heart failure, identified primarily by iso- 
lated cardiomegaly, tended to maintain a stable 
course until at least midway into the second decade 
of life. In contrast, all those with symptomatic con- 
gestive heart failure died within the study period. 
Death occurred within 3 years of the onset of severe 
congestive heart failure. 

Arrhythmias: Arrhythmias were noted in seven 
patients. Four occurred in infants at catheterization; 
two of these infants, both with type II, group B 
anomaly, were very ill. One died of ventricular fibril- 
lation and the other was resuscitated from asystole. 
The other two infants (type I) had, respectively, a 
single brief episode of atrial fibrillation and atrial 
flutter; in both, reversion to normal sinus rhythm oc- 
curred spontaneously. 

In the remaining three cases, atrial fibrillation had 
developed in older patients who had undergone shunt 
surgery in infancy and thus had long standing (at 
least 16 years) volume overload of the left ventricle. 
The onset of atrial fibrillation in each case exacerbat- 
ed preexisting congestive heart failure. 

Cardiovascular anomalies: Interatrial communi- 
cations were examined in 39 autopsy specimens with 
tricuspid atresia. All but seven were patent foramen 
ovales (82 percent). Five were atrial septal defects of 
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the secundum type, and two were ostium primum de- 
fects. The maximal diameter of the communication 
ranged from 0.4 to 3.3 cm. | 
The overall frequency of associated cardiovascular 
anomalies, excluding atrial defects, was 20 percent; 
this increased to 50 percent in 30 patients with types 
II and III atresia (Table IV), whereas only 7 percent 
(b of 71) of patients with type I anatomy were so 
identified. Persistent left superior vena cava was the 
most common anomaly in patients with type I anato- 
my but also occurred in 12 percent of those with type 
II. Patent ductus arteriosus and coarctation of the 
aorta were noted especially in type II (8 of 23). Two 
patients with type III anatomy had subaortic stenosis 
that contributed significantly to their later clinical 
deterioration. One patient had truncus arteriosus in 
association with tricuspid atresia. in 
Bacterial endocarditis: Seven of the 101 patients 
had bacterial endocarditis; 2 were never clinically ill, 
the inactive infection being demonstrated at post- 
mortem examination. In a third patient the diagnosis 
was made during an episode of documented bacteria 
meningitis. No detailed information is available or 
the fourth patient, who was not in the United State: 
when bacterial endocarditis developed. The remain: 
ing three patients (all having had shunt procedures ir 
infancy) had positive blood cultures and typical en: 
docarditis, one at age 9 years and two at age 16 years. 
Hypoxic spells: Episodes of hyperpnea, increasec 
cyanosis/ weakness and, occasionally, loss of con 
sciousness occurred in 47 of the 101 patients. Only 
nine of these were more than 6 months old at the 
onset, the oldest being 2 11/12 years. Two patient: 
died. Thirty-two of the 54 patients classified as typi 
I, group A (60 percent) were among the 47 with hy 
poxic episodes as were 6 of the 14 classified as type II 
group B and 9 of the 11 with type I, group C atresia. - 
Neurologic complications: A 5 year old girl witl 
a superior vena caval-right pulmonary arterial shun 
was the only patient in whom a brain abscess devel 
oped. She was treated surgically and survived witl 
minimal neurologic sequelae. There were three cere 
brovascular accidents in our group. One was discov 
ered at autopsy. Right hemiplegia developed in th: 
second patient after a right Blalock-Taussig opera 
tion. The third patient (aged 8 months with a hemo 
globin value of 20 g/100 ml) had hemiplegia durin; 
fever, dehydration and a profound hypoxic spell; ; 
cerebral hemorrhage was found at autopsy. Finally 
two children had seizure disorders, with resting sys: 
temic arterial oxygen saturation levels of approxi 
mately 80 percent. 


Surgical Results 


Overall view: Patients with tricuspid atresia, par 
ticularly those in group A, are unlikely to survive be 
yond infancy without surgical intervention (Fig. 4) 
Table V presents our overall therapeutic experienc 
related to the three radiologic groups. Overall surgi 
cal mortality was 23 percent at the first operation 
Among the 48 patients in group A who were operatet 
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K FIGURE 5. Survival curve of entire group of 101 patients with tricus- 
. pid atresia, regardless of radiologic group or treatment, with 95 per- 


` cent confidence limits. 
* Survival curve, females, United States, 1930— 1960.5? 


.on, more than 50 percent survived for 15 years, 
_whereas only 1 of the 13 in group A who were not op- 
erated on is known to have survived infancy (Fig. 4). 
Only 3 of 23 patients in group B underwent surgery 
- (two pulmonary arterial bands and one Glenn shunt) 
. and more than 50 percent of this group, 20 of whom 
_ were treated medically, survived beyond 10 years of 
_age (Fig. 4). All but 2 of the 15 patients in group C 
had a shunt performed later in life (median age at 
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shunt creation 4 years); the mortality rate of the pro- 
.cedure was low. Pre- and postoperative catheteriza- 
tion in patients surviving a shunt operation demon- 
strated a 19 percent increase in the systemic arterial 
oxygen saturation (no. = 16, P <0.005), thus confirm- 
ing the improved clinical condition. One may con- 
clude that, with appropriate management, 50 percent 
of the patients, regardless of their radiologic classifi- 
cation, survive almost to the third decade of life (Fig. 
15). | 

_ Group A: decreased pulmonary vascularity: Of 
the 63 patients in this group only 13 were not oper- 


ated on; the lone survivor was a patient with type I 


È 
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Group B n:23 


FIGURE 4. Survival curves of 101 patients with tricus- 
pid atresia by radiologic group. Although the curves il- 
lustrating survival of postoperative patients in groups 
A, B and C are not significantly different, an early re- 
duced mortality is seen in patients in group B and C. 
Virtually all patients in group A who did not undergo 


30 surgery died in the 1st year of life. The late mortality in 


all groups is related to congestive heart failure. Only 
two patients died at a late (interval of more than 1 
year) second operation. 


atresia and extensive pulmonary collateral circula- 
tion who lived for 18 years. 

Fifty patients received either a systemic arterial to 
pulmonary arterial shunt, a superior vena caval to 
pulmonary arterial anastomosis or a combination 
thereof (Table VI); the overall mortality rate was 40 
percent. The most frequently employed operation 
was the Waterston shunt, performed in 14 patients, 
of whom 5 died (Table VI). Factors influencing surgi- 
cal mortality were age, weight and type of shunt per- 
formed. 

Thirty-eight patients were operated on before age 
1 year (Table VI). A Waterston shunt was performed 
in 13, of whom 4 (30 percent) died. The mechanism of 
death in this group varied; two patients had inade- 
quate shunts, whereas the other two had excessive 
shunts with pulmonary edema. The immediate mor- 
tality of the Potts anastomosis in infants (2 of 8) was 
comparable, the two deaths occurring intraoperative- 
ly. By contrast all infants (less than 1 year of age, less 
than 10 Ib) with either a Blalock-Taussig shunt or 
Glenn shunt as the only procedure died, except for 
one infant in whom the outcome is unknown. Four of 
the eight infants with multiple procedures died at the 
second operation (Table VI and VII). 

Although the Potts and Waterston anastomoses re- 
sulted in a respectable salvage rate in small babies in 
group A, there were late complications of both pallia- 
tive procedures. Six of the 10 survivors with a Potts 
anastomosis underwent recatheterization 9 to 16 
years after operation; 4, all with the clinical suspicion 
of pulmonary vascular obstructive disease, had pul- 
monary arterial pressure in the systemic range. The 
remaining two had normal pulmonary arterial pres- 
sure. One patient with a Waterston shunt, also sus- 
pected of having pulmonary arterial hypertension, 
underwent recatheterization one month after opera- 
tion; the pulmonary pressure was one-third of sys- 
temic level. 

Twelve patients in group A underwent surgery at 1 


TABLE V 





Tricuspid Atresia: Overview of Results of Surgical Intervention by Radiologic Groups (101 patients) | jest 
— SSS ne 
Group A (63) Group B (23) Group C (15) . Total (101) P. 
Alive Dead Unk. Alive Dead Unk. Alive Dead Unk. Alive Dead Unk. Total . 
Surgery 28 20* 2 2 1 0 10 3 3 40 24 2 66 
No surgery 1 11 1 9 11 0 2 0 0 12 22 1 3b 
Total. 29 31 3 11 12 0 12 3 0 52 46 3 101 
co oq qe E RR e IU: ZR PUR DS a BE A EAI Ac A MOR ISOMER Da aPC ANSEL, NEU Cr MOS Set EI SEO ee 
Overall mortality rate was 23 percent (19 of 66) at initial operation. 
* At second operation 5 of 20 died. 
Unk. = unknown; other abbreviations as in Table II. 
TABLE VI 
Tricuspid Atresia—Group A: Surgical Results Related to Age and Body Weight (50 patients) à 
a i MR MEM MM MM M —— fan AB A Lr E Te a! 
«1 vr, «10 Ib »1 yr, >10 Ib Total 
Type of IET ENDE tities FREMDE po f icri Mer ————ÀÁáÁÉÉÁÉ ASS 
Procedure Total Mortality (%) Total Mortality (%) Total Mortality (%) 
Waterston 13 4 30 1 14 5 367 3 
Potts 8 2 25 2 0 0 10f 2 20 
Blalock 5 4 80 0 d € 5t 4 80 
Glenn 3 3 100 5 0 0 8 3 36 
ASD 1 1 ER 0 0 0 l 1 $1. tn 
Multiple* 8 4 50 3 1 0 11 5 45 
Exploration T as due 1 0 0 l 0 0 
Total 38 18 47 12 2 17 50 20 40 
BD AMNES e CET AE LU EE POPs AE TINE RI ROSSI = RS OAR 40107 an E ew AWE AL MEE ME SS one 
* Multiple operations; mortality at second operation. 
t Outcome beyond initial hospitalization is unknown in one patient. 
ASD = surgical creation of an atrial septal defect. 
TABLE VII 
Tricuspid Atresia—Group A: Multiple Operations (11 patients) 
First Operation Second Operation Outcome 
no. Type Age Interval Type Age Alive Dead — 
ee ’ 
1 Waterston <lyr 4yr Potts 7 mo 0 1 
2 R Blalock <lyr 2 wk L Blalock <lyr 0 1 
3 Blalock - Hanlon, | 
Waterston <l yr Ro: abi ea 0 1 
4 Glenn <l yr 1 day Waterston <lyr 0 lise 
5 Blalock <lyr l 1/2 yr Potts 1 1/2 yr 0 1 
6 R Blalock, ASD <l yr 1 10/12 yr Potts 2 yr 1 0 
7 Potts <lyr 4yr Blalock 5 yr 1 0 
8 Waterston <lyr 4yr Blalock 4yr 1 0 
9 Glenn >l yr 10 yr L Blalock. 12 yr 1 0 
10 R Blalock >l yr 20 yr Band* 21 yr 1 0 
11 Blalock >l yr 1 4/12 yr Potts 2 yr 1 0. 
Total 6 5 
ce TEUER SE US DERE Qe: Cv sr ee S QUERI See Rea FSI A ERRET EON ET 
* Survived operation, but died 3 months later. 
L = left; R = right; other abbreviations as in Table VI. 
year of age or older, with an operative mortality rate the postoperative period. Three of these 12 opera- 
of 17 percent (two deaths, Table VII). Superior vena tions were second procedures in patients with pre- 
caval to right pulmonary arterial anastomosis was viously successful palliation; the one death occurred 
uniformly successful in this older age group, in con- in a 2 year old boy 24 hours after a Potts anastomo- 


trast to the infant group. The one patient with a sis. Although surgery can be deferred beyond 1 year 
Waterston anastomosis died of pulmonary edema in of age in only a minority of group A patients, surgical 
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TABLE VIII 
— Early Survival of Patients with Group B Tricuspid 
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2 Atresia Related to Anatomic Type (23 patients) 

Ba 

B Survived Cardiac 
As Anatomic >2 yr Dead* Mortality 
Type Total (no.) (no.) (%) 

a I 6 5 it 0 
Best 14 5 gt 74 
EH 3 3 08 a 
| Total 23 11 12 52 

i m. Death occurred before or at age 2 years unless otherwise 
. noted. 

_ * Noncardiac death. 

Es -+ Two late deaths at 17 and 28 years of age from con- 


E gestive heart failure (not included). 


.8 Three late deaths at age 5, 12 and 13 years, respectively 
p (not included). 
o» 
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a TABLE IX 

E . Management of Tricuspid Atresia, Group C, Related to 
y.  Anatomic Type (15 patients) 





es Surgical Nonsurgical Total 

Be Anatomic SoS ae WS MER CR AE XU MGR. 

- . Type no. Alive no. Alive no. Alive 

ae 1 (63) 9 7 2 0 11 7 

E M (23) 2 2 0 0 2 2 

MI (15) 2 2 0 0 2 2 
2 0 15 11 


a> 


Ke Total 13 11 
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-survival rates are apparently enhanced by this in- 

p. _ creased age. 

e One may conclude that in symptomatic infants 

X with group A tricuspid atresia, a Waterston or Potts 

b anastomosis will result in satisfactory salvage, but 

_ the patients are at risk for development of pulmo- 

E nary arterial hypertension. A Glenn operation or 

- Blalock-Taussig anastomosis is the procedure of 

Ë . choice for patients older than 1 year of age. 

Group B: increased pulmonary vascularity: 
The clinical course of patients in this group depends 
s on the anatomic type (Table VIII). All but one of the 
e ‘six patients with type I, a child who died from non- 
A cardiac congenital anomalies, survived without sur- 
. gery. One 6 year old had, in addition, a large patent 
. ductus arteriosus and pulmonary arterial hyperten- 
3 sion. One patient is the oldest known survivor (29 

_ years of age) in the entire series of 101. 

à In contrast only 5 of the 14 patients with type II 
. atresia lived beyond the 2nd year of life; 4 of these 
- have pulmonary arterial hypertension at systemic 
- levels, 1 after receiving an ineffective pulmonary ar- 
terial band. Six of the nine deaths occurred within 

3 . the Ist year of life; one occurred at operation for pul- 
i DONAT arterial banding, the other five, were due to 
severe congestive heart failure i in patients who were 
Pinot operated on. The remaining three deaths oc- 

i ` curred after the 1st year of life (at 2, 5 and 13 years of 
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age, respectively), all as a result of congestive heart 
failure and pulmonary arterial hypertension (clini- 
cal). 

Thus, patients with tricuspid atresia with in- 
creased pulmonary vascularity (group B) and ana- 
tomic types I or III most likely do not need palliative 

surgery such as creation of a shunt or pulmonary ar- 
terial banding. By contrast, most patients in group B 
with type II anatomy should have pulmonary arterial 
banding in early infancy, since pulmonary hyperten- 
sion tends to develop early in this group. 

Group C: changing pulmonary vascularity: 
Gallaher and Fyler?* in 1967 described three nonsur- 
gically treated patients with tricuspid atresia whose 
chest radiographic patterns shifted from increased to 
decreased pulmonary vascularity; concurrently, these 
patients went from a clinical state of congestive heart 
failure and minimal cyanosis to one of marked cya- 
nosis, hypoxic spells and no failure. Cardiac catheter- 
ization excluded the presence of pulmonary vascular 
obstructive disease and demonstrated closing ven- 
tricular septal defects. In 15 of our 101 patients, the 
emergence of radiographically ischemic lung fields 
associated with decreasing arterial saturation was ob- 
served during a time course that ranged from 5 
months to 18 years. Unfortunately only serial chest 
X-ray films and clinical observations are available in 
these patients. 

Group C encompassed 15 patients, 13 of whom had 
a shunt operation with a 25 percent mortality rate 
(Table IX). The median age at operation was 4 years, 
in contrast to patients in Group A, whose median age 
at operation was 1 year. Among nine Blalock shunts, 
one Waterston and one Glenn shunt, there were no 
deaths. The two deaths occurred at operation in in- 
fants undergoing a Potts anastomosis. Of the 11 sur- 
vivors, 5 required a second shunt at intervals that 
ranged from 3 months to 13 years. Thus, it appears 
that patients in Group C should be treated medically 
until progressive hypoxia requires surgical interven- 
tion. 


Discussion 
Clinical Features 


Tricuspid atresia as an anatomic entity was recog- 
nized?! as early as 1823; the diagnostic usefulness of 
the electrocardiogram is well known,? and has been 
repeatedly analyzed.929,32. A superior leftward fron- 
tal plane axis, the chief diagnostic key in the electro- 
cardiogram, was present in 76 percent of our patients, 
compared with its reported frequency of 81 to 82 per- 
cent.9?? This small discrepancy may have arisen by 
virtue of an increased sample size as well as inclusion 
of a sizable number of patients in our series with type 
II and type III anatomy. Although inverse correla- 
tions have been made between Py amplitude and the 
size of the atrial septal orifice,?? we, along with oth- 
ers,7979 were unable to confirm this finding. The in- 
teresting correlation between atrial a wave gradients 
and Py amplitude suggests that P wave size is related 
to right atrial work. However, an increase in Py am- 
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omy. Identification by angiogram is necessary for 
proper surgical management of these patients since - 
often no significant pressure gradient can be demon- - 
strated between the left ventricle and descending 
aorta. Coarctation in our group of patients was each 

time associated with a patent ductus arteriosus; the 

converse was not true. Persistent left superior vena 
cava, the most commonly associated cardiovascular | 


plitude as a sign of clinical deterioration!? was not 
evident in our group of patients. 

There were four patients (6 percent) with a signifi- 
cant mean gradient across the atrial septum (3 mm 
Hg or more) at cardiac catheterization, confirming a 
previously reported low incidence of interatrial mean 
gradient?? and explained by the usually unobstructed 
patent foramen ovale.??3 Balloon septostomy has 


been recommended as a routine procedure for infants 
with tricuspid atresia?* and has been used with suc- 
cess in cases of clear atrial septal obstruction.95-?7 Al- 
though none of our patients underwent balloon sep- 
tostomy, it is likely that at least two (mean atrial gra- 
dient 5 mm Hg) would have benefited from decom- 
pression of the right atrium. It therefore appears that 
balloon septostomy has a role in only the few selected 
infants with tricuspid atresia who have an apprecia- 
ble mean gradient between the right and left atrium. 

Right atrial pressures, particularly in groups A 
and B, were increased in 80 percent of the patients 
not operated on. By contrast, these pressures ap- 
proached normal values in group C, and thus were 
significantly different from values in the other two 
groups. The maximal right atrial pressure in our 
group was 25 mm Hg, present in an 18 year old with 
severe congestive heart failure; this is lower than the 
maximal pressure of 35 mm Hg previously reported.?5 
Eighteen patients, 9 of whom had mild congestive 
heart failure, had peak right atrial pressures greater 
than 16 and less than 20 mm Hg, 6 after arterial 
shunts and 12 without shunts but with increased pul- 
monary vascularity (group B). In contrast, left atrial 
pressures were notably less than normal; they did in- 
crease in patients with severe congestive heart failure 
but not to statistically significant degree. We thus 
conclude that right atrial pressure in patients with 
tricuspid atresia approaches and exceeds normal left 
atrial pressure as the right atrium becomes the filling 
chamber for the systemic ventricle. 

Hypoxic episodes were commonplace (47 percent), 
particularly in those with diminished pulmonary 
blood flow (group A) and normally related great arte- 
ries (type I). The mechanism of these spells in pa- 
tients with type I, group A anatomy is unknown but 
may be similar to that postulated for patients with 
tetralogy of Fallot.?? Although only two patients are 
known to have died during a hypoxic spell, these 


spells are ominous signs signaling critical diminution 


in pulmonary blood flow; they serve as an indication 
for shunt surgery in patients with pulmonary isch- 
emia. 

Bacterial endocarditis has been described in as 
many as 25 percent of patients surviving shunt sur- 
gery for tricuspid atresia.? In our experience it had a 
slightly lower frequency, occurring in 7 of 42 patients 
surviving shunt surgery (17 percent). None of our pa- 
tients died of the infection. 

The association of d-transposition (type II), 
coarctation and patent ductus arteriosus in tricus- 
pid atresia has long been recognized*?*! and was 

found in 25 percent of our patients with type II anat- 


anomaly, is of potential surgical significance in that - 
neither a right superior vena caval-right pulmonary - 
arterial anastomosis (Glenn) nor the Fontan opera- - 
tion would be practical in this setting. | 

Left ventricular failure, presumably as a result of - 
increased volume load on the left ventricle by either a 
naturally occurring or a surgically created left to- 
right shunt, is known to occur in tricuspid atresia!04? 
and, when severe, may lead to arrhythmias and death 
within 3 years. "d 


Surgical Treatment 


Surgical intervention has been mainly palliative to. 
date and directed toward increasing pulmonary blood 
flow. Our overall surgical mortality rate at initial op- 
eration (23 percent) (Table V) as well as the good re- 
sults in two-thirds of survivors compares favorably 
with reported series of arterial shunts?1^!? in this. 
malformation. Although results have been related to 
size and age of the patients,?!!4 meticulous atten- 
tion to anatomic detail has achieved better results in 
these small infants.*4 | 

A Potts anastomosis, effective in relieving hypoxia 
in this anomaly, has been documented to increase in 
size in growing patients from an initial 4 mm diame- 
ter to one of 17 to 20 mm?^5; such progression in ori- 
fice size appears to be related to the development of 
pulmonary vascular obstruction, which occurred in 4 
of our 10 patients. It is unknown whether a Water- 
ston shunt, another effective procedure for infants, 
also grows with the patient, and thereby also has the 
long-term complications of progressive pulmonary 
vascular obstruction. One of our 14 patients who had 
a Waterston shunt did demonstrate a large left to 
right shunt and mild pulmonary arterial hyperten- 
sion. This suggests, as does our experience with Te- 
tralogy of Fallot and Waterston shunts,‘ that the 
shunt does grow with the patient. 

Blalock and Glenn anastomoses, ineffective in al- 
leviating hypoxia in small infants for technical and 
anatomic reasons, were quite successful in older pa- 
tients, and in no case did they result in elevation of 
pulmonary arterial pressure to systemic level. The 
Glenn anastomosis, in older children, has the addi- 
tional advantage of avoiding an increased volume 
load on the left ventricle.^" A Glenn or Blalock anas- 
tomosis thus appears to be the procedure of choice 
for palliation after infancy and perhaps as a second 
operation. | 

Other palliative surgical efforts included banding 
of the pulmonary artery for large left to right shunts, 
congestive heart failure and pulmonary arterial hy- 
pertension, all frequent findings in group B. Previous 
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: | arts have emphasized the increased mortality 
_ from congestive heart failure in early life in patients 
. with type II anatomy,263648 and our experience is in 

^ agreement with the observation. Pulmonary arterial 

r - hypertension, although common in group B, type II 

. atresia, is rare in group B, type I and has required 

P ogbnenary arterial banding i in only one instance for 

. intractable heart failure.?24950 It appears, from our 

- experience and that of others, that pulmonary arteri- 

al hypertension and congestive heart failure are in- 

- frequent early events in type I, Group B tricuspid 

atresia but have a high probability of occurring in 

_ type II, group B. 

Bovelopment of diminished pulmonary vascu- 

P kity: The mechanism of diminution of pulmonary 

- vascularity in patients with type I, group C anatomy 

$ has been shown to be (1) closure of the ventricular 

- septal defect?!, and (2) progressive valvular pulmo- 

. nary stenosis. 15 This group was collected retrospec- 

- tively over an extended period of time and included 

: one patient with closure of the ventricular septal de- 

z fect, proved at necropsy. This series also included the 

fe only four patients who did not have type I anatomy; 

3 these four patients, two with type II and two with 
. type III anatomy, generally manifested decreasing 

A pulmonary vascularity over a longer time course than 

_ the other patients in Group C. The number, varied 

y anatomic type and time course of progression suggest 

h that group C anatomy is more frequent in tricuspid 
atresia than previously recognized. 

Surgical indications related to clinical course: 

Survival as illustrated by the life table curves (Fig. 4 
gand 5), manifested three distinct phases. Phase I in- 
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right ventricle associated with tricuspid atresia and hypoplasia. 
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B _ sia. Johns Hopkins Med J 132:135-145, 1973 
“10. Campbell M: Tricuspid atresia and its prognosis with and with- 
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41 Subramanian S, Carr I, Waterston DJ, et al: Palliative surgery 
|. in tricuspid atresia—42 cases. Circulation 32:977-980, 1965 
42. Paul MH, Greenwood RD, Cole RB, et al: Aortic-pulmonary 
. . anastomosis for tricuspid atresia 1946-1968. Circulation 39: 
A Suppl III: Ill- 160, 1969 


cluded the initial mortality of approximately 40 per- 
cent by the end of the 1st year of life, varying accord- 
ing to radiologic group (Fig. 4). Phase II was stable 
and prolonged, lasting for approximately 15 years 
and encompassing 50 percent of the patients. The 
final phase began approximately in the middle of the 
second decade of life, when a gradual attrition devel- 
oped, attributable to congestive heart failure. There 
was only one surgical death, unrelated to congestive 

heart failure, among patients who survived beyond 10 
years of age. Such a three-staged course indicates the 
need for early palliative surgery and suggests that 
perhaps earlier attempts at direct right atrial to pul- 
monary arterial anastomosis may be warranted, par- 
ticularly as patients enter the second decade of life. 


Addendum 


Since acceptance of this manuscript, new informa- 
tion has become available regarding three patients 
who were initially examined during the study period 
(1942 to 1973). One patient, included in this study, 
initialy presented with severe tricuspid stenosis, 
which developed into tricuspid atresia. Two patients 
not included in this report have tricuspid atresia, 
both are in group C, one with type II and one with 
type III anatomy; both have survived to the 3rd dec- 
ade of life. 
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Surgical treatment of cardiovascular complications in patients with 
Marfan's syndrome is usually recommended with apprehension since 
the systemic nature of the disease predisposes to early and late com- 
plications. To define the incidence of these complications, 30 patients 
were evaluated after surgical treatment of aortic insufficiency and as- 
cending aortic aneurysm at the Texas Heart Institute. To provide a 
minimal follow-up period of 5 years, only patients operated upon during 
or before 1968 were included in this series. There were 9 female and 
21 male patients aged 4 to 80 years (mean 44 years). Aortic insuffi- 
ciency was treated by valvuloplasty in 3 patients and by aortic valve 
replacement in 27. Graft replacement of the ascending aorta was re- 
quired in 23 patients, and the aneurysm was excised and the aorta re- 
paired by direct anastomosis in 7. 

Two patients were lost to follow-up study; 12 of the remaining 28 
(42.8 percent) lived 5 years or more. The hospital mortality rate was 
20 percent (6 of 30); the causes of death included dissection or rup- 
ture of the aorta in three patients, congestive heart failure in two and 
pulmonary embolism in one. The 24 survivors lived from 5 weeks to 9 
years. Follow-up data were available on 22 of these patients. Ten of 
these (45.4 percent) died of late complications. Seven died suddenly, 
four of these had redissection, one patient had occlusion of the right 
coronary artery, and two had ventricular fibrillation of no apparent 
cause. The remaining three died of noncardiac causes. 

Although the risk of ascending aortic and aortic valve surgery in pa- 
tients with Marfan's syndrome is high, 42.8 percent of the patients in 
our series survived 5 years or more. We believe that surgery should be 
recommended for patients with Marfan's disease who have dissection 
of the aorta or severe aortic regurgitation, or both. 


Marfan's syndrome is a generalized inherited disorder of connective 
tissue.’ The clinical manifestations include generalized skeletal ab- 
normalities, associated with ectopia lentis, and cardiovascular lesions, 
which have been reviewed in a comprehensive monograph by McKus- 
ick. Although the cardiovascular complications of Marfan’s syn- 
drome are not necessarily the most disabling, they are the most fre- 
quent cause of death.4^ 

The following comment from an editorial that appeared in 1957 
seems appropriate: "In an era when slenderness and ectomorphy are 
being equated with long life, it may be wise to point out an excep- 
tion."6 Numerous reports have emphasized that the long-term prog- 
nosis of patients with Marfan's disease is poor because of the basic 
defect in connective tissue. Furthermore, recommendation for cardio- 
vascular surgical intervention is made with a natural apprehension 
since the connective tissue disorder may predispose to recurrence. We 
report here our long-term results of surgical treatment. 


Materials and Methods 


Between January 1, 1964 and December 31, 1968, 30 pa- 
tients with Marfan’s syndrome and aneurysm of the as- 
cending aorta and aortic insufficiency were treated surgi- 
cally at the Texas Heart Institute of St. Luke’s Episcopal 
and Texas Children’s Hospitals. Included in the series were 
9 female and 21 male patients whose ages ranged from 4 to 
80 years (mean 44). Only patients operated upon before or 
during 1968 were considered in order to provide a minimal 
follow-up period of 5 years. The clinical diagnosis of Mar- 
fan’s disease was based upon the skeletal findings of each 
patient. Although some patients did not have the physical 
characteristics of Marfan’s syndrome, all had cystic medial 
necrosis of the excised aorta. 

The usual clinical examination was made of all patients 
including chest roentgenogram, electrocardiogram and rou- 
tine laboratory evaluation. Of the 30 patients, 13 also un- 
derwent angiographic and cardiac catheterization studies. 

Follow-up data on the 30 patients were obtained during 
subsequent visits to our institution or from written reports 
by the patients themselves or the physicians rendering pri- 
mary care. The cause of death was ascertained from the 
hospital chart, autopsy report or the attending physician. 
Of the 30 patients, 2 were lost to follow-up study. These 
two patients were seen as outpatients up to 3 years postop- 
eratively. 


Results 


Clinical features: Examination of the chest 
roentgenograms revealed the heart silhouette to be 
enlarged in all patients; there was evidence of ascend- 
ing aortic aneurysm in 12. Electrocardiograms re- 
vealed left ventricular hypertrophy in 25 patients, 
left axis deviation with intraventricular conduction 
defect in 3, subendocardial ischemia in 1 and normal 
findings in 1. Two patients had atrial fibrillation; the 
other 28 had sinus rhythm. 

Surgical procedure: All but seven patients un- 
derwent both replacement of the aortic valve and 
graft replacement of the ascending aorta (Table I). 
Three patients had aortic valvuloplasty and graft re- 
placement of the ascending aorta. Valvuloplasty and 
primary anastomosis of the ascending aorta were not 
performed concomitantly in any of the patients in 
this series. 

Survival rate: Among the total group of 30 pa- 
tients, 24 survived operation and were discharged 
from the hospital (Table II). Length of survival in 
these 24 patients ranged from 5 weeks to 9 years 
(mean 42 months). Of the total group, 14 patients 
survived 3 or more years. Two of the 14 were lost to 
follow-up study but had been examined at the Texas 
Heart Institute up to 3 years postoperatively and 
were doing well. The remaining 12 were alive and 
asymptomatic 5 or more years postoperatively. The 
mean age of these 12 patients was 41 years. 

Cause of death: Of the 16 deaths in the series, 6 
(20 percent [6 of 30]) occurred within 30 days of oper- 
ation (patients’ mean age 51 years) and 10 more than 
30 days after operation (patients’ mean age 44 years) 
(Table III). Of the six patients who died within 30 
days of operation, three had rupture of a dissecting 
aneurysm at a distal site, one had a large pulmonary 
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TABLE ! 
Surgical Repair in 30 Patients with Marfan’s Syndrome 
Procedure Patients (no.) 
Graft 23 
Primary closure 7 
Total 30 
Aortic valve replacement 27 
Valvuloplasty 3 
Total 30 





TABLE II 


Survival of Patients with Marfan’s Syndrome Who 
Underwent Operation 





Status Patients (no.) 
6 (20%) 





Hospital mortality 

Late deaths 10 (33.3%) 

Late survivors (3 to 9 years) 14 (46.7%) 
Total 30 à 

5 year survival rate 12/28* (42.8%) 





* Two patients were lost to follow-up but were alive and well | 
3 years after operation. 


TABLE Ill 
Causes of Early Death (30 Days or Less Postoperatively) 





Cause of Death Patients (no.) 





Dissection 3 
Congestive heart failure 2 
Pulmonary embolus 1 

Total 6 





TABLE IV 
Causes of Late Death 





Cause of Death Patients (no.) 








Dissection 4 

Cardiac arrest 3 

Bleeding 1 

Cerebrovascular accident 1 

Serum hepatitis 1 

Total 10 
TABLE V 


Annual Hospital Mortality in the 30 Patients 
with Marfan’s Syndrome Who Underwent Operation 
Between 1964 and 1968 


Year Operated On 





Patients (no.) Hospital Mortality 





1964 5 1 of 5 (20%) 
1965 11 2 of 11 (18%) 
1966 4 1 of 4 (24%) 
1967 8 2 of 8 (25%) 
0.012. 


1968 2 





embolus and two died of cardia failure of unknown 


cause. 
Of the 10 late deaths, 1 was associated with a cere- 


. brovascular accident; at postmortem examination an 


organized clot was found around the aortic prosthesis 
(Table IV). One patient died from-serum hepatitis, 
four because of additional dissection of the aorta and 
another because of a major hemorrhage, possibly in- 


. duced by anticoagulant agents. Three other patients 


died suddenly; at autopsy no cause of death could be 
ascertained in two and the right coronary artery was 


~ occluded with a fresh thrombus in one. 


Annual mortality rate: The annual surgical mor- 


_ tality ftom 1964 to 1968 is presented in Table V. It is 


apparent that the number of patients is too small for 


. conclusions to be drawn concerning mortality and 


. morbidity associated with Marfan’s syndrome during 
_ those early years of open heart surgery. The period 
. under study ended in December 1968. Since then, an 
. additional 109 patients have undergone aortic valve 
. replacement and repair of an ascending aortic aneu- 


. rysm (some of whom had Marfan's syndrome). Dur- 
. ing the latter period, 1969 to 1973, the overall hospi- 
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CT 


. tal mortality rate was 13 percent (14 of 109). 


Discussion 


The clinical manifestations and complications of 


d patients with Marfan's syndrome are related to the 
- basic connective tissue disorder. As a cause of death, 


the cardiovascular complications far exceed all oth- 


. ers. They are estimated to occur in 30 to 60 percent of 


. patients with Marfan's syndrome. However, Mur- 
- doch et al.,? reported that 93 percent of 257 patients 


- had cardiovascular lesions. 


Dimond et al.,’ in 1957, and others?? have made 


unsuccessful attempts to arrest aortic regurgitation 
.in these patients with the Hufnagel valve. In 1962 


Conklin et al.!° described successful palliation in a 10 


_ year old child with Marfan's syndrome and aortic re- 


gurgitation with use of a Hufnagel valve implanted in 


_the descending thoracic aorta. Muller et al! re- 


t 
> 


: 


ported successful replacement of an aneurysm with a 


prosthetic graft and “bicuspidation” of the aortic 


valve in three cases of Marfan’s disease. Others!2-18 
have reported 12 similar cases treated surgically. Re- 
cently, Symbas et al.!9 described one case and re- 
viewed others previously reported. The findings from 
the latter report were limited, and further clinical in- 
vestigation and surgical experience are necessary to 
determine whether the basic connective tissue defect 
precludes successful long-term medical or surgical re- 
sults. 

The survival for 5 years or more of 12 of 28 pa- 
tients (42.8 percent) in our series serves to emphasize 
that the natural history of Marfan’s disease, after 
surgical treatment of an ascending aortic aneurysm 
and aortic insufficiency, is not one of inevitable de- 
velopment in rapid sequence of new arterial dissec- 
tion or complication. 

The main cause of postoperative death appears to 
be related to the basic connective tissue disorder. 
Hemorrhage or rupture of the aortic suture lines, or 
both, appeared to result from a loss of tensile 
strength of the aorta. Aortic regurgitation persisted 
in some cases as a result of incomplete correction 
with aortic valvuloplasty, and recurred in others be- 
cause of secondary, partial dehiscence of the inserted 
valve. 

Therapeutic implications: Improved techniques 
of extracorporeal circulation allowing more meticu- 
lous surgical reconstruction, development of more de- 
pendable aortic prostheses, demonstration of the ex- 
tent of dissection by angiography and the use of non- 
porous woven Dacron® grafts to establish aortic con- 
tinuity all have contributed to reducing surgical mor- 
tality.2° Although surgical treatment of the life- 
threatening cardiovascular complications of Marfan's 
syndrome is associated with high risk, the results 
make evident that these are not hopeless cases. The 5 
year survival rate of 42.8 percent supports our. belief 
that surgical treatment should not be withheld even 
though these patients have a basic biochemical defect 
in connective tissue that may result in future cata- 
strophic complications. 
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With recent advances in all phases of coronary care and the increas- 
ing success of coronary arterial surgery, operative treatment of coro- 
nary artery disease is more readily recommended, even for patients 
over 70 years of age. In a series of 3,730 patients who underwent aor- 
tocoronary bypass from November 1969 through June 1974, there 
were 95 patients who were 70 years of age or older. The primary indi- 
cation for surgery was severe angina, which was present in 88 pa- 
tients. The mean coronary arterial score was 9.51. Associated valvular 
lesions were treated surgically in 21 patients, and a left ventricular an- 
eurysm was resected in 7. Improvements in surgical technique and 
postoperative care are responsible for the hospital mortality rate of 
only 4.8 percent in the 21 patients operated upon during the first 6 
months of 1974 compared with the overall mortality rate of 22.1 per- 
cent in all 95 patients. Long-term follow-up among the 95 patients in- 
cludes data from 33 patients: 9 patients whose condition improved, 21 
who were asymptomatic and 1 “coronary death". 


Surgical treatment of noncardiac atherosclerotic lesions is now per- 
formed routinely in patients of all ages, including those in their sev- 
enth and eighth decades. Recent advances in all phases of coronary 
care have greatly reduced the risk of coronary artery bypass proce- 
dures,’ and surgical treatment of coronary arterial occlusive disease 
is now recommended without apprehension, even for patients over 70 
years of age. We present our experience with patients in this age 
group who underwent aortocoronary saphenous vein bypass surgery 
at the Texas Heart Institute from 1969 through the first 6 months of 
1974. 


Clinical Material 


Among 3,730 patients who underwent surgical treatment of occlusive coro- 
nary artery disease, 95 were 70 years of age or older. There were 75 men and 
20 women whose ages ranged from 70 to 79 years (average 71.9 years). 

The outstanding symptom noted on admission to the hospital was angina 
pectoris (88 patients, 93 percent); in 52 it was of the crescendo type and in 17 
it was classified as preinfarction angina. Ten patients were considered to be 
in functional class II, 62 in class III and 23 in class IV (New York Heart Asso- 
ciation classification). Eleven patients had congestive heart failure at the 
time of admission. A history of one or several previous myocardial infarctions 
was reported by 49 patients, and 55 had electrocardiographic evidence of an 
old myocardial infarction (27 anterolateral and 28 posteroinferior). Three 
women and 11 men had diabetes mellitus, and 20 patients had been treated 
for hypertension. Seventeen patients had symptoms of associated peripheral 
atherosclerotic vascular disease. 

Selective coronary arteriography was performed in all patients and re- 
vealed single vessel disease in 9, double vessel disease in 22, triple vessel in- 
volvement in 50 and quadruple vessel disease, including a lesion in the left 
main coronary artery in 14 patients. The mean coronary arterial score, ac- 
cording to the method of Friesinger et al.,5 was 9.51 (Table I). The mean left 
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TABLE I | 
Symptoms and Preoperative Characteristics in 95 Patients 70 Years of Age or Older A 
Who Underwent Aortocoronary Bypass Surgery za 
NYHA Associated Anomalies | i 
Functional ; SS 
Classification Previous Mean Left Ven- Ascending 
Patients dated NT Du Myocardial Coronary Ar- Valvular tricular Aortic. 
Year (no.) Angina Hl IV Infarction CHF terial Score Lesions Aneurysm Aneurysm 
Utrd WE SEO 2 ye es st RN a a UE E i e e 
1969 1 1 1 i M. P 4.00 l ys Iu 
1970 2 2 2) 1 2 1 9.00 1 3 
1971 23 22 17 5 16 2 9.35 7 3 
1972 17 17 13 2 11 2 9.12 3 1 ^ 
1973 31 27 18 11 14 4 10.16 11 2 nae 
1974 21 19 13 4 12 2 8.59 4 1 
(Jan- 
June) 
Total 95 88 62 23 55 11 9.51 26 7 1 
CHF = congestive heart failure; NYHA = New York Heart Association. : 
TABLE Il 
Operative Procedures and Methods » 
Resect ^X Resect 
Left Ven- Ascending 
Graft Endar- tricular Aortic Hypo- Mean Total 
Patients terec- | Aneu- Aneu- ther- Ischemic 
Year (no.) Single Double Triple Quadruple tomy AVR MVR rysm rysm mia Time (min  . 
AATAS LAE OIE AN A E a E i ROME TEARS M a e AREE EE 
1969 1 1 A NT 1 NT KR le ib. 25.0 
1970 2 1 1 att Ry l 53.5 
1971 23 6 14 3 ie 9 5 2 2 42.2 
1972 17 5 6 6 ey 3 2 bes 1 8 50.5 
1973 31 6 10 14 1 4 7 2 2 a 27 57.0 
1974 21 3 6 9 J 4 4 J aan i ise 1 18 55.6 
(Jan- 
June) 
Total 95 22 37 32 4 20 19 2 6 1 55 51.6 
AVR = aortic valve replacement; MVR = mitral valve replacement. 
ventricular end-diastolic pressure was 15.03 mm Hg. A left C in 55 patients, a routine procedure since 1973. Anoxic 
ventricular angiogram revealed an aneurysm in 7 patients cardiac arrest was induced in all patients by cross-clamping - 
and a pronounced hypokinetic or akinetic area of the left the aorta. Until 1973 this procedure was carried out as one 
ventricular wall in 23. Associated anomalies included se- total cross-clamping period; since then, intermittent aortic 
vere aortic valve stenosis in 17 patients, aortic insufficiency occlusion has been used during performance of the distal - 
in 4, mitral insufficiency in 4 and idiopathic hypertrophic anastomosis and partial occlusion of the ascending aorta - 
subaortic stenosis in 1. Concomitant procedures included for the proximal anastomosis. 
resection of an ascending aortic aneurysm in one patient The mean total ischemic time was 52 minutes for all pa- — 
and of an abdominal aortic aneurysm in three patients, re- tients (Table II). A single graft procedure was performed in — 
pair of a hiatal hernia in four and a cholecystectomy in two 22 patients, a double in 37, and a triple in 32; a quadruple 
patients. bypass graft was placed in 4. It was necessary to perform 


endarterectomy of the right coronary artery in 16 patients, - 


Operative Technique of the left anterior descending artery in 3 and of the obtuse 


All patients underwent aortocoronary artery bypass sur- 
gery with use of a reversed saphenous vein and total cardio- 
pulmonary bypass. Priming was accomplished with 30 
ml/kg body weight of 5 percent dextrose in Ringer's lactate 
solution. Flow rates from 40 to 55 ml/kg with a bubble oxy- 


tients, 15 of whom received a single aortocoronary vein 
graft. Of four patients who had mitral insufficiency, two 
underwent mitral valve replacement. 


marginal branch of the circumflex artery in 1 patient. Con- _ 
comitant aortic valve replacement was performed in 19 pa- — 


genator were used, maintaining a mean arterial pressure of Results. 

at least 50 mm Hg. A left atrial vent was inserted through : : A ; 

the right superior pulmonary vein. Moderate general hypo- Operative mortality: Of the 95 patients, 16 died 
thermia was achieved by core cooling to 30° C, and the in the immediate postoperative period. Thirteen pa- - 


P 
id. wu 


heart was cooled topically with saline solution cooled to 12? tients died from myocardial failure—either when . 


a 
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‘TABLE III 


.. Nonfatal Complications and Early Postoperative Mortality 
br Overall 1st Day Mortality 


New Early 
Low Subendo- ^ Myocar- Pulmo- Mortality — Myocar- 

Patients Cardiac cardial dial In- Postop nary Com- (30 days dial Insuf- 
Y Year (no.) Output Arrhythmia Ischemia farction Bleeding plications postop) ficiency Arrhythmia 
-~ 1969 1 "A ^s 1 1 
1970 2 1 1 hit i 1 PY 1 1 
«1971 23 9 2 2 1 2 6 3 
1972 17 4 Han 1 1 3 1 2 
1973 31 4 9 6 2 1 Sr 9 6 1 
1974 21 4 6 2 1 2 1 1 
pees (an. 
; June) 
| Total 95 8 29 11 3 5 21 13 3 


— Postop = postoperative. 


E coming off cardiopulmonary bypass (11 patients) or 
_ during the first 24 hours after operation (2 patients). 
.. Three patients died on the first postoperative day 
— from sudden, irreversible ventricular fibrillation that 
. occurred after a new myocardial infarction in one and 
. had no apparent cause in two. One patient died after 
_ 21 days from acute left ventricular infarction and one 
— died 14 days postoperatively from multiple causes, 
including cerebral emboli and pulmonary infection. 
"(The early myocardial mortality rate was therefore 19 
. percent (18 patients). Three other hospital deaths oc- 
- eurred, two from massive gastrointestinal hemor- 
- rhage because of stress ulcerations after 9 and 25 
. days, respectively, and one from pulmonary compli- 
. cations after 14 days. The overall hospital mortality 
- rate was therefore 22.1 percent (21 patients). Of these 
. 21 patients, 9 had associated cardiac operations; 7 
. underwent valve replacement and 2 resection of a left 
. ventricular aneurysm, thereby reducing the mortality 
`. rate for coronary arterial surgery alone to 12.6 per- 
cent. 

Operative complications: Nonfatal postoperative 
complications (Table III) included low cardiac out- 
_ put in 8 patients requiring temporary treatment with 
_ vasopressor agents, the appearance of a new myocar- 
. dial infarction (new Q wave) in 6 patients and elec- 
_ trocardiographic evidence of subendocardial isch- 
. emia (S-T segment depression) in 11 patients. Nonfa- 
- tal transitory arrhythmias included atrial fibrillation 
. in 12 patients, atrial flutter in 3, premature ventricu- 
lar contractions in 8 and premature atrial contrac- 
_ tions in 6. Postoperative bleeding necessitating a sec- 
. ond thoracotomy occurred in only three patients. 
At present, 33 patients are included in the late fol- 
_ low-up study, and the mean follow-up period is 1.6 
. years. One patient was operated upon at the end- 
. stage of coronary artery disease after having had five 
. myocardial infarctions; he became asymptomatic but 
died from congestive heart failure 20 months postop- 
. eratively. Another patient died after 2 months from 
-= severe aortic insufficiency due to a periprosthetic 
. leak caused by acute bacterial endocarditis after aor- 
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tic valve replacement. One other patient died 1 year 
after operation from metastatic carcinoma of the par- 
otid gland. After surgery, 21 patients were free of an- 
gina, 9 experienced some relief and the condition of 2 
was unchanged. 


Discussion 


Since surgical procedures carry a higher risk in pa- 
tients 70 years of age or older,!? the indication for 
major surgical intervention in this age group depends 
to a great degree on the quality of life desired by the 
individual patient. The main goals of myocardial re- 
vascularization are to relieve severe and often dis- 
abling chest pain and to help the patient maintain or 
improve the vitality of his life. When medical treat- 
ment alone fails to accomplish these two aims, pa- 
tients, even in older age groups, should have the ben- 
efit of surgical treatment. 

In recent reports? the mortality rates for patients 
in their seventh decade who underwent coronary ar- 
terial surgery, although not prohibitive, were higher 
than for younger patients. This was true in our series 
in which the operative mortality rate of 22 percent in 
the older age group compared unfavorably with the 
overall mortality rate of 6.4 percent in patients of all 
ages. Ashor et al? reported a total mortality rate of 
10 percent among 100 patients 65 years of age or 
older who underwent coronary arterial surgery; how- 
ever, the mortality rate was 18.22 percent in patients 
who were 70 years or older in this same series. In our 
series 23 percent of the patients also had associated 
cardiac valve replacement compared with only 3 per- 
cent of the patients in their report. 

Factors leading to reduced surgical mortality: 
Although there was no significant difference in the 
severity of symptoms and coronary lesions in older 
patients operated upon during any single year since 
1969 (Table I), there was a striking reduction in the 
postoperative mortality during the first 6 months of 
1974 (Table III). Among 21 patients 70 years of age 
or older who had coronary bypass surgery between 
January and June 1974, only one early postoperative 
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death occurred. Technical advances responsible for 


this improved survival rate include better myocardial © 


protection from prolonged ischemia through inter- 
mittent myocardial perfusion by an aortic cross- 
clamp release between the different distal anasto- 
moses in all 21 patients and the use of a partial oc- 
cluding clamp on the aorta for performance of the 
proximal anastomosis in 6 patients. To reduce suben- 
docardial damage due to prolonged ventricular fibril- 
lation during the period of anoxic cardiac arrest, 
small doses of propranolol hydrochloride (Inderal$) 
were administered before cross-clamping of the aorta 
of all patients who had left ventricular hypertrophy 
due mainly to aortic valve stenosis. Of the 21 pa- 
tients, 4 had low cardiac output during the first post- 
operative day and recovered with careful use of vaso- 
pressor agents. Dopamine hydrochloride is now being 
used in some of these older patients, replacing epi- 
nephrine and Levophed? (levarterenol bitartrate), 
and may constitute an improvement in the postoper- 
ative management of these cases. 

We agree with Wisoff’ that technical factors are 
very important; one is the completeness of the myo- 
cardial revascularization procedure. One patient in 
our series who underwent aortic valve replacement 
for severe aortic stenosis in addition to insertion of 
one aorta to right coronary artery bypass graft sus- 
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tained an acute left ventricular infarction and died 21 
days after operation. Preoperative coronary arteriog- 
raphy had shown evidence of complete occlusion of 
the right coronary artery and 75 percent stenosis of 


"m 


the circumflex branch of the left coronary artery in | 


this patient. A second bypass to the obtuse marginal 
or distal circumflex branch might have prevented the 
death of this patient. 

Indications for surgery in older age group: The 
optimal age at which a patient should undergo coro- 
nary surgery is still being debated.? Because mortali- 


ty rates in all surgical reports'?^^ are higher for older — 
age gyoups, it would appear that patients should un- - 





derg@ coronary arterial surgery before irreversible 


myo@rdial damage has occurred as a result of re- - 


pea 





myocardial infarctions.? More than 50 percent — 


of the patients in our series of 95 patients had one or © 
several myocardial infarctions before admission to 


our hospital. Since preinfarction angina is a widely 


accepted indication for surgical treatment,®!° more - 
patients will be operated upon at an earlier stage of | 


disease in future years. With achievement of a higher 
degree of perfection in anesthesiologic and surgical 
techniques and improvements in postoperative care, 
operative mortality can be further reduced, making 


coronary arterial occlusive lesions as amenable as pe- — 


ripheral vascular disease to surgical treatment. 
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Echocardiograms were recorded both before and after the clinical ap- 
pearance of an autopsy-confirmed interventricular septal rupture in a 
patient with an acute myocardial infarction. The major findings were 
related to the upper portion of the interventricular septum. Before rup- 
ture, this portion of the septum was relatively akinetic with a slight an- 
terior motion during systole, whereas after rupture there was a marked 
increase in the amplitude of septal motion with abrupt posterior motion 
occurring with the onset of ventricular diastole. 


When rupture of the interventricular septum complicates the course 
of an acute myocardial infarction invasive studies are frequently nec- 
essary to differentiate it from mitral regurgitation secondary to papil- 
lary muscle rupture.!-? This is particularly true when surgical inter- 
vention is contemplated. We present herein the echocardiographic 
findings obtained both before and after the appearance of the clinical 
signs of interventricular septal rupture in a patient with an acute 
myocardial infarction. The rupture was subsequently confirmed at 
postmortem examination. We believe that the data may be of value in 
the differential diagnosis of this catastrophic event. 


Case Report 


An 80 year old man was admitted to the coronary care unit with substernal 
aching, nausea and diaphoresis of 6 hours' duration. There was no previous 
history of cardiovascular disease although 4 weeks before admission digoxin 
therapy was started for unknown reasons. 

Physical examination on admission revealed an elderly man in no acute 
distress. The blood pressure was 120/80 mm Hg and the pulse was 60/min 
with occasional ventricular extrasystoles. The skin was warm and moist. Ex- 
amination of the chest revealed an increased thoracic anteroposterior diame- 
ter with scattered expiratory pulmonary wheezes. There was no evidence of 
jugular venous distension or peripheral edema. Examination of the heart re- 
vealed a low amplitude apical impulse in the left mid-clavicular line without 
a thrill, heave or paradoxical pulsation. The first and second heart sounds 
were of diminished intensity with a prominent fourth heart sound heard at 
the apex. No murmurs or rubs were heard. The electrocardiogram revealed 
sinus rhythm, frequent ventricular premature beats, left axis deviation and 
evidence of an acute diaphragmatic wall myocardial infarction. 

The patient was placed on a regimen of bed rest and given morphine, na- 
sally administered oxygen and intravenously administered lidocaine. A rou- 
tine echocardiographic study was performed (Fig. 1A). Serum enzyme studies 
confirmed the diagnosis of acute myocardial infarction. On the 2nd hospital 
day the patient complained of the sudden onset of shortness of breath and 
right-sided pleuritic chest pain. He appeared acutely ill and dyspneic with a 
blood pressure of 110/60 mm Hg and a pulse rate of 110/min. For the first 
time a systolic thrill and a grade 3-4/6 pansystolic murmur were heard, both 
maximally at the lower left sternal border. A repeat echocardiographic study 
was performed (Fig. 1B). During the ensuing 12 hours progressive irreversible 
cardiogenic shock developed and the patient died on the 3rd hospital day. 
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FIGURE 1. Echocardiograms. A, on admission, showing a scan performed from the cardiac base to the apex, moving from left to right. Note the 
generally decreased motion of the interventricular septum (S) with slightly anterior systolic motion in the upper portion. As one scans toward the 
cardiac apex, the amplitude of septal motion decreases (to the right of letter S). Ao = aortic root; M = mitral valve leaflet echo; PW = left ven- 
tricular posterior wall echo. B, approximately 5 hours after the appearance of clinical signs of septal rupture. The scan was performed from the 
base to the apex, moving from left to right. The upper portion of the septum (S) exhibits a markedly increased amplitude of motion, whereas the ~ 
lower portion (to the right of S) remains relatively akinetic. M = anterior mitral valve leaflet echo; PW = general area of left ventricular posterior - 


wall echo. 


Pathologic Findings 


Pertinent findings at autopsy were limited to the heart, 
which weighed 410 g. Sectioning revealed marked softening 
of the posterior portion of the interventricular septum. Ap- 
proximately 1.8 cm below the posteromedial mitral leaflet a 
defect, which measured 1.0 by 1.5 cm, was observed in the 
posterior portion of the septum. À section through this area 
disclosed yellow mottling and thinning of the myocardium. 
The papillary muscles were grossly normal. Examination of 
the coronary arteries revealed severe atherosclerosis of all 
three major coronary branches with a recent thrombosis of 
the right coronary artery approximately 1.0 cm from its os- 
tium. 


Echocardiographic Findings 


With the patient in the supine position, echocardi- 
ographic studies were performed with use of the 
subxiphoid approach described by Chang and Feig- 
enbaum.® An Ekoline 20 ultrasonic machine (SKI In- 
struments, Palo Alto, Calif.) and a 2.25 megahertz, 
1.25 cm diameter transducer with an unfocused beam 
(Aerotech Labs, Lewistown, Pa.) were used. Record- 
ings were made on a Honeywell 1856 Visocorder. 
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The admission echocardiogram (Fig. 1A) exhibits | 
an overall decrease in the amplitude of interventricu- 
lar septal motion. Closer inspection reveals a slight 
anterior motion of the septum away from the left 
ventricular posterior wall during systole that tends to 
diminish as one scans toward the cardiac apex, the 
septum becoming essentially flat. Normally the inter- 
ventricular septum moves posteriorly toward the left 
ventricular wall during systole, and its amplitude of 
motion increases as one scans toward the cardiac 
apex.’ The anterior mitral valve leaflet echo appears 
normal. 

Figure 1B shows the echocardiogram performed 
approximately 5 hours after the appearance of the 
clinical signs of septal rupture. The upper portion of 
the septum, which originally had a slight anterior dis- 
placement during systole now demonstrates a mark- 
edly increased amplitude of motion. An abrupt poste- 
rior motion with the onset of ventricular diastole is 
also seen. In addition, the upper portion of the sep- 
tum, when compared with the lower portion, appears 
considerably thinner. The lower portion of the sep- 
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j — tum (to the right of the letter S in Figure 1B) is rela- 


_ there are no specific echocardiographic findings un- 


tively akinetic, essentially unchanged from the ad- 
mission tracing. The anterior mitral valve echo re- 
flects the increase in cardiac rate from the earlier 


. tracing, but otherwise remains normal. 


Discussion 
In isolated congenital ventricular septal defects, 


_ less the defect is quite large, whereas coronary artery 


disease alone has been shown to be one cause of ab- 


— normal interventricular septal motion." In a series of 


48 patients with documented coronary artery disease 


3 Jacobs et al. found a high correlation between di- 
. minished, flat or paradoxical septal motion and sig- 


nificant disease of the left anterior descending coro- 


= nary artery. The abnormal interventricular septal 


motion seen on admission in our patient (Fig. 1A) 


er was probably due to coronary disease and recent in- 


farction. The absence of other known causes of ab- 


— normal motion (left bundle branch block, isolated 
right ventricular volume overload, prosthetic aortic 


_ valve) and the postmortem findings of a large infarc- 


— tion involving the interventricular septum tend to 
-. support this hypothesis. 

— The lower portion of the interventricular septum 
= remained relatively akinetic both before and after 


the clinical signs of septal rupture appeared. Al- 


— though less involved in the ischemic process than the 
- upper portion of the septum, this portion apparently 


was not able to resume active contraction. The major 
echocardiographic change after the septal rupture 
was observed in the upper portion of the septum. The 
area that had exhibited slight anterior motion during 
systole before rupture demonstrated, after rupture, a 
marked posterior motion with the onset of ventricu- 
lar diastole (Fig. 1B). Two possible explanations can 
be considered for the change in interventricular sep- 
tal motion; the first is that this represents a dynamic 
response of the septum to a biventricular volume 
overload; the second is that it represents passive mo- 
tion of a flail dyskinetic septum. We favor the latter 
explanation since it appears to correlate well with the 
pathologic finding of extensive infarct in the basal 
portion of the septum. It would be unexpected for an 
extensively infarcted septum to respond dynamically 
to a sudden volume overload and, in addition, have 
the less ischemic apical portion respond little or not 
at all. The infarcted portion of the septum probably 
moved passively downward during isovolumetric re- 
laxation and then moved anteriorly as the ventricle 
began to fill with blood. 

Use of the subxiphoid approach in our studies may 
have been responsible for our ability to record these 
changes in septal motion, and our findings may not 
correlate exactly with the septal motion usually re- 
corded from the left sternal border. Nonetheless, we 
believe they may be of value in differentiating ven- 
tricular septal rupture from other catastrophic events 
that occur in the course of an acute myocardial in- 
farction. 
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The echocardiographic findings in a case of Uhl's anomaly, or congeni- 
tal hypoplasia of the right ventricular myocardium, are reported. Dia- a 
stolic opening of the pulmonary valve is described. Comparison is — 
made with echocardiograms in Ebstein's disease of the tricuspid valve, — 
and it is suggested that echocardiography can help in differentiating — 
these two entities. In addition to the pulmonary valve finding, increased — 
right ventricular dimension, delayed tricuspid closure and abnormality . 
(prolapse) of the mitral valve were noted. The echocardiographic find- 
ings are compared with cardiac catheterization data. 


Uhl’s anomaly, or congenital hypoplasia of the right ventricular myo- 
cardium, was described in 1952.! In addition to the right ventricular . 
abnormalities, more extensive involvement has been reported, includ- 
ing elements of endocardial fibroelastosis and myocardial hypoplasia 
of other cardiac chambers.?-9 Although the anomaly is an uncommon 
congenital heart lesion,'-?! it presents a difficult clinical problem 
since it may be confused with Ebstein's disease of the tricuspid valve, 
pericardial effusion or other forms of cardiomyopathy. This report 
describes the echocardiographic findings in a case of Uhl's anomaly, 
the most remarkable component being a demonstration of diastolic 
opening of the pulmonary valve. Comparison with reported echocar- 
diographic findings in Ebstein's disease of the tricuspid valve suggest 
that the echogram may help to differentiate these entities. 


Case Report 


The patient was a 14 year old girl who had had a benign medical history 
until the age of 4 1/2 years, when she was thought to be mildly cyanotic dur- 
ing a routine physical examination. At age 5, right heart catheterization data 
and an angiocardiogram were interpreted as indicating Ebstein's anomaly of 
the tricuspid valve with an atrial septal defect and a small right to left shunt. 
From age 5 to age 13, she gradually became more cyanotic, had a loss of exer- 
cise tolerance and manifested intermittent atrioventricular (A-V) dissocia- 
tion with a junctional pacemaker in periodic electrocardiograms. 

On recent physical examination, there was marked cyanosis but no 
acute distress. There was a visible systolic impulse in the anterior axillary 
line at the fifth intercostal space. On auscultation, the first heart sound (S1) 
was normal, the second (S5) was widely split and fixed, with a normal pulmo- 
nary component. A third heart sound (S3) was detected midway between the | 
left sternal border and the cardiac apex at the level of the fourth intercostal | 
space. No significant murmur was heard. The liver, located 5 cm below the 
right costal margin, was nontender and nonpulsating. There was marked 
clubbing of the digits. 

Chest X-ray examination revealed overall cardiomegaly with a large atrial 
and right ventricular shadow. The pulmonary vascularity was normal. An 
electrocardiogram indicated first degree A-V block, P pulmonale and a pat- 
tern of right bundle branch block. The hematocrit was 67 percent. | 

A standard echocardiographic examination?? revealed three cardiac 
chambers, four cardiac valves and two great arteries. The pulmonary valve 
was identified by rotating the transducer ventrally, leftward and cephalad 
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. TABLE | 
Cardiac Catheterization Data 








0, 
Saturation 
Site (%) Pressure (mm Hg) 

| Interior vena cava 48 
- Superior vena cava 46 
-= Right atrium 48 a=17,v=15,m=14 
. Right ventricle 46 17/13, ps 16 
- Main pulmonary artery 48 17/14, ps 16 

Left atrium 58 a=16,v=16,m=12 

Left ventricle 63 99/15 


a =a wave; m = mean; ps = presystolic wave; v = v wave. 


from the position of the aortic valve leaflets. The most 
striking finding was the diastolic opening of the pulmonary 
_ valve, which coincided with atrial systole (Fig. 1). The 
.. valve opened with atrial systole, partially closed and 
. opened again with the onset of ventricular systole. In addi- 
_ tion, pansystolic prolapse of the mitral valve and tricuspid 


valve was identified (Fig. 2). The tricuspid valve closure 


. was delayed 0.07 second when compared with mitral valve 
. closure (Fig. 2). The right ventricular dimension was in- 
. creased and the ventricular septal motion was considered 
normal. 


Cardiac catheterization results are contained in Table I. 


Abnormal findings included increased right atrial pressure, 
. particularly the a wave; increased right (and left) ventricu- 


- lar end-diastolic pressure; absence of obstruction at the 
. pulmonary valve and a narrow pulmonary arterial pulse 
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. pressure. A large atrial septal defect with right to left 


shunting was documented. Figure 3 shows catheterization 
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. FIGURE 1. Pulmonary valve echo- 
gram showing abnormal pulmonary 
valve opening that occurred before 
ventricular depolarization (q) and 
coincided with atrial systole. Note 
that the valve opens, closes and re- 
opens with ventricular systole. The 
first complex has been retouched for 
clarity. ecg — electrocardiogram; p — 
P wave; PA = pulmonary artery; PV 
— pulmonary valve. Unmarked verti- 
cal arrows indicate points of valve 
opening. 


A 


pressure tracings from the pulmonary artery, right ventri- 
cle and right atrium. The right atrial a wave is transmitted 
into the right ventricle and pulmonary artery. Angiography 
revealed a large adynamic right ventricle, a large right atri- 
um and a tricuspid valve that was not displaced. The left 
ventricle appeared moderately enlarged and hypodynamic 
although to a much lesser degree than the right ventricle. 

At surgery, the large right atrium, right ventricle and 
atrial septal defect were identified. The tricuspid valve was 
deformed but no abnormal displacement was noted and the 
right ventricular myocardium was hypoplastic. The atrial 
septal defect was closed and a biopsy was performed on a 
portion of the right ventricle, which was subsequently pli- 
cated. Biopsy revealed elements of endocardial fibroelas- 
tosis, myocardial hypoplasia and fatty infiltration consis- 
tent with Uhl’s anomaly. The left ventricular chamber was 
not entered. 


Discussion 


The normal pulmonary valve echogram (Fig. 4) 
may have a small posterior “dip” in diastole coincid- 
ing with atrial contraction. With the onset of ventric- 
ular systole, the pulmonary leaflets fly apart giving a 
characteristic box-shaped configuration, although 
echocardiographic recording of more than one pul- 
monary valve leaflet (usually a posterior leaflet) is 
not common beyond the neonatal period. Diastolic 
movement of the pulmonary valve leaflet has been 
previously described only in significant pulmonary 
stenosis, where the motion probably represents . 
doming rather than opening of the leaflets. 

Pathophysiology of Uhl's disease: The pulmo- 
nary echocardiographic abnormalities in this case are 
consistent with the unique pathophysiology in Uhl's 
anomaly described by Arcilla and Gasul.* As a result 


of a noncompliant hypoplastic right ventricle and a 
dynamic right atrium producing an elevated contrac- 
tile wave, the atrial pressure wave is transmitted 
through the right ventricle and to the pulmonary ar- 
tery as a presystolic wave, which may be of approxi- 
mately the same magnitude as the right ventricular 
and pulmonary arterial peak systolic pressures (Fig. 
3). The presystolic wave exceeds the pulmonary arte- 
rial diastolic pressure, creating a diastolic gradient 
across the valve and initiating flow into the pulmo- 
nary arteries before ventricular systole. Comparison 
of pulmonary valve and tricuspid echograms (Fig. 1 
and 2) shows clearly that the pulmonary valve opens 
before the tricuspid valve is closed, confirming an ob- 
servation by Gasul et al. Similar pressure findings 
have been described in Ebstein’s disease of the tri- 
cuspid valve. However, the marked increase in right 
ventricular end-diastolic pressure is thought to be 
more characteristic of Uhl’s anomaly.* This phenom- 
enon of diastolic opening is the opposite of that seen 
with increased pulmonary vascular resistance or pul- 
monary hypertension, when both the diastolic gradi- 
ent and diastolic motion at the pulmonary valve are 
abolished.?*:24 

Differentiation from Ebstein’s disease: The 
clinical resemblance of Uhl’s anomaly to Ebstein’s 
disease of the tricuspid valve has been discussed by 
Gasul et al. Differential points that favor a diagnosis 
of Uhl’s anomaly include angiographic and anatomic 


FIGURE 2. Mitral (lower) and tricuspid (upper) echograms showing 
tricuspid valve configuration. The vertical arrows indicate tricuspid 
and mitral valve closure. Tricuspid valve closure is delayed 0.07 sec- 
ond when compared with mitral valve closure. The E-F slope of both 
valves is greater than 100 mm/sec and the excursion is 22 mm for 
the mitral and 24 mm for the tricuspid valve. There is pansystolic 
prolapse of the mitral valve. M = mitral; mc = mitral valve closure; 
S = ventricular septum; T = tricuspid; tc = tricuspid valve closure. 
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FIGURE 3. Direct catheter pressure tracings from the right atrium (RA), right ventricle (RV) and main pulmonary artery (MPA). Note prominent 


presystolic a wave (a) in the right ventricular and main pulmonary arterial tracings. d — initial diastolic; ecg — electrocardiogram; s — peak sys- 


tolic; v — v wave. 
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. FIGURE 4. Normal pulmonary valve echogram. At the onset of systole the pulmonary leaflets separate. During the diastolic phase a single echo 


is seen representing the pulmonary valve. Note the minimal posterior movement of the valve just before ventricular systole. ecg — electrocardi- 


z gram; p = P wave; PV = pulmonary valve; q = Q wave; s = systole. 


- evidence of a normally placed tricuspid valve, a large 


right ventricle and absence of right ventricular trabe- 


. eulae.^8 The pathologic finding of myocardial hypo- 
- plasia also favors a diagnosis of Uhl's anomaly. Com- 
- parison of the echocardiograms described here and 
those reported for Ebstein's disease suggests that ul- 


trasonic evaluation may help to differentiate Uhl's 


anomaly from many cases of Ebstein’s disease. The 


tricuspid echogram in Ebstein's disease has been re- 
ported to have a decreased E-F slope, an increased 


excursion, a delayed closing (C point) in the absence 


of right bundle branch block, and an area over which 


- the valve may be recorded that is said to be more 
leftward in position than in the normal tricuspid 
- valve echogram.?5-?? Patients with Ebstein's disease 
-. are also reported to have paradoxical ventricular sep- 


- tal motion.?9?7 None of these criteria, except for the 


iS 


T" AA did eA 


delayed closing of the tricuspid valve (C point), were 


— found in our case, thus suggesting, before cardiac 


catheterization, that this was not classic Ebstein’s 


Normally, the tricuspid valve closure point is not 


. delayed more than 0.03 second and occasionally it 
= even precedes the mitral closure.?? Our patient did 


have electrocardiographic evidence of right bundle 


- branch block, so that a delay of 0.04 to 0.05 second in 


closure of the tricuspid valve when compared with 
the mitral valve would be expected.?6 A tricuspid 


valve closure delay prolonged to 0.07 second falls 
within the range (0.04 to 1.0) reported for Ebstein's 
disease.?»?7 In the latter disease, the delay is thought 
to relate to the deformed tricuspid valve or to abnor- 
malities of myocardial compliance or contractility. 
The delay in closure in our patient suggests that it 
may be a general sign of right ventricular myocardial 
dysfunction. 

Other diagnostic implications: Diastolic opening 
of the pulmonary valve may also be a significant 
echocardiographic sign of right ventricular abnormal- 
ity, specifically reduced compliance of either hyper- 
trophic or hypoplastic origin, and the finding should 
virtually exclude pulmonary hypertension as a diag- 
nostic possibility. In the absence of clinical evidence 
of pulmonary stenosis, abnormalities of the right 
ventricle and tricuspid valves such as Ebstein's dis- 
ease or right ventricular cardiomyopathy are particu- 
larly suspect. 

The significance of the pattern of mitral valve pro- 
lapse is not clear, although it has been reported in 
other forms of cardiomyopathy and may be an addi- 
tional indication of more extensive myocardial dis- 
ease.90 
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Calcification of the anulus fibrosus of the mitral valve presents a char- 
acteristic pattern on the echocardiogram. This pattern may be mistak- 
en for that of a posteriorly situated pericardial effusion. Two illustrative 
cases are presented. 


Calcification of the anulus fibrosus of the mitral valve is a frequent 
finding in the elderly. Radiographically, it appears as a C- or J- 
shaped density overlying or just to the left of the spine in the pos- 
teroanterior view (Fig. 1). It is often an unexpected finding, although 
a systolic murmur is almost always present. We describe herein the 
echocardiographic appearance of calcification in the mitral ring and 
stress the potential for confusion with the pattern of pericardial effu- 
sion. The transducer was positioned in the fourth left intercostal 
space, with the patient in the supine position. Echocardiograms were 
taken with a 100 series Unirad interfaced with a model DR 8 Elec- 
tronics for Medicine recorder, and a 2.25 megahertz focused trans- 
ducer. 


Case Reports 


Case 1: A 90 year old woman had had congestive heart failure for 8 
months. Physical examination revealed a fourth heart sound, a grade 3/6 
holosystolic ejection murmur that was heard at both the apex and base. The 
electrocardiogram showed a left bundle branch block pattern with a P-R in- 
terval of 0.20 second. The chest roentgenogram (Fig. 1) disclosed a J-shaped 
density 1 cm in thickness just to the left of the spine, representing calcifica- 
tion of the mitral anulus. 

In the echocardiogram, a dense band of echoes was evident that moved 
parallel to the posterior left ventricular endocardium and obliterated the 
echo from the posterior mitral leaflet (Fig. 2A). With decrease in the gain 
(arrow), the echoes from the calcified anulus could be mistaken for those of 
the posterior left ventricular wall. The echo-free space posterior to the calci- 
fied ring and anterior to the persisting epicardial echo could be erroneously 
interpreted as a pericardial effusion. When a sweep was made from the aorta 
toward the left ventricle (Fig. 2B), the echoes from the calcified ring ap- 
peared abruptly. 


Case 2: A 77 year old woman had a 10 year history of atrial fibrillation and 
orthopnea. A grade 3/6 holosystolic murmur was heard best at the apex, ra- 
diating well to the axilla and to the base. Calcification in the mitral anulus 
was not apparent in the chest roentgenogram but was seen on cinefluoroscop- 
ic examination. 

The echocardiogram showed a band of echoes moving parallel to the endo- 
cardium of the posterior left ventricular wall. The anular calcification could 
be mistaken for the endocardium, the endocardium for the epicardium, and 
the left ventricular wall for a pericardial effusion (Fig. 3A). A sweep from the 
left ventricle to the left atrium (Fig. 3B) revealed, as in Case 1, the abrupt 
termination of anular echoes. 


Discussion 


Calcification of the anulus fibrosus is a common 
finding at autopsy in the elderly,!-? and may be recognized antemor- 
tem by the characteristic appearance of the calcific deposits on roent- 
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genographic or fluoroscopic examination. It is rarely 
found in people younger than 70 years of age, al- 
though ring calcification has been described in a 
young patient with Marfan’s syndrome.’ It is usually 
associated with a systolic murmur that may sound 
like the murmur of aortic stenosis, mitral regurgita- 
tion or a combination of the two. Calcification of the 
mitral ring may be asymptomatic or may be associ- 
ated with atrioventricular and intraventricular con- 
duction disturbances, significant mitral regurgita- 
tion? or endocarditis.9" Calcific deposits may extend 
to the leaflets of the aortic valve, and associated cal- 
cific aortic stenosis may be present. 

In the echocardiogram, calcification in the mitral 
ring appears as dense echoes that move parallel to 
the endocardium of the posterior left ventricular wall 
and may overlie or obliterate echoes coming from the 
posterior mitral leaflet. The dense band of echoes 
may extend as far down as the papillary muscles and 
can usually be followed up into the left atrium where 
it terminates abruptly. The echocardiogram may 
show mitral ring calcification when it does not appear 
on the plain chest X-ray film and can only be demon- 
strated radiographically by fluoroscopy. The echocar- 
diographic appearance may mimic a pericardial effu- 
sion in which the calcified ring is mistaken for the en- 
docardium, the endocardium for the epicardium and 
the epicardium for the pericardium. The diagnosis of 
calcified mitral anulus may be differentiated from 
that of pericardial effusion by demonstrating the 
abrupt termination of mitral ring echoes during a 
sweep from the left ventricle to the left atrium. In 
contrast, there is a gradual diminution of the posteri- 


FIGURE 2. Case 1. A, dense echoes 
from the calcified mitral anulus move 
parallel to the posterior left ventricu- 
lar endocardium. When the gain is 
decreased (upper arrows), the pat- 
tern of a posteriorly situated pericar- 
dial effusion is mimicked. On close in- 
spection, a faint endocardial echo is 
visible (lower arrow). B, sweep from 
aorta toward the left ventricle shows 
abrupt appearance of echoes from 
calcified mitral anulus (arrow). Ao — 
aorta; CMA - calcified mitral anulus; 
IVS = interventricular septum; LV = 
left ventricle; RA = right atrium. 
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FIGURE 1. Case 1. Chest roentgenogram. Note J-shaped band rep- 
resenting calcific deposits in the mitral anulus. 


or echo-free space in true pericardial effusion (Fig. 
4). 
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ECHOCARDIOGRAM IN CALCIFIED MITRAL ANULUS—HIRSCHFELD AND EMILSON 


FIGURE 3. Case 2. A, anular echoes 
| (arrow) mimic those from the endo- 
ai att a om. H ] cardium. The space between the en- 
; "is a docardium and epicardium can be 
"9 ue mistaken for pericardial effusion. B, a 
C vv P» 24. sweep from the left ventricle to the 

a. i re : ?. left atrium shows abrupt termination 
a OCC VL CN ja Mon, ne OE A ze vh of anular echoes (arrow). endo = 
~~ DO RIS Gn MOF ee : endocardium; epi — epicardium; LA 
d; l A tt ~x = left atrium; other abbreviations as 
in Figure 2. 
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FIGURE 4. Sweep from the left ventricle to the left atrium in a patient with documented pericardial effusion. Note the gradual obliteration of the 
echo-free space. Note also the effusion situated anteriorly. eff = effusion; other abbreviations as in Figure 2. 
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From USV for your hypertensive patients 

Th vompliane ;. 
To help combat — 
-compliance 













once-a-day 


(chlorthalidone) 


50mg. PAK 


The first and only antihypertensive PAK 


“In our experience, chlorthalidone [Hygroton] is the only truly long-acting 
diuretic, permitting once-a-day administration. 


Calendar format encourages compliance 


New 28-day PAK makes once-a-day dosage easy and convenient. 


Costs no more 
New Hygroton PAK costs no more than a regular monthly supply of Hygroton 
tablets? 


1. Finnerty, F.A., Jr.: Am. Fam. Physician 7:99, 1973. 2. Based on American Druggist Blue Book (1975) prices. 





ALSO AVAILABLE: 


Hygroton 100... PAK 


(chlorthalidone) 





PHARMACEUTICALS 


USV PHARMACEUTICAL MFG. CORP. 
Manati, P.R. 00701 


* Hypo-compliance is the failure or inability of your hypertensive patients to follow your prescribed therapy. 


BRIEF SUMMARY 

Indications: Hypertension, adjunctive therapy in 
edema. Contraindications: Anuria, hypersensi- 
tivity to chlorthalidone; routine use of diuretics in 
an otherwise healthy pregnant woman with or 
without mild edema is contraindicated and possi- 
bly hazardous. Warnings: Should be used with 
caution in severe renal disease, impaired hepatic 
function or progressive liver disease. May be 
additive or potentiative of the action of other 
antihypertensive drugs. Sensitivity reactions may 
occur in patients with a history of allergy or bron- 
chial asthma. Usage in women of childbearing 
age requires that the potential benefits of the drug 
be weighed against its possible hazards to the 
fetus. These hazards include fetal or neonatal 
jeundice, thrombocytopenia, and possibly other 
adverse reactions which have occurred in the 
adult. In nursing mothers, thiazides cross the 
placental barrier and appear in cord blood and 
breast milk. Precautions: Periodic determination 
of serum electrolytes to detect possible electro- 
lyte imbalance should be performed at appropri- 
ate intervals. All patients receiving chlorthalidone 
should be observed for clinical signs of fluid or 
electrolyte imbalance; namely, hyponatremia, 
hypochloremic alkalosis, and hypokalemia. 
Serum and urine electrolyte determinations are 
particularly important when the patient is vomiting 
excessively or receiving parenteral fluids. Medi- 
cation such as digitalis may also influence serum 
electrolytes. Hypokalemia may develop with 
chlorthalidone as with any other potent diuretic, 
especially with brisk diuresis, when severe cirrho- 
sis is present, or during concomitant use of cor- 
ticosteroids or ACTH. Interference with adequate 
oral electrolyte intake will also contribute to hypo- 
kalemia. Digitalis therapy may exaggerate meta- 
bolic effects of hypokalemia especially with 
reference to myocardial activity. Any chloride def- 
icitis generally mild and usually does not require 
specific treatment except under extraordinary cir- 
cumstances (as in liver disease or renal disease). 
Dilutional hyponatremia may occur in edematous 
patients in hot weather. Hyperuricemia may 
occur or gout precipitated in certain patients. 
Insulin requirements in diabetic patients may be 
increased, decreased, or unchanged and latent 
diabetes mellitus may become manifest. Chlor- 
thalidone and related drugs may increase the 
responsiveness to tubocurarine. The antihyper- 
tensive effects of the drug may be enhanced in 
the postsympathectomy patient. Chlorthalidone 
and related drugs may decrease arterial respon- 
siveness to norepinephrine. If progressive renal 
impairment becomes evident, as indicated by a 
rising nonprotein nitrogen or blood urea nitrogen, 
acareful reappraisal of therapy is necessary with 
consideration given to withholding or discontin- 
uing diuretic therapy. Chlorthalidone and related 
drugs may decrease serum PBl levels without 
signs of thyroid disturbance. Adverse Reac- 
tions: Anorexia, gastric irritation, nausea, vomit- 
ing, cramping, diarrhea, constipation, jaundice 
(intrahepatic cholestatic jaundice), pancreatitis; 
dizziness, vertigo, paresthesias, headache, 
xanthopsia; leukopenia, agranulocytosis, throm- 
bocytopenia, aplastic anemia; purpura, pho- 
tosensitivity, rash, urticaria, necrotizing angiitis 
(vasculitis) (cutaneous vasculitis), Lyell s syn- 
drome (toxic epidermal necrolysis). Orthostatic 
hypotension may occur and may be aggravated 
by alcohol, barbiturates or narcotics. Other 
adverse reactions include hyperglycemia, glyco- 
suria, hyperuricemia, muscle spasm, weakness, 
restlessness, impotence. Whenever adverse 
reactions are moderate or severe, chlorthalidone 
dosage should be reduced or therapy withdrawn. 
Usual Dose: One tablet daily. How Supplied: 
Tablets— 100 mg. (white, scored) and 50 mg. 
(aqua) in bottles of 100 and 1000; single-dose 
blister packs, boxes of 500; PAKs of 28 tablets, 
boxes of 6. 


If psychic tension 
interferes with 
cardiac rehabilitation, 
heres how 
Valium can help. 


(diazepam) 











During hospitalization, Valium (diazepai 
can relieve psychic tension that can disn 
bed rest and interfere with the rehabilita. 
tion program. 
. After the MI patient is stabilized, a certain 
amount of psychic tension is to be expecte: 
Your reassurance, Ced: and omi of family support can often minimize its 
effects. However, in some instances, the patient's thoughts may dwell constantly on hi: 
condition and how it will affect his life, thus producing excessive psychic tension that n 
present special problems. He may feel overwhelmed and be so burdened by these ten- 
sions that he is unable to rest and unable or unwilling to begin a program of rehabilitati 
Under these circumstances, Valium? (diazepam) can often be a beneficial adjunct. 
Valium can calm the cardiac patient and help reduce his psychic tension to approy 
ate levels. Valium is used with most classes of primary medications such as cardiac glyc 
sides, diuretics, vasodilators, anticoagulants, anticholinergics and antacids. Careful con 
sideration should be given to the pharmacology of agents used with Valium, particular! 
those which may potentiate its action. 
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During convalescence at home, Valium 
(diazepam) can reduce excessive anxiety that 
may hinder participation in active rehabilitation. 
Your counseling and the family's support do 
much to control the anxieties that may interfere 
with this stage of convalescence — a time when 
you may wish to encourage a gradual increase in 
activity. But in some patients, excessive anxiety 
may retard general progress. For them, Valium 
can be beneficial during the post-hospital tran- 
sition to full ambulation. And, because the con- 
valescent cardiac patient may be particularly prone to excessive tension and anxiety at 
bedtime, the addition of an A.s. dose of Valium to the b.1.d. or t.1.d. schedule can reduce 
these symptoms and thus may encourage sleep. Therapy with Valium should be discon- 
tinued when symptoms have been reduced to tolerable levels. 





What an informed cardiac patient should know about Valium therapy. 

The cardiac patient should know that he can generally expect Valium to help relax and 
calm him so that he won't feel so overwhelmed by his tension and anxiety. An explanation 
of the importance of the dosage regimen you prescribe may go a long way to ensure his 
cooperation. As with all CNS-acting agents, the patient taking Valium should be cau- 
tioned against driving or operating dangerous machinery. 


Val IU TT! diazepam 
24mg, 5-mg, Io-mg tablets 
can relieve the cardiac patient's 
undue psychic tension 


For a summary of product information, see the following page 


Valium (diazepam) 


2-mg, 5-mg, 10-mg tablets 


can relieve the cardiac patients 
undue psychic tension 


Prompt and Effective Response valium acts promptly 


to help relieve psychic tension in the cardiac patient. 


Wide Margin of Safety At recommended dosages, oral 
Valium is generally well tolerated and does not significantly affect 
respiration, pulse or heart rate. 


Flexible Dosage Available as scored tablets, oral Valium 
allows dosage to be easily readjusted to suit patients’ changing needs. | 


Predictable Pharmacokinetically Pharmacokinetic 
studies of Valium demonstrate a highly predictable pattern of absorp- 
tion, distribution, metabolism and excretion. 


Before prescribing, please consult com- 
plete product information, a summary of 
which follows: 


Indications: Tension and anxiety states; 
somatic complaints which are concomi- 
tants of emotional factors; psychoneurotic 
States manifested by tension, anxiety, ap- 
prehension, fatigue, depressive symptoms 
or agitation; symptomatic relief of acute 
agitation, tremor, delirium tremens and 
hallucinosis due to acute alcohol with- 
drawal; adjunctively in skeletal muscle 
spasm due to reflex spasm to local path- 
ology; spasticity caused by upper motor 
neuron disorders; athetosis; stiff-man 
syndrome; convulsive disorders (not for 
sole therapy). 


Contraindicated: Known hypersensitivity 
to the drug. Children under 6 months of 
age. Acute narrow angle glaucoma; may 
be used in patients with open angle glau- 
coma who are receiving appropriate 
therapy. 


Warnings: Not of value in psychotic pa- 
tients. Caution against hazardous occupa- 
tions requiring complete mental alertness. 
When used adjunctively in convulsive dis- 
orders, possibility of increase in frequency 
and/ or severity of grand mal seizures may 
require increased dosage of standard anti- 
convulsant medication; abrupt withdrawal 
may be associated with temporary increase 
in frequency and/ or severity of seizures. 


Advise against simultaneous ingestion of 
alcohol and other CNS depressants. With- 
drawal symptoms (similar to those with 
barbiturates and alcohol) have occurred 
following abrupt discontinuance (convul- 
sions, tremor, abdominal and muscle 
cramps, vomiting and sweating). Keep 
addiction-prone individuals under careful 
surveillance because of their predisposi- 
tion to habituation and dependence. In 
pregnancy, lactation or women of child- 
bearing age, weigh potential benefit against 
possible hazard. 


Precautions: If combined with other psy- 
chotropics or anticonvulsants, consider 
carefully pharmacology of agents em- 
ployed; drugs such as phenothiazines, 
narcotics, barbiturates, MAO inhibitors and 
other antidepressants may potentiate its 
action. Usual precautions indicated in pa- 
tients severely depressed, or with latent 
depression, or with suicidal tendencies. 
Observe usual precautions in impaired 
renal or hepatic function. Limit dosage to 
smallest effective amount in elderly and 
debilitated to preclude ataxia or overse- 
dation. 

Side Effects: Drowsiness, confusion, diplo- 
pia, hypotension, changes in libido, nausea, 
fatigue, depression, dysarthria, jaundice, 
skin rash, ataxia, constipation, headache, 
incontinence, changes in salivation, slurred 
speech, tremor, vertigo, urinary retention, 
blurred vision. Paradoxical reactions such 


as acute hyperexcited states, anxiety, hal- 
lucinations, increased muscle spasticity, 
insomnia, rage, sleep disturbances, stimu 
lation have been reported; should these 
occur, discontinue drug. Isolated reports 
of neutropenia, jaundice; periodic blood 
counts and liver function tests advisable 
during long-term therapy. 


Dosage: Individualize for maximum bene- 
ficial effect. Adults: Tension, anxiety and 
psychoneurotic states, 2 to 10 mg b.i.d. to 
q.i.d.; alcoholism, 10 mg t.i.d. or q.i.d. in 
first 24 hours, then 5 mg t.i.d. or q.i.d. as 
needed; adjunctively in skeletal muscle 
spasm, 2 to 10 mg t.i.d. or q.i.d.; adjunc- 
tively in convulsive disorders, 2 to 10 mg 
b.i.d. to q.i.d. Geriatric or debilitated pa- 
tients: 2 to 2¥2 mg, 1 or 2 times daily ini- 
tially, increasing as needed and tolerated. 
(See Precautions.) Children: 1 to 2¥% mg 
t.i.d. or q.i.d. initially, increasing as neede: 
and tolerated (not for use under 6 months). 


Supplied: Valium (diazepam) Tablets, 

2 mg, 5 mg and 10 mg— bottles of 100 
and 500; Tel-E-Dose® packages of 100, 
available in trays of 4 reverse-numbered 
boxes of 25, and in boxes containing 10 
strips of 10; Prescription Paks of 50, avail- 
able singly and in trays of 10. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 


A SYMPOSIUM 


Presented by The Heart Center, St. Francis Hospital 
in conjunction with the Council on Clinical 
Cardiology of the American Heart Association. 


ANDAVANO stom 
MANAGEMENT 
OF CORONARY 
HEART DISEASE 


Visiting Faculty: 


W. GERALD AUSTEN vo 


Chief of Surgical Service, Massachusetts General Hospital 


MICHAEL DE BAKEY no 


Chairman, Department of Surgery, Methodist Hospital 


STEPHEN EPSTEIN »«. 


Chief, Cardiology Branch, National Heart & Lung Institute 


NOBLE FOWLER uo 


Director, Division of Cardiology, University of Cincinnati 


ROBERT A. O'ROURKE v» 


Associate Professor of Medicine, University of California 





This all-day program will present an in-depth 
review of the fundarnental concepts and clinical 
advances in the medical and surgical management 
of coronary heart disease. A presentation of 
problem cases will highlight the program. 


The program is accepted for 8 credit hours toward d 
Category ł by the American Medical Association. K AOCHLOR 


Credit applied and pending for AAFP. (potassium chloride) 


Wednesday, October 1, 1975 10% Liquid 
Tuition: $50 o bmw 
For information and application Effervescent 


for enrollment, please contact: 

Department of Continuing Tablets 

Medical Education WARREN-TEED 

SI. FRANCIS PHARMACEUTICALS INCORPORATED A^ 
HOSPITAL COLUMBUS, OHIO 49215 

Port Washington Boulevard 

Roslyn, New York 11576 
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In Cardiovascular Clinics 
(Albert N. Brest, MD, Editor-in-Chief) 
the current issue is 


cleveland clinic 
cardiovascular 
consultations 





Edited by Donald G. Vidt, MD 


This issue of the Cardiovascular Clinics comes from the 
well-known and highly regarded Cleveland Clinic and covers 
a number of commonly-encountered cardiovascular problems. 


contents and contributors: 


Atherosclerotic Coronary Disease in Young Men, by 
Juan S. Lim, MD; Coronary Artery Disease in Young 
Women, by C. Charles Welch, MD; Prognostic Factors 
in Atherosclerotic Coronary Disease, by William L. 
Proudfit, MD; Unusual Forms of Coronary Artery Dis- 
ease, by Mehdi Razavi, MD; Modern Medical Manage- 
ment of Angina Pectoris, by James R. Hodgman, MD; 
Selection of the Candidate for Myocardial Revasculari- 
zation, by Floyd D. Loop, MD, and Frederick A. Heupler, 
MD; Surgical Treatment of Acute Coronary Insufficiency 
(Impending Myocardial Infarction) by Chalit Cheanve- 
chai, MD, and Donald B. Effler, MD; Myocardial Revas- 
cularization in Patients Aged 65 and Older, by Jorge M. 
Garcia, MD, Chalit Cheanvechai, MD, and Donald B. 
Effler, MD; Results of Graft Surgery for Coronary Artery 
Disease: A Progress Report, by William C. Sheldon, MD, 
Gustavo Rincon, MD, and Augusto Pichard, MD; The 
Relationship of Hypertension to Coronary, Aortic, and 
lliofemoral Atherosclerosis, by Harriet P. Dustan, MD; 
The Heart in Hypertension, by M. Mohsen Ibrahim, MD, 
and Robert C. Tarazi, MD; The Hypertensive Evaluation: 
To What Extent is it Necessary? by Donald G. Vidt, MD; 
Practical Clinical Pharmacology of Antihypertensive 
Drugs, by Ray W. Gifford, Jr., MD; The Evaluation of 
. . Common Heart Murmurs in the Adult by Noninvasive 
- Techniques, by Wayne Siegel, MD; Angina Pectoris and 
Aortic Valve Disease, by Royston C. Lewis, MD, and 
Antonio B. Creus, MD; Beta-Adrenergic Blockade in 
Some Cardiovascular Diseases, by Robert C. Tarazi, MD; 


F. A. DAVIS COMPANY, 1915 Arch Street, Philadelphia, Pa. 19103 
copies of 8930. Vidt, Cleveland Clinic Cardiovascular Consultations. $23. 
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The Role of Myocardial Biopsy in Cardiac Diagnosis, by 
Earl K. Shirey, MD, and William A. Hawk, MD; Under- 
standing the Cardiac Pacemaker: Followup Evaluation, 
by Lon Castle, MD; The Ischemic Leg: A Clue to Dis- 
secting Aneurysm, by Jess R. Young, MD, John Kramer, 
MD, and Alfred W. Humphries, MD. 


222 pages, 65 illustrations. $23 


next issue due October 1975 
INNOVATIONS IN THE DIAGNOSIS 
AND MANAGEMENT OF ACUTE 
MYOCARDIAL INFARCTION 


By Albert N. Brest, MD; Leslie Wiener, MD; Edward K. 
Chung, MD; and Hratch Kasparian, MD. 


F. A. DAVIS COMPANY 
1915 Arch Street, Philadelphia, Pa. 19103 
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Announcing 


Each tablet contains: Catapres®, brand of clonidine ES hydrochloride, 
0.1 of 0.2 mg and chiorthalidone, 15 mg 


The only major new combination 
antihypertensive in a decade 


Please see last page of advertisement 


ra brief summary of the prescribing information 
cluding precautions, warnings, and 
dverse reactions. 
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Combi 


Each tablet contains: 
Catapres®, brand of clonidine hydrochloride, 
0.1 or 0.2 mg and chiorthalidone, 15 mg 
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(clonidine hydrochloride) 


contributes: 


Action at the vasomotor centers 
as shown in animal studies—not 
a rauwolfia derivative or a 
sympathetic blocker or a “false 
transmitter’ 


Maximal blood pressure lower- 
ing without the weeks of delay 
common with the rauwolfia 
class of antihypertensives 


Significant blood pressure 
reduction without alteration 
of normal hemodynamic 
responses to exercise 


Mild and infrequent orthostatic 
hypotension 


Little orno change inrenal blood 
flow and glomerular filtration 
rate 


Reduced plasma renin activity 
and excretion of aldosterone 
and catecholamines (see 
Actions section) 





.ombines Catapres (clonidine hydrochloride) 
Nith a diuretic — the only major new 
:ombination antihypertensive in a decade 


chlorthalidone 
contributes: 


?harmacologic action similar 
othe thiazides 


3mooth, extended diuretic/ 
intinypertensive effect 


\dditive or potentiating effect 
yn adjunctive antihypertensive 
igents 


ork 
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he most common adverse reactions with ^ faire 


£ 


»ombipres are dry mouth, drowsiness, and 
dation. As with thiazide-containing combi- 
ation antihypertensives, hypokalemia, hyper- 
iricemia, and decreased glucose tolerance 
nay occur. Combipres is contraindicated in 
yatients with known sensitivity to chlorthali- 
jone and in those with severe renal or hepatic 
lisease. 

?lease see last page of advertisement for a 
yrief summary of the prescribing information 
ncluding precautions, warnings, and adverse 
'eactions. 

See box Warning on next page concerning 
he appropriate use of Combipres. 





nonreserpine 


new Combip 


Catapres®, brand of clonidine hydrochloride, 
0.1 or 0.2 mg and chlorthalidone, 15 mg 
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Works harder 


Usually exerts a more pronounced 
antihypertensive effect than either 
component alone in equivalent doses” 


Works broadly 


Wide therapeutic range—mild to 
severe hypertension 


Works . 
conveniently 


simplifies therapy for the hyper- 
tensive patient who needs more than 
one drug* 


Works for less 


Costs less than two separate 
prescriptions* 
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Works and work 
and works 


Convenience and economy encour- 
age patients to stay on medication, 
help assure continued blood pressure 
control over the long course of 
therapy* 














"WARNING Combipres is not indicated for 
initial therapy of hypertension. Hypertension 
requires therapy titrated to the individual 
patient. If the fixed combination represents 
the dosage so determined, its use may be 
more convenient in patient management. The 
treatment of hypertension is not static, but 
must be reevaluated as conditions in each 

patient warrant. 





[he only major new combination 
antihypertensive in a decade 


Norks in the majority of hypertensive patients 


Chlorthalidone vs Combipres 
A Comparison of Standing Blood Pressure Response in 8 Studies 
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hlorthalidone 






SYSTOLIC 
DIASTOLIC pu o 


'ombipres 


YSTOLIC i253 


DIASTOLIC. . 





Aean Optimum Daily Dose 
Chlorthalidone (mg) 


50 50 47.7 50 50 50 71 50 
Combipres (mg) 0.3 0.48 0.47 0.4 0.43 0.68 0.52 0.4 





lo. of Patients 42 20 11 17 34 9 31 9 
vho completed study 


study 1 2 3 4 5 6 7 8 


"lease see last page of advertisement for a brief summary of the prescribing information including precautions, warnings, and adverse reactions. 





Guidelines for Titrating Catapres and 
Chlorthalidone Dosages: 

Initial doses: Catapres — one 0.1 mg tablet 
twice daily. Chlorthalidone — 50 mg daily. 


Dosage increments: While daily chlorthali- 
done doses remain at 50 mg, further incre- 
ments of Catapres of 0.1 mg or 0.2 mg per 
day can be made at intervals of 2 to 14 days 
depending on severity of hypertension. The 
usual daily dose of Catapres ranges be- 
tween 0.2 and 0.8 mg. Studies indicate that 
2.4 mg is the maximum effective daily dose, 
but doses as high as this have rarely been 
used. 


Combipres® 

Each tablet contains: 

Catapres®, brand of clonidine hydrochloride, 
0.1 or 0.2 mg and chlorthalidone, 15 mg 





WARNING: This fixed combination drug is not 
indicated for initial therapy of hypertension. Hyper- 
tension requires therapy titrated to the individual 
patient. If the fixed combination represents the 
dosage so determined, its use may be more con- 
venient in patient management. The treatment of 
hypertension is not static, but must be reevaluated 
as conditions in each patient warrant. 










Actions: Catapres (clonidine hydrochloride): The 
mechanism of action appears to be central alpha- 
adrenergic stimulation as demonstrated in animal 
studies. This results in inhibition of bulbar sympa- 
thetic cardioaccelerator and sympathetic outflow from 
the brain. Other studies in humans have provided evi- 
dence of a reduction in plasma renin activity and the 
excretion of aldosterone and catecholamines. The 
exact relationship between these pharmacologic ac- 
tions of Catapres (clonidine hydrochloride) in humans 
and its antihypertensive effect has not been fully 
elucidated at this time. 


Chlorthalidone: The diuretic action of chlorthalidone 
is thought to be due to inhibition of sodium and 
chloride reabsorption in the proximal tubule. 


Indication: The drug is indicated in the treatment of 
hypertension (see box warning). 


Contraindications: Patients with known hypersen- 
sitivity to chlorthalidone and patients with severe 
renal or hepatic diseases. 


Warnings: Tolerance may develop in some instances 
necessitating a reevaluation of therapy. 


Usage in Pregnancy: In view of embryotoxicity find- 
ings in animals, and since information on possible 
adverse effects in pregnant women is limited to 
uncontrolled clinical data, the drug is not recom- 
mended in women who are or may become pregnant 
unless the potential benefit outweighs the potential 
risk to mother and fetus. 


Usage in Children: No clinical experience is avail- 
able with the use of Combipres in children. 


Precautions: When discontinuing Combipres, reduce 
the dose gradually over 2 to 4 days to avoid a pos- 
sible rapid rise in blood pressure and associated sub- 
jective symptoms such as nervousness, agitation, 
and headache. Patients should be instructed not to 
discontinue therapy without consulting their physi- 
cian. Rare instances of hypertensive encephalopathy 
and death have been recorded after cessation of 
clonidine hydrochloride therapy. A causal relation- 
ship has not been established in these cases. It has 
been demonstrated that an excessive rise in blood 
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Each tablet contains: Catapres®, brand of clonidine 





hydrochloride, 


0.1 or 0.2 mg and chlorthalidone, 15 mg 


pressure, should it occur, can be reversed by resump- 
tion of Combipres therapy or by intravenous phen- 
tolamine. Patients who engage in potentially 
hazardous activities, such as operating machinery or 
driving, should be advised of the sedative effect of 
the clonidine hydrochloride component. This drug 
may enhance the CNS-depressive effects of alcohol, 
barbiturates and other sedatives. Like any other 
antihypertensive agent, Combipres should be used 
with caution in patients with severe coronary 
insufficiency, recent myocardial infarction, cerebro- 
vascular disease or chronic renal failure. 


As an integral part of their overall long-term care, 
patients treated with Combipres should receive 
periodic eye examinations. While, except for some 
dryness of the eyes, no drug-related abnormal oph- 
thalmological findings have been recorded with 
Catapres, in several studies the drug produced a 
dose-dependent increase in the incidence and 
severity of spontaneously occurring retinal degenera- 
tion in albino rats treated for 6 months or longer. 


Patients predisposed toward or affected by diabetes 
should be tested periodically while receiving 
Combipres, because of the hyperglycemic effect of 
chlorthalidone. 


Because of the possibility of progression of renal 
failure, periodic determination of the BUN is indi- 
cated. If, in the physician's opinion, a rising BUN is 
significant, the drug should be stopped. 


The chlorthalidone component of Combipres may 
lead to sodium and/or potassium depletion. Muscu- 
lar weakness, muscle cramps, anorexia, nausea, 
vomiting, constipation, lethargy or mental confusion 
may occur. Severe dietary salt restriction is not 
recommended in patients receiving Combipres. 


Periodic determinations of the serum potassium 
level will aid the physician in the detection of hypo- 
kalemia. Extra care should be given to detection of 
hypokalemia in patients receiving adrenal cortico- 
steroids, ACTH or digitalis. Hypochloremic alkalosis 
often precedes other evidence of severe potassium 
deficiency. Frequently, therefore, more sensitive indi- 
cators than the potassium serum level are the serum 
bicarbonate and chloride concentrations. Also indica- 
tive of potassium depletion can be electrocardio- 
graphic alterations such as changes in conduction 
time, reduction in amplitude of the T wave; ST seg- 
ment depression; prominent U wave. These abnor- 
malities may appear with potassium depletion before 
the serum level of potassium decreases. To lessen 
the possibility of potassium deficiency, the diet, in 
addition to meat and vegetables, should include 
potassium-rich foods such as citrus fruits and 
bananas. If Sip ce potassium depletion should 
occur during therapy, oral potassium supplements in 
the form of potassium chloride (3 to 4.5 gm/day), 
fruit juice and bananas should be given. 


Adverse Reactions: The most common reactions are 
dry mouth, drowsiness and sedation. Constipation, 
dizziness, headache, and fatigue have been reported. 
Generally these effects tend to diminish with contin- 
ued therapy. 


Clonidine hydrochloride: Anorexia, malaise, nausea, 
vomiting, parotid pain, mild transient abnormalities 
in liver function tests; one case of possible drug- 
induced hepatitis without icterus and hyperbilirubi- 
nemia in a patient receiving clonidine hydrochloride, 
chlorthalidone and papaverine hydrochloride. Weight 
gain, transient elevation of blood glucose, or serum 
creatine phosphokinase; congestive heart failure, 
Raynaud's phenomenon; vivid dreams or nightmares, 
insomnia, other behavioral changes, nervousness, 
restlessness, anxiety and mental depression. Also 
rash, angioneurotic edema, hives, urticaria, thinning 
of the hair, pruritus not associated with a rash; 
impotence, urinary retention; increased sensitivity to 
alcohol, dryness, itching or burning of the eyes, dry- 
ness of the nasal mucosa, pallor, gynecomastia, 
weakly positive Coombs' test, asymptomatic electro- 
cardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 





Chlorthalidone: Symptoms such as nausea, gastri 
irritation, anorexia, constipation and cramping, we 
ness, dizziness, transient myopia and restlessnes: 
are occasionally observed. Headache and impoter 
or dysuria may occur rarely. Orthostatic hypotensi 
has been reported and may be potentiated when 
chlorthalidone is combined with alcohol, barbitur: 
or narcotics. Skin rashes, urticaria and purpura ht 
been reported in a few instances. 


A decreased glucose tolerance evidenced by hype 
glycemia and glycosuria may develop inconsisten 
This condition, usually reversible on discontinuati 
of therapy, responds to control with antidiabetic 
treatment. Diabetics and those predisposed shoul 
be checked regularly. 


As with other diuretic agents hypokalemia may oc 
(see Precautions). Hyperuricemia may be observe 
on occasion and acute attacks of gout have been 

cipitated. In cases where prolonged and significa 
elevation of blood uric acid concentration is cons 
ered potentially deleterious, concomitant use of a 
uricosuric agent is effective in reversing hyperuric 
mia without loss of diuretic and/or antihypertensi 
activity. 

Idiosyncratic drug reactions such as aplastic ane! 
thrombocytopenia, leukopenia, agranulocytosis, a 
necrotizing angiitis have occurred, but are rare. 


The remote possibility of pancreatitis should be c 
sidered when epigastric pain or unexplained gasti 
intestinal symptoms develop after prolonged 
administration. 


Other adverse reactions which have been reportec 
with this general class of compounds include: jau 
dice, xanthopsia, paresthesia and photosensitizat 


Overdosage: Catapres (clonidine hydrochloride) 
Profound hypotension, weakness, somnolence, 
diminished or absent reflexes and vomiting follow 
the accidental ingestion of Catapres by several ct 
dren from 19 months to 5 years of age. Gastric lav 
and administration of an analeptic and vasopress 
led to complete recovery within 24 hours. Tolazoli 
in intravenous doses of 10 mg at 30-minute interv 
abolishes all effects of Catapres overdosage. 


Chlorthalidone: Symptoms of overdosage include 
nausea, weakness, dizziness, and disturbances o! 
electrolyte balance. There is no specific antidote, 
gastric levage is recommended, followed by sup 
tive treatment. Where necessary, this may include 
intravencus dextrose and saline with potassium 
administered with caution. 


How Supplied: Combipres® 0.1 (Each tablet cont 
clonidine hydrochloride, 0.1 mg + chlorthalidone 
15 mg). It is available as pink, oval, single-scorec 
compressed tablets in bottles of 100. 


Combipres® 0.2 (Each tablet contains clonidine 
hydrochloride, 0.2 mg + chlorthalidone, 15 mg). 
available as blue, oval, single-scored compresset 
tablets in bottles o* 100. 


For complete details, please see full prescribing 
information. 


References: 1. Becker, M. C.: Data on file at 
Boehringer Ingelheim Ltd. 2. Belle, M. S.: Data on 
at Boehringer Ingelheim Ltd. 3. Hall, B. H.: Data 
file at Boehringer Ingelheim Ltd. 4. McDonald, R. 
Data on file at Boehringer Ingelheim Ltd. 5. Parsc 
W. B., Jr.: Data on file at Boehringer Ingelheim L 
6. Russell, R. P.: Data on file at Boehringer Ingelht 
Ltd. 7. Winemiller, R. H.: Data on file at Boehring 
Ingelheim Ltd. 8. Yeh, B.: Data on file at Boehrin 
Ingelheim Ltd. 


Under license from Boehringer Ingelheim GmbH 
Distributed by 


Boehringer Ingelheim 


Boehringer Ingelheim Ltd. 
Elmsford, New York 10523 


Bosch 
EST 40 


^ Electronic 
Stethoscope 


A New Standard In Auscultation. 
You Need It Because There’s No 
Such Thing As A Small Mistake! 





Sounds of the human body occur in the most widely 
varying frequency ranges. A doctor should have three 
stethoscopes to properly measure all sounds. You can 
now have three stethoscopes in one with the new Bosch 
EST 40 Electronic Stethoscope. 


The Bosch EST 40 represents a new standard in auscul- 
tation. All body sounds can be measured with this 
remarkable instrument. You can accurately auscultate 
lungs, heart and many other organs, even blood pressure, 
because the EST 40 is equipped with three filter ranges. 
Excellent for fetus auscultation, also. 


The EST enables you to adjust transmission and ampli- 
fication to match your hearing. 


Previously inaudible sounds can now be heard with our 
more expanded frequency range. Sound signals can be 
amplified to the desired loudness. 


The instrument is easy to operate. Learn no new pro- 
cedures. Just take it in your hand. The contact of 
your fingers with the sensor key switches it on. The 
switch is automatically turned off when you put the 
instrument down. 

Frequency and volume are controlled easily with one 
finger. The EST 40 has an output socket; thus, you can 
record through an amplifier into a recording instrument. 
Order your Electronic Stethoscope today! Send the 
coupon on the right with your $275 payment (the 
complete purchase .price). Try the instrument in your 














O Enclosed is my check for $275, paymei 








| 
| z my Electronic Stethoscope. I understand 
office for 30 days.. Satisfaction assured or your money | 3> pns 
will be refunded when you return the instrument at the | £ < 
end of your trial period. | E 25 
Instrument Corporation | Moa 
POB 589 Huntington Station, NY. 11746 | ZP PHONE - 


[516] 423-0443 L 


our why's to improv 
one way...with Philip 


1 2 


The patient remains stationary You can scan freely in any 
during catheterization. patient plane...with one hand. 


Why? Because the Cardio Why? Superb engineering. With 
Diagnost’s U-arm rotates the one hand and virtually no effo 
X-ray beam around the patient. you can elevate, lower or rotate 
And the entire U-arm can be the U-arm to scan freely in any 
raised or lowered effortlessly. patient plane. The scanning 
An easier, more efficient exami- motion can be locked at right 
nation...a stationary, comfort- angles to the central ray and 
able, more cooperative patient scanning can be kept close to 
the chest wall. Your other hand 
is free for catheter control. 


PHILIPS 





ardiac angiography 
ardio Diagnost 


" 


The finest image quality 
available...in fluoroscopy and 
35mm cine. 


Why? Philips 6’ Image Intensi- 
fier provides the finest contrast 
and resolution available. The 

l.l. is close to the chest wall; the 
distance from tube to intensi- 
fier is fixed; beam collimation 

is precise. 


A built-in patient transfer 
system. 


Why? Because the Cardio’s 
examination table is actually a 
mobile cart. The patient can be 
prepped, examined and wheeled 
to a post-op room on the same 
table. Multiple carts make this 
feature extremely valuable 
wherever cardiac angiography 
is a routine procedure. 


Need more why’s? Ask any one 
of our many satisf ed users. Or 
write us. We'll provide all you 
need...or show yo u the one way 
in a major instituti 9n near you. 





PHILIPS MEDIC AL SYSTEMS, INC 


“a life-saving measure in 
a substantial minority of patients"? 


The Avco Intra-Aortic Balloon Pump' 


..and the Sooner, the Better. 


The rationale of intra-aortic balloon 
pump (IABP) therapy in low-cardiac 
output conditions is widely accepted. 
By lowering pressure in the proximal 
aorta at the beginning of systole, myo- 
cardial work load is lessened. Also, by 
augmenting pressure during early 
diastole, pumping improves coronary 
perfusion and can open dormant col- 
laterals. Thus a better balance be- 
tween myocardial oxygen demand 
and consumption is obtained. 


Documented effectiveness 


The IABP's effectiveness is clinically proven in the treatment 
of cardiogenic shock and in weaning patients from cardiopul- 
monary bypass. It is a ‘lifesaving measure in a substantial 
minority of patients who would otherwise die of cardiogenic 
shock." " Braunwald and Maroko” estimate that 20% of pa- 
tients who would otherwise die can be saved. while another 
20% can be stabilized for diagnosis and surgical intervention. 


IABP "significantly reduced the magnitude and extent of acute 
myocardial ischemic injury" "in animal studies. The authors’ 
preliminary clinical results also demonstrated reduced is- 
chemia as well as hemodynamic improvement. 


Time a critical factor 


Hemodynamic criteria to determine if a patient who seems to 
be going into cardiogenic shock is responding to treatment 
have been developed by Leinbach^ These criteria are a 
major contribution to the effective application of IABP treat- 
ment since early use of the system greatly increases the 
chances of success. Buckley and associates ^ used the IABP 
in 27 heart-surgery patients who went into shock upon ter- 
mination of cardiopulmonary bypass. Eighteen survived: 13 
are long term survivors. Best results occurred with initiation 
of IABP therapy early in the postoperative period. 


"Developed by Avco Corporation and 
manufactured for Roche Medical Electronics Division 


setting. 








The IABP versus drugs 


Dunkman and others” have concludec 
that “catecholamines may actually in 
crease ventricular dysfunction and ne 
crosis whereasthelABP'senhancemen 
of coronary perfusion and reduction o 
oxygen-consuming work in the left ven: 
tricle can save patients if applied before 
about 40% of the left ventricle is irre- 
trievably damaged. Moreover, IABP per: 
mits safe use of drugs if needed. 


AVCO, the most experienced 
system 


The internal counterpulsation system 
most widely used clinically is the Avcc 
IABP. There are some very practical 
reasons for this dominance. 


Patented 3-chamber balloon design pre- 
vents end occlusion. 


QRS triggered synchronization with nor- 
mal and abnormal! rhythms. 


Automatic reset for changes in interval 
or loss of R wave. 


Safety engineering with fail-safe venting, 
self-initiated trouble identification, and 
emergency compressor with inde- 
pendent power supply. 


Nationwide on-site service. 





1 Editorial. JAMA 224:245 1973 

2 Braunwald, E. and Maroko. PR. Ann Int Med 
76:659. 1972 

3 Maroko. P.R. et al. Circulation 45:1150. 1972 

4 Leinbach. R.C.. quoted in Emerg Med 5:107. 1973 

5. Buckley. M.J. et al (abstract). Circulation 46. Suppl 
2:76. 1972 

6 Dunkman. WB. et al. Circulation 46 465. 1972 


Write for information on clinical experience and the annual Avco 
Pump Users’ Meeting. Your loca! representative can arrange an 
Avco IABP demonstration in either a clinical or experimental 


ROCHE MEDICAL ELECTRONICS DIVISION, HOFFMANN - LA ROCHE INC., CRANBURY, N.J. 08512 
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MONTTORING. 
UNCOMPLICATED. 


"7" DATASCOPE 
TYPE P2 


PRESSURE MODULE 


rette 


- DATASCOPE 8i 


ESA NN 


XPLOSION HAZARD iF USED 
MMABLE ANESTHETICS 


The Swan-Ganz* Catheter 
simplified monitoring. It took 
you out of the cath lab and into 
ICU/CCU. 

The Datascope Wedge 
Pressure Group can simplify 
your job at the bedside even 
more. 

First, we ve simplified the 
job of passing the catheter. 
Ours is the only monitor made 
that has an electronic cursor, a 


unique movable reference trace. 


It makes reading the pressure 
changes much easier, much 


TYPE L PHYSIOLOGICAL ALARM 


DANGER—POSSIBLE EXPLOSION HAZARD IF USED IN, 
THE PRESENCE OF FLAMMABLE ANESTHETICS Td 


faster, much more accurate. 

And once the catheter has 
been passed, we've simplified 
the job of monitoring. In fact, 
we vetaken it to the point where 
the nursing staff can handle it 
without any assistance. 

If you've gotten used to big, 
bulky monitoring equipment, 
our wedge pressure group will 
come as a pleasant surprise. 

It’s extremely light, and com- 
pact. It easily fits at bedside. 

And it's portable. You can 
move it where you need it, 





when you need it. 

So you don't have to have 
a unit for every bed. 

Which not only makes life 
simpler for the people who use 
it, but also for the people who 
buy it. 

For more information on 
the Datascope Wedge Pressure 
Group, write: Datascope Corp., 
580 Winters Ave., Paramus, 
N.J. 07652. 


THE DATASCOPE 
MONITOR GROUP 


Registered Trademark of Edwards Laboratories, Division of American Hospital Supply Corp. 









Quinton Stress Test 
Systems are tailored 2 


to the needs of all . 
your patients. 












When you invest in a Quinton Stress Test System, you re getting a system 
designed for the needs of the practicing clinical physician with a variety of 
patients. Whether your patient requires a resting ECG or a complete stress test, 
a Quinton System has all the features you need to get the right information. 
Our systems are ruggedly durable and moderately priced. They 
deliver all the information you need to make a complete evaluation. 
For complete details on all Quinton controlled exercise devices and 
ECG monitoring systems, talk to the specialists who helped pioneer stress testing 
equipment. Talk to Quinton Instruments, Dept. E-65, 2121 Teny Ave., Seattle, 
Washington 98121. Phone 206/223-7373. QUINITON 


Multi-lead exercise ECG p see c emote 
system includes 2-channel Isplays 5-1 depression, 
scope, recorder, and S-T slope and heartrate. 


heart rate meter. 


Automatic 
programmer 
controls the 
treadmill while 
you concentrate 
on the patient. 
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‘Treadmill control 
panel indicates 





pmet 





E iue UM e oe. 
and provides manual Kr m 

control. 

400 watt-second D.C. 

Defibrillator. 





Seven models of clinical 
treadmills permit selection 
of the correct machine to 
match your requirements. 


This thermographic 
study offers objective 
evidence of circulatory 
improvement. 


Heretofore, subjective evalua- 
tions have cast doubt on the 
efficacy of cerebral vasodila- 
tors in increasing blood flow. 
Now, for the first time, ther- 
mography furnishes objective 
evidence of the case for 
Cerespan® (papaverine HCI): 
in a series of 9 patients, an 
“increase in cerebral blood 
flow due to the direct vasodi- 
lating effect of Cerespan 
(papaverine hydrochloride)." ' 


This photograph of a 
professional model illustrates 
the supraorbital and frontal 
areas studied thermographically 
in this investigation. 


Rationale of the study —Thermography is a precise, 
simple means of measuring surface temperature. In 
a selected area of the body it can be used to esti- 
mate changes in blood flow by measuring the asso- 
ciated temperature changes.? It is not used for the 
assessment of cerebral function. 

Unlike angiography, thermography is atraumatic 
and noninvasive.';? A high degree of correlation be- 
tween thermographic and angiographic studies in 
cerebral vessels has been observed. In evaluating 
the results of endarterectomy at the Neurological In- 
stitute of New York, the two techniques agreed in 
95% of 119 patients.? "From the practical stand- 





point it is no longer considered essential to perform 
angiography if the thermogram reverts to normal."? 

The supraorbital and frontal areas of the face were 
chosen for the Cerespan (papaverine HCl) study be 
cause they are perfused by branches of the ophthal 
mic artery, which in turn arises from the internal 
carotid artery. Changes in flow through the internal 
carotid artery, which perfuses the brain via the circle 
of Willis, produce corresponding changes in flow in 
the ophthalmic branch. These changes are detect 
able thermographically in the supraorbital and fron 
tal areas.^ 


A CASE IN POINT: 
8-HOUR IMPROVEMENT IN BLOOD FLOW 


Control thermogram of 75- 
year-old male with arterio- 
sclerotic heart disease 
shows severe supraorbital 
cooling on right, marked 
supraorbital and frontal 
cooling on left, indicating 
diminished blood flow to 
these areas supplied by 
branches of ophthalmic 
artery. 


1 hour after administration 

of 300 mg. (2 capsules) of 

Cerespan, the thermogram 

shows very significant im- 
provement: slight supraor- 
bital cooling on right, slight 
supraorbital and frontal 

cooling on left. 


4 hours after Cerespan was 
administered, improvement 
is maintained, no signifi- 
cant change is shown from 
1-hour thermogram. 


8 hours after Cerespan, im- 
provement is still main- 
tained, with no significant 
change from 1-hour thermo- 
gram. Evaluation: “very sig- 
nificant” improvement in 
blood flow to ophthalmic 
branch of internal carotid 
artery, evaluated thermo- 
graphically, lasting for the 
entire 8-hour period of ob- 
servation. 





Conclusion from this study in a total of 9 patients: “These im- 
provements in the thermograms were attributed to an increase in 
cerebral blood flow due to the direct vasodilating effect of 
Cerespan (papaverine hydrochloride)."! 


When a vasodilator 
is indicated, 
there's a good case 
for prescribing 


Cerespan 
Cpapaverine HCI) 912 h. 


150 mg. in micro-dialysis cells 





TO HELP INCREASE BLOOD FLOW TO THE BRAIN 
in transient ischemic attacks due to vasospasm 


relaxes vasospasm, thus provides vasodilating action 


on responsive cerebral blood vessels 


helps decrease vascular resistance 


WITH SIMPLE DOSAGE SCHEDULE TO ENCOURAGE 


ADHERENCE TO YOUR THERAPEUTIC REGIMEN 


q. 12 h. dosage provides uninterrupted medication 


release around the clock 


easier for the patient to remember and thus get 
maximum benefit 


if required, dosage may be increased to 
two capsules q. 12 h. 









COMPLETE DETAILS ON THERMOGRAPHIC STUDIES WITH 
CERESPAN® (papaverine HCl) 


For full information on the studies described here, see your 
USV Representative or write to: Medical Services, USV Pharma- 
ceutical Corp., Tuckahoe, N. Y. 10707. 


BRIEF SUMMARY Each Cerespan capsule contains papaverine 
HC! 150 mg. in micro-dialysis cells. Indications and Dosage: For 
relief of cerebral and peripheral ischemia associated with arterial 
spasm, 1 capsule q. 12 h. Precautions: Use with caution in glau- 
coma. Discontinue drug if hepatic hypersensitivity with gastroin- 
testinal symptoms, jaundice, eosinophilia and altered liver function 
tests occur. Adverse Reactions: Anorexia, nausea, abdominal dis- 
tress, constipation or diarrhea, skin rash, malaise, drowsiness, ver- 
tigo, sweating and headache. Supplied: Bottles of 100 and 1000; 
drums of 5000; single-dose blister packs, boxes of 500. 


References: 1. Data on file, Department of Medical Research, USV 
Pharmaceutical Corp. 2. Karpman, H. L., Kalb, |. M. and Sheppard, 
J. J.: Geriatrics 27:96, 1972. 3. Wood, E. H. and Hilal, S. K.: in Extra- 
cranial Cerebrovascular Disease and its Management (Gillespie, 
J. A., ed.), London, Butterworths, 1969, ch. 4, p. 82. 4. Capistrant, 
T. D. and Gumnit, R. J.: Stroke 4:57, 1973. 


PHARMACEUTICALS 
USV PHARMACEUTICAL CORP., Tuckahoe, N.Y. 10707 


\ 
h "Le Arni 
ed NER " 


c ' 
echoes 
pee > 


fs its isi 


z 
E 





The addition of 'Dyrenium' (50 or 100 mg.) to furosemide 
(40 mg.) markedly increased sodium and water output in 
10 normal volunteers, especially on the first day of adminis- 
tration. 'Dyrenium' also reduced kaliuresis in all subjects, 
completely blocking the kaliuretic effect of furosemide 

(40 mg.) in seven subjects. ! Patients with fluid overload and 
abnormal physiology may respond differently from volun- 
teers; therapy should be titrated to the individual. 


l. Stote, et al.: Effect of Triamterene on Furosemide Induced Kaliuresis 
in Normal! Volunteers, J. Int. Med. Res. 2:379-83, 1974. 


Hyperkalemia can occur with any K*-sparing agent, but it 

is rare if urinary output is adequate. Serum K* and BUN 
should be checked periodically; elderly, diabetics, or patients 
with suspected or confirmed renal insufficiency should be 
observed closely. When ‘Dyrenium’ is given with furosemide, 
K* supplements should be discontinued, and not given 
unless hypokalemia develops or dietary potassium intake 

is markedly impaired. 


See facing page for indications and brief summary of 
prescribing information. 





Now in 50 mg. and 100 mg. capsules. 


Before prescribing, see complete prescrib- 
ing information in SK&F literature or PDR. 
The following is a brief summary. 


Indications: Edema associated with 
congestive heart failure, cirrhosis and 
nephrotic syndrome; steroid-induced 
edema, idiopathic edema, edema due to 
secondary hyperaldosteronism and 
edema resistant to other diuretic 
therapy. 


Contraindications: Severe or progressive 
kidney disease or dysfunction (possible 
exception: nephrosis). Severe hepatic 
disease. Pre-existing elevated serum potas- 
sium. Hypersensitivity to the drug. Con- 
tinued use in developing hyperkalemia. Do 
not give potassium supplements, either by 
drug or by diet. 


Warnings: Observe regularly for possible 
blood dyscrasias, liver damage or other 
idiosyncratic reactions. Blood dyscrasias 
have been reported. Check BUN and serum 
potassium periodically, especially in the 
elderly, diabetics, and those with suspected 
or confirmed renal insufficiency. Use in 
pregnancy only when essential to patient 
welfare 


Dyrenium (triamterene, SK &F) and spirono- 
lactone are not usually used concurrently; 

if they are, however, frequent serum potas- 
sium determinations are required. 
Precautions: If hyperkalemia develops, 
withdraw the drug. The following may also 
occur: electrolyte imbalance, low-salt 
syndrome (with low salt intake), reversible 
mild nitrogen retention, decreasing alkali 
reserve with possible metabolic acidosis. 
Do periodic hematologic studies in cirrhot- 
ics with splenomegaly. Concomitant use 
with antihypertensive drugs may result in an 
additive hypotensive effect. When 'Dyren- 
jum’ is to be discontinued after intensive or 
prolonged therapy, withdraw gradually 
because of possible rebound kaliuresis. 


Adverse Reactions: Diarrhea, nausea 

and vomiting (may indicate electrolyte im- 
balance), other gastrointestinal disturbances, 
weakness, headache, dry mouth, anaphy- 
laxis, photosensitivity, elevated uric acid, 
rash. 

Note: When combined with another 

diuretic, the initial dosage of each agent 
should be lower than recommended. 


Supplied: 50 mg. capsules, in bottles of 
100; 100 mg. capsules in bottles of 100, 
in Single Unit Packages of 100 (intended 
for institutional use only). 


SK&F Co., Carolina, P.R. 00630 


Subsidiary of SmthKhne Corporation 
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CDC 70... 


One Instrument-A Complete Syste: 
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Holter Monitoring/Scanning-Stress Testing-Resting ECC 


The Medcraft CDC 70 is the most versatile cardiac diag- 
nostic instrument available. It performs all basic ECG 
diagnostic procedures, including Holter monitoring/ 
scanning and stress testing functions required in your 
office, clinic and hospital. Innovative design and solid 
state circuitry give you the most economical, flexible sys- 
tem for monitoring and diagnosing cardiac abnormalities. 


As a Holter Monitor/Scanner the CDC 70 is clinically 
proven to be useful in the detection of intermittent ar- 
rhythmic and ischemic heart conditions, evaluations of 
pacemaker functions, identification of ectopic beats and 
in therapeutic and investigative drug studies. Maximal 
and sub-maximal stress testing, post coronary and post 
surgical physical rehabilitation programs provide addi- 
ional application for total system utilization. 


lersatility of the CDC 70 System is further demonstrated 
)y its capability to run a full 12-lead resting ECG in addi- 
ion to such specialized applications as a telemetry 
nonitor, a bedside patient monitor and universal com- 
yatibility to interface with existing computer technology. 


Marin raft ic a ranictarad trarlamarl af Wittman far 


The CDC 70 is a compact, easy-to-use system design 
with the technician in mind. Functionally grouped co 
trols and conveniently placed displays minimize trainii 
requirements and assure rapid acquisition of operat 
skills. 


The Medcraft CDC 70 can be purchased or leased wi 
convenient terms and is covered by a one year warran 
on materials and workmanship. Sales and service a 
available from a nationwide network fo factory train 
representatives. 


Interested in an on-site demonstration or detailed infc 
mation? 


Please call direct or write........................° 


Medcraft kA 


Box 542 
Skippack, Pennsylvania 19474 
(215) 584-6825 





“Stimulation Technology, Inc. 


introduces the 3821T 
implantable cardiac pacemaker 





VN 


= 


7 
— 
and 


"1 


P "m 
p 


f 


ia 7 
" É 
Aå 
me 
d 
" M 
T KN , 
4 
P j 
à 
" ` 
E ^ 
4 ^ 
4 
? * 
» P ` ^ b, 
ks we e 
` nd 
3 
Y D ` 
"I N 
s aN 
É 5 
P b 
Vm 
` No 
TN 
F 
s "T 
a ^. 
E 
B 
N 
V 


1. 


A 
j 1. $^ 


Xi 


produced and distributed 
in the United States under 
license from Devices,Ltd. 
— for more than a decade 
one of the world’s leading 
developers of cardiac 
pacemakers: first with 
hermetically sealed hybrid 
pacemaker circuitry 





Replacement Credit Warranty: Five Years 


— and that tells you how we feel about 
the reliability and longevity:of the 3821T 
implantable cardiac pacemaker 
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The 3821T specifications: 





demand pacemaker length 7.3 cm 
width 4.7 cm 
— thickness 2.3 cm 
weight 130 gm 

basic rate 71 + 4 ppm 
hysteresis rate 60 ppm nominal 
interference rate 105 ppm nominal 

reed switch 

operated rate 105 ppm nominal 


(Rates given apply to implanted (37° C) 
operation at normal battery voltage; exact rates, 
at room temperature, are shown on 
registration and information form enclosed 
with each pulse generator.) 


features of the 3821T 


e unipolar 

* hybrid micro circuit construction 
battery depletion warning circuit 
unique interference handling capability 
hermetically sealed electronics 

small size 

lightweight 





Actual Size 


Pacemaker Battery -- Projected Longevity * 
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Implant Duration (Months) 
— — Standard Electrode (18 sq. mm.) 


* These longevity projections are based on — 4 Micro Electrode (8 - 12 sq. mm.) 
theoretical calculations for the pulse generator 
battery life only and do not account for 
pacemaker malfunction due to random 
component failure or events which have no 
relationship to time. The results therefore 
may not represent actual pacemaker longevity. 
The above projections are made on the basis 
of chemical capacities, self-discharge rates, 
and current drains measured using standard 
and micro electrodes, and no inhibition. 


Calculations include empirical data and 

extrapolations based upon actual battery life 

experience, projections from improvements 

in the new double separator cell and effects 

of one year pulse generator storage prior ® 


to implant. 





Caution: U.S. federal law restricts this device For information and/or service contact: 
to sale by or on the order of a physician. y ] 

Stimulation Technology, Inc. 

9440 Science Center Drive 
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Reticulum-Cell Sarcoma with Intracardiac Metastases 


Case with Angiocardiographic Improvement After Chemotherapy 


CESAR A. CONDE, MD 
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JOHN PANTAZOPOULOS, MD 
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New York, New York 


From the Division of Cardiology, Department of 
Medicine, Mount Sinai School of Medicine of the 
City University of New York, New York, N. Y. 
Manuscript accepted May 30, 1974 

Address for reprints: Simon Dack, MD, The 
Mount Sinai Hospital, Division of Cardiology, De- 
partment of Medicine, 100th St. and Fifth Ave., 
New York, N. Y. 10029. 


A case of reticulum-cell sarcoma with large intracardiac metastases — 
was documented by cardiac catheterization and angiography. A sec- — 


ond study after a course of chemotherapy demonstrated the palliative 


effects of the treatment with disappearance of the intracardiac tumor |. 
on angiocardiography. The case is discussed and a review of the liter- - 


ature is presented. 


Primary malignant tumors of the heart are considered medical cu- 
riosities and are frequently the subject of isolated case reports; meta- 
static involvement of the heart is more frequently seen, especially . 
with bronchogenic carcinoma, carcinoma of the breast, lymphoma . 
and melanoma.! Among the group of lymphomas, primary and meta- - 
static lesions of the heart have been reported, but secondary involve- - 
ment is by far the more common occurence with an incidence rate of — 


about 20 percent in the cases examined at autopsy?; among the three 


principal histologic types of lymphoma, such involvement is most - 
common in reticulum-cell sarcoma with an incidence rate that ranges 


between 11 and 67 percent.” 


We report a case of reticulum-cell sarcoma with extensive invasion 4 


of the heart documented electrocardiographically and angiocardi- 


ographically. Although resolution of cardiac metastasis with radiation 


therapy has been previously documented, this is the first time resolu- 


tion of an intracardiac tumor after the use of chemotherapeutic 


agents has been demonstrated angiographically. 


Case Report 


A 66 year old Puerto Rican man was admitted to Mount Sinai Hospital on — 
June 18, 1972 because of a left testicular mass that had been present for 2 


months and had become progressively enlarged and painful. There was no 


significant past medical history and physical examination revealed no other . 


abnormalities. A left orchidectomy was performed and reticulum-cell sarco- 


ma was found on pathologic examination. Pertinent laboratory abnormalities _ 
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included eosinophilia of 13 percent, erythrocyte sedimentation rate of 98 mm 


in 1 hour, rouleaux formation on peripheral smear and serum alkaline phos- _ 
phatase of 80 units; a liver isotope scan revealed some increase in size with . 


patchy uptake, and a liver biopsy disclosed nonspecific reactive hepatitis. 
The electrocardiogram revealed normal sinus rhythm at a rate of 66/min and 
a small q wave in leads V; and Və (Fig. 1A). The chest roentgenogram re- 
vealed an old granuloma in the periphery of the right lung; a bone X-ray sur- 
vey and lymphangiogram revealed no abnormalities. 

The patient remained asymptomatic and was discharged on July 13, 1972 


without further treatment. He was lost to follow-up until May 1973 when he - 
presented with pain in the upper palate of several weeks’ duration. A 4 cm - 
fungating ulceration was present in the hard palate area, and a biopsy re- . 


vealed reticulum-cell sarcoma. Search yielded no evidence of metastasis else- 


where, and the patient received radiotherapy over the palate lesion with a . 


total radiation dose of 800 rads and was discharged on June 18, 1973. One 


week later the palate lesion was smaller, but a 1 cm right supraclavicular _ 
node was palpated and the following week the patient was readmitted be- 
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second admission. 
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cause of the abrupt onset of mid-epigastric pain, nausea 
and vomiting. 

On physical examination the pulse was 86/min and reg- 
ular, blood pressure was 135/80 mm Hg with a paradoxical 
pulse of about 15 mm Hg and respiratory rate was 20/min. 
The neck veins were fully distended at 90° without notice- 
able inspiratory collapse or discernible waves. A 2 cm su- 
praclavicular node was palpable. T'here was dullness on 
percussion over the right lung base, with decreased breath 
sounds. The heart sounds were distant. The abdomen was 
soft with the liver edge palpable 10 cm below the right cos- 
tal margin, and there was mild edema of the lower legs. Ve- 
nous pressure was 32 cm H20 in the antecubital vein and 
28 cm H20 in the femoral vein. Chest roentgenogram re- 
vealed cardiomegaly and right pleural effusion. The elec- 
trocardiogram disclosed normal sinus rhythm with a pro- 
longed P-R interval of 0.44 second, complete right bundle 
branch block and abnormal left axis deviation. The day 
after admission complete heart block developed with a 
junctional escape rhythm at 60/min and a QRS pattern 
similar to that on admission (Fig. 1B). 

Cardiac catheterization and angiocardiographic 
findings: Right heart catheterization was performed per- 
cutaneously from the femoral vein and the catheter was 
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il il FIGURE 2. Superior vena caval and right atrial 
ree pressure tracings illustrating the poor reflection 
of right atrial activity into the superior vena 
cava. RA = right atrium; SVC = superior vena 
QRS cava. 





easily advanced into the right atrium, right ventricle and 
pulmonary artery. The pressures were as recorded in Table 
I. Attempts to pass the catheter tip into the superior vena 
cava met with difficulty in the mid and high right atrium 
but were successful; the pressure tracings obtained in the 
superior vena cava were damped and contained little re- 
flection of right atrial wave activity (Fig. 2). Cineangiogra- 
phy and rapid sequence angiography of the superior vena 
cava and right atrium demonstrated a filling defect extend- 
ing from the junction of the superior vena cava into the 
high and mid right atrium, leaving a channel of flow along 
the lateral right atrium (Fig. 3, A and B). Other filling de- 
fects were present at the level of the tricuspid valve and in 
the right pulmonary artery at the point of bifurcation; an 
increase in the thickness of the lateral wall of the right atri- 
um suggested the presence of pericardial effusion. Bundle 
of His recording revealed a junctional rhythm with a nor- 
mal H-V interval (45 msec). À temporary transvenous 
pacemaker was left in place and subsequently a permanent 
pacemaker was implanted. 

After the angiographic diagnosis of obstructing intracar- 
diac tumor or tumors was made, the patient was given com- 
bination chemotherapy that included prednisone, vincris- 
tine and bleomycin sulfate and he manifested good clinical 
improvement. Signs of peripheral neuropathy developed 
that were believed to be a secondary reaction to vincristine, 
and vinblastine was substituted. The patient was ambula- 
tory and was discharged on a therapeutic regimen of furo- 
semide, prednisone and allopurinol. One week later he was 


RETICULUM-CELL SARCOMA WITH INTRACARDIAC METASTASES—CONDE ET AL. 


TABLE I 
Right Cardiac Catheterization Results 





Pressure (mm Hg) 








Site 7/3/73 8/22/73 
Superior vena cava (22) (3) 
Right atrium (15) (3) 
Right ventricle 36/15 35/4 
Pulmonary artery 36/17 (23) 35/14 (19) 





Figures in parentheses indicate mean pressures. 
PA = pulmonary artery; RA = right atrium; RV = right 
ventricle; SVC = superior vena cava. 


readmitted for the fourth time because of weakness, foot 
pain, difficulty in walking, anorexia and dyspnea. He was 
debilitated, pale and tachypneic; the pulse rate was 76/min 
and irregular and blood pressure was 98/58 mm Hg. Can- 
non waves were noted in the neck veins and a murmur of 
tricuspid regurgitation was heard. Previous lymph node in- 
volvement and hepatomegaly were reduced. To evaluate 
possible regression of the intracardiac lesions, a repeat car- 
diac catheterization and angiography were performed. The 


pressures in the superior vena cava and right atrium were- 


now within normal limits (Table I). Cannon waves were ev- 
ident in both right atrial and superior vena caval pressure 
tracings (Fig. 4). Repeated angiocardiographic studies re- 
vealed no evidence of intracardiac tumor or pericardial 





FIGURE 3. Angiocardiograms. A, right atrial injection, showing large intraatrial mass arising at the junction of the superior vena cava and the 


right atrium. B, superior vena caval injection showing a channel of flow along the lateral right atrium. 
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FIGURE 4. Superior vena caval and right atrial pressure tracings 
after treatment illustrating the good reflection of right atrial pres- 
sures into the superior vena cava and the presence of cannon 
waves. Abbreviations as in Figure 2. 
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effusion (Fig. 5). A blood transfusion resulted in marked 
symptomatic improvement and he was discharged. Chemo- 
therapy was continued, but 3 months later the tumor re- 
curred in the right testicle and the penis. The tumor re- 
sponded to local radiotherapy; however, the patient's con- 


dition deteriorated and a few weeks later he was taken to 
. the emergency room in a precomatose condition. Hypercal- 


cemia was documented, but before any therapy was effec- 
tive, he died. An autopsy was not performed. 


Discussion 
Our patient illustrates a case of reticulum-cell sar- 


. coma with progressive multiorgan involvement, ini- 


tially found in the testicle and subsequently in the 
hard palate. The condition responded well initially to 
local radiation therapy, but after a short period, the 
patient presented with signs and symptoms sugges- 
tive of superior vena caval obstruction without radio- 


—- logie evidence of involvement of the mediastinal 


nodes. In addition, there were cardiomegaly and new 


.. conduction abnormalities that progressed from a 


sinus rhythm with trifascicular block to complete 
heart block with a junctional escape rhythm as docu- 
mented by His bundle electrogram. These abnormali- 
ties were found at angiocardiography to be due to an 
intraatrial tumor, metastatic lesions in the pulmo- 
nary arteries and pericardial effusion. 

Macroscopic lesions of this type are infrequently 
found in reticulum-cell sarcoma.?? The electrocar- 


-. diographic abnormalities recorded in our case consti- 


tuted a significant clinical finding, most likely due to 
infiltration of the tumor at the atrial and atrioven- 


_ tricular (A-V) nodal levels as documented by patho- 


logic examination in previous reports.2256 Arrhyth- 


4 mias associated with metastatic tumors of the heart 
_ have been attributed to such involvement.? In one 


specific case, it was well documented that a “sick 
sinus syndrome" was the presenting manifestation of 


reticulum-cell sarcoma invading the atrial wall and 
sinus node.’ Roberts et al.? found that only a few of 
the electrocardiographic abnormalities could be ex- 
plained by lymphomatous deposits in the heart and 
they found no cases in which there was invasion of 
the A-V node. 

After the diagnosis was made and the extent of 
cardiac involvement defined, our patient was given 
chemotherapy and initially had a good response as 
manifested by regression of the lymph node enlarge- 
ment and hepatomegaly, remission of the signs of su- 
perior vena caval obstruction and appearance of 
"cannon waves" in the neck veins when the patient's 
rhythm was in A-V dissociation. The latter finding 
suggested that the obstructive lesion, previously doc- 
umented at the junction of the superior vena cava 
and right atrium, had decreased; otherwise it would 
be unlikely that waves due to atrial contraction 
would be transmitted to the neck. Our second study 
documented the complete disappearance of this in- 
tracardiac lesion; however, we did not document elec- 
trocardiographic resolution of the conduction system 
involvement. This suggests that although the in- 
tramyocardial involvement responded to the treat- 
ment, the neoplastic tissue was probably replaced by 
fibrosis, thus explaining the persistent conduction 
abnormalities. Although the possibility of emboliza- 
tion of the tumor to the lungs cannot be excluded, it 
is unlikely in view of the results of the second cardiac 
catheterization. 
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FIGURE 5. Right atrial angiogram after treatment showing the ab- 
sence of intraatrial filling defects. 





Review of Literature 


In 1940 Shelburne and Aronson reported a case of 
myeloblastoma (termed dural sarcoma in the original 
report) with cardiac metastasis, as documented by re- 
current pericardial effusion and conduction abnor- 
malities. They treated the lesion with deep roentgen 
therapy and demonstrated clinical improvement with 
disappearance of the effusion and resolution of the 
complete heart block. In subsequent years modern 
therapeutic approaches have allowed palliation,?-!! 
but resolution to the degree observed in our case was 
not documented until 1971, when Liedtke et al.!? re- 
ported a case of lymphosarcoma with metastasis to 
the pulmonary artery and pericardium and therapeu- 
tic resolution of clinical, hemodynamic and roentgen- 
ographic findings, accomplished by supervoltage ra- 
diation. 

To our knowledge, ours is the first reported case of 
documented angiographic resolution of intracardiac 
lesions of reticulum-cell sarcoma after antitumor 
chemotherapy. 'The subsequent course of the patient 
seemed to follow the natural history of lymphomas, 
especially reticulum-cell sarcoma presenting as a tes- 
ticular tumor, which carries a very poor prognosis.!? 

Metastatic tumors to the heart are 16 to 40 times 
more common than primary cardiac tumors! and 
they may originate in almost any primary malignant 
tumor. Cardiac involvement by metastasis is usually 
multiple and part of a general dissemination of the 
primary tumor; reported cases of solitary metastasis 
to the heart are extremely rare.L5!4—?! In absolute 
numbers cardiac metastases usually involve the peri- 
cardium!4^-?! and occur most frequently in broncho- 
genic carcinoma and carcinoma of the breast, being 
found in up to one third of these cases. Glancy and 
Roberts?? reported a 64 percent incidence rate of car- 
diac metastases in patients who died of malignant 
melanoma; the more frequent location was the myo- 
cardium rather than the epicardium, but the metas- 
tases did not seem to cause dysfunction unless the 
cardiac involvement by the tumor was extensive. 
Roberts et al.?? also reported a 37 percent incidence 
rate of leukemic infiltrates and 54 percent incidence 
rate of focal cardiac hemorrhages in necropsy exami- 
nation of patients with acute leukemia. There were 
usually few of these abnormalities; they were most 
frequently located in the pericardium and walls of 
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the left ventricle and right atrium, only occasionally . 


extending through the entire cardiac wall and rarely — 


producing clinically detectable signs or symptoms. 


Cardiac metastases are found in 20 percent of the n 
cases of malignant lymphoma examined at autopsy”; — 
they are most common in reticulum-cell sarcoma; - 


however, the incidence rates in different series range 
from 11 to 67 percent.?-^?* In Madiano and Sokal’s 


series? the myocardium was more frequently involved - 
than the pericardium and only four patients had iso- - 


lated pericardial lesions; when the pericardium was 


involVed gross lesions were frequently seen but, like — 
Roberts et al.,2 they found that the majority of le- . 
sions in the myocardium, including the epicardium, © 
were microscopic. Roberts et al? reported that the 
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most frequent site of involvement was the visceral . 


pericardium and only one patient had a tumor ina > 


cardiac valve (tricuspid); in at least nine subjects 


tumor nodules extended through the entire wall of a - 


cardiac chamber or through the atrial septum; how- 


ever, cardiac rupture secondary to metastatic lym- . 
phoma is rare? and in no subject did it involve the — 
A-V node or bundle. Cardiac symptoms depended on | 
the location of the metastasis and were present in less — 
than 10 percent of the cases, but symptoms that are 
often attributed to cardiac involvement are not al- - 


ways the result of lymphoma of the heart.? None of 
the patients with reticulum-cell sarcoma in Roberts’ 
series had signs or symptoms of cardiac dysfunction 


that could justifiably be attributed to lymphoma in- - 


volving the heart. 


Endocardial or valvular metastatic tumors are un- _ 
usual since these areas are relatively avascular; they | 


probably occur by direct implantation, usually on an 


abnormal endothelium.!!6 In 1955 Brucker and Glas- — 
sy?8 reviewed the literature on primary reticulum-cell — 
sarcoma of the heart and found that 16 percent of the 


43 patients presented with a superior vena caval syn- 
drome and 37 percent had hemopericardium. Al- 


though these patients were considered to have pri- 
mary reticulum-cell sarcoma,?9?7 several had post- | 
mortem or surgical evidence of involvement of other 


organs. 


The clinical presentation of our case and its course 
illustrates the poor prognosis of patients with dis- 


seminated reticulum-cell sarcoma, despite the pallia- 


tive effects of antitumor chemotherapy and subse- — 


quent radiotherapy. 
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A fourth case is presented of propagation of Wilms’ tumor to the right 
atrium through the inferior vena cava. Ultrasonic examination of the 
heart was diagnostic of the tumor and the diagnosis was confirmed by 
angiographic studies and surgical exploration. This report provides the 
first echocardiographic description of a right atrial tumor in a child. 
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'Tumors of the heart may mimic a great variety of cardiovascular dis- 
eases. We report a case of a tumor in the right atrium that mimicked | 


renal disease. 


à! 
ds 


Case Report | ; 
A 5 year old black girl was referred to this hospital because of an abdomi- | 
nal mass, ascites and pedal edema. She had had intermittent vague abdomi- - 
nal pain associated with anorexia for 3 to 4 months. Three weeks before ad- - 
mission, she was examined by a physician for repetitive vomiting. Ascites and : 
hepatomegaly were noticed and she was admitted to a local hospital. Despite | 
anorexia, she had gained 3.5 kg since the onset of her symptoms. Because an - 
intravenous pyelogram revealed a nonfunctioning left kidney, the patient was 
referred to this hospital. A 
On examination, she was found to be alert, oriented, slightly pale and in — 
no respiratory distress. There was marked pitting edema of the legs and se- 
vere abdominal distension. The liver was felt 10 cm below the right costal — 
margin. A vague mass was felt in the left flank. The neck veins were marked- | 
ly dilated with prominent a waves. The arterial pulses were normal. The 
blood pressure was 132/80 mm Hg in the right arm. The precordium was hy- 
peractive in the region of the left lower sternal border. The first heart sound . 
was loud and split; the second sound was normally split and its pulmonary 
component was soft. A low-pitched grade 2/6 midsystolic ejection murmur . 
was heard along the left lower sternal border. A grade 2/6 presystolic murmur. 
was also present and was well localized to the tricuspid area. No systolic ejec- | 
tion or early diastolic sounds were audible. «S 
A chest roentgenogram (Fig. 1) revealed moderate cardiac enlargement — 
(cardiothoracic ratio 0.6), normal arterial and venous vascularity, a left aortic 
arch and dilated azygous vein shadow. | E 
An electrocardiogram (Fig. 2) revealed sinus rhythm with a mean frontal 
axis of approximately +110°, a P-R interval of 0.14 second, a qR pattern in 
leads V4R to V3R, an rs pattern in lead Vi, a qR pattern in lead Vg and a 26 - 
mm deep S wave in lead V5. | e 
A phonocardiogram (Fig. 3) over the tricuspid area revealed a split E 


heart sound, a midsystolic murmur and a presystolic murmur. 4 

A liver scan was reported to show normal findings. The skeletal survey in- 
cluded roentgenograms of the skull and limbs, and no destructive lesion s 
were seen. An intravenous pyelogram revealed normal appearance of the 
right kidney but no opacification of the left kidney. A cystogram was inter- | 
preted as normal. ^ 
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a Echocardiography 

bye? Ultrasonic examination was performed with a 5 mega- 
Ee hertz nonfocused transducer, Ekoline 20, and a Cambridge 
Soe strip chart recorder using the well established technique of 
ES echocardiographic examination in children. ? The mitral 
A valve was first located and then the transducer was rotated 
ae toward the aortic and the tricuspid valves. Figure 4 shows 
p the relative dimensions of the right and the left ventricles. 


The transducer was then rotated upward to record the out- 
flow tracts and the left atrium. The ventricular septal mo- 
tion and thickness were normal. Figure 5 shows that as the 
transducer was rotated toward the right atrium, an abnor- 
mal pattern of echoes was seen posterior to the anterior tri- 





A cuspid leaflet. The region of the right atrium behind the 
Ur anterior cusp of the tricuspid valve is normally an echo-free 
NS space.? However, dense echoes were seen in the right atrial 
E region adjacent to the anterior tricuspid leaflet. As the 
gu transducer was rotated farther to the right and downward 
dax (Fig. 6), the right atrial cavity was totally filled with abnor- 
m mal echoes that projected anteriorly in late diastole. There 
M was no evidence of tricuspid stenosis (ejection fraction 
e slope 110 mm/sec, amplitude of anterior tricuspid leaflet 
FIGURE 1. Chest roentgenogram, frontal view. Note the prominent motion 18 mm). The diagnosis of right atrial tumor was 
E . azygos vein shadow. made on the basis of these echocardiographic findings. 
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M Cardiac Catheterization and Angiography 

B These procedures were performed on the 3rd hospital 
P day. The catheter was passed through the right basilic vein 
E to the right atrium. The right ventricle and the inferior 
e 


vena cava were entered with difficulty. The catheter could 
not be advanced into the inferior vena cava beyond the 
entry of the hepatic veins. The pulmonary artery could not 
be entered. The pressures recorded (in mm Hg) were as fol- 
Na cou lows: right atrium 20/10 (mean = 15, a = 20, v = 18), right 
MEN Gears ventricle 21/0-4 (mean = 16). A biplane right atrial cinean- 
giogram (Fig. 7) revealed a large rounded mobile mass that 
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Re filled 40 per cent of the right atrial cavity. The mass moved 
E toward the tricuspid valve in late diastole. The levophase 
2 o was normal. A right ventricular injection revealed no tri- 
ete 5 cuspid insufficiency, and no tumor was seen in the right 
eo Meee or Sa ventricle. An injection near the inferior vena cava-right 
E Mees ee coe : atrial junction revealed obliteration of the inferior vena. 







Dios ‘A | : cava and reflux of the contrast medium into the dilated he- 

euer i | : 5 durs ks patic veins. 
m NC V | p | | | | has The catheter was then passed by way of the right bra- 
Lai cede oe BD TT chial artery into the upper abdominal aorta, and injection 


.. FIGURE 3. Phonocardiogram recorded over the left lower sternal re- of contrast medium demonstrated a left renal artery 
- gion. The top tracing is the carotid pulse. supplying a large left renal mass. There was evidence of 
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ECHOCARDIOGRAM IN RIGHT ATRIAL TUMOR—FAROOKI ET AL. 
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FIGURE 4. Echocardiogram shows the absence of any tumor echoes in the region of the ventricular septum (VS) or the outflow tracts. See text 


for details. AO = aorta; AW = anterior heart wall; CA = crystal artifact; LAPW = left atrial posterior wall; LVPW = 


MV = mitral valve. 


neovascularization in the region of the left kidney, and 
massive arteriovenous shunting resulted in dense opacifica- 
tion of dilated veins extending from the tumor toward the 
liver. An injection was made in the right iliac vein, by way 
of the saphenous vein, and total blockage of the inferior 
vena cava was seen at the level of the right renal vein. 
There was drainage into the Batson’s paravertebral plexus, 
which emptied into the superior vena cava by way of the 
azygos system. 


Clinical Course 


On the 5th hospital day, a laparotomy revealed that a 
large tumor of the left kidney had extended to the retroper- 
itoneum, mesocolon and liver. The tumor was also seen to 
invade the inferior vena cava and to extend to the caval- 
atrial junction. A liver biopsy confirmed the hepatic lesions 
to be metastatic nephroblastoma. The abdominal tumor 
was judged nonresectable, and the plans to remove the atri- 
al portion of the tumor were abandoned. The patient was 
treated with actinomycin-D and radiotherapy. On the 18th 
hospital day, her condition suddenly deteriorated and she 
died in a state of low cardiac output. Permission to perform 
an autopsy was denied. 


Discussion 


Wilms’ tumor of the kidney has been reported to 
extend directly to the right atrium through the inferi- 
or vena cava. The right atrial extension of the 


left ventricular posterior wall; 


tumor was not diagnosed clinically in three previous- : 
ly reported cases,*® and was not appreciated even ' 
with right atrial angiography,° becoming obvious only . 


at autopsy. Echocardiography is of proved value in 


the detection of cardiac tumors,^? including the most. 


widely studied tumor of the heart, atrial myxoma.9-1? 
The majority of atrial myxomas occur in adults, and 
75 percent are found in the left atrium. Review of the 


literature revealed only five ultrasonic descriptions of - 


right atrial tumors, all of myxomas in adults. ^:19-165 


Our case is reported because (1) it is rare for Wilms’ | 
tumor to propagate intravascularly to the right side | 


of the heart, and (2) the diagnosis of right atrial — 


tumor was by echocardiography and then confirmed . 


by angiography and surgical exploration. 


Review of the five reported cases of right atrial 
myxoma studied by ultrasound reveals some inter- 
esting features. Four of these reports describe only 
the echoes related to the ventricular prolapse of the - 
tumor.^191516 One report describes the tricuspid - 
valve echoes in relation to the right atrial tumor 
echoes, but because the published photograph is of * 
valve data.!4 It is easier than in adults to record thé? 
tricuspid valve in normal infants and children, for 
whom the technique of right atrial echocardiography - 


poor quality, it is impossible to analyze the tricuspid 


is well established.? 
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FIGURE 5. Echocardiogram of the right atrial region. See text for details. RAPW = right atrial posterior wall; TV = aps valve 
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FIGURE 6. Echocardiogram of the tri- 
cuspid valve (A) and of the motion of 
the tumor anteriorly toward the tricus- 
pid valve (B). See text for details. 
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The right atrial echocardiogram (Fig. 6) of our pa- 
tient shows a dense layer of abnormal echoes, most 
prominent in the posteroinferior portion of the right 
atrium. As the transducer was rotated from the mi- 
tral valve region toward the right atrium (Fig. 5), the 
anterior leaflet of the tricuspid valve could be record- 
ed in systole as well as in diastole. However, at this 
level the tumor echoes were minimal (Fig. 6A). As the 
transducer was rotated farther to the right and pos- 
teroinferiorly, anterior tricuspid leaflet echoes be- 
came smaller in amplitude, but a dense layer of 
tumor echoes completely filled the right atrial cavity 
(Fig. 6B). Angiographically, the tumor was very mo- 
bile, moving toward the tricuspid orifice in mid- and 
late diastole. This motion was also seen in the ultra- 
sonic study (Fig. 6B). We conclude that the tumor 
moved anteriorly, leftward and downward (that is, 
from the inferior vena caval junction toward the tri- 





ECHOCARDIOGRAM IN RIGHT ATRIAL TUMOR—FAROOKI ET AL. — 


FIGURE 7. Selected frames from the biplane cineangiograms. A, anteroposterior view showing large rounded radiolucent density in the right atri- 
al region (arrow). B, lateral view. Inferior vena caval injection outlines the anteroposterior extent of the mass. 


cuspid orifice) during diastasis and the last rapid fill- 
ing phase of the right ventricle without actually en- 
tering the right ventricular cavity. 


Our case differs from the three reported cases of 


Wilms’ tumor with direct extension to the right atri- . 
um in that there was invasion of the surrounding © 


structures and the tumor metastasized to the liver. 
Murphy et al.? were able to remove the tumor throm- 
bus from the right atrium and their patient was free 
of recurrence 3 1/2 years postoperatively. 

In conclusion, we believe that greater use of echo- 
cardiography may permit more frequent and, one 
hopes, earlier detection of tumors of the heart. 
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Two experimental series of closed chest dogs were compared: Group 
A (five dogs with 7 days of continuous occlusion of the proximal left 
anterior descending coronary artery); and Group B (six dogs with 7 
days of reperfusion after 3 hours of acute occlusion of the same ar- 
tery). Hemodynamic measurements, ventricular wall motion, coronary 
sinus blood flow and regional metabolism in both coronary occluded 
and nonoccluded segments of the left ventricle were measured se- 
quentially. The infarct size was characterized by detailed histopatho- 
logic analysis. 

In the control dogs (Group A), mechanical and metabolic function 
remained severely depressed after 7 days of occlusion, and mean in- 
farct size was 31.6 percent. In Group B, significant mechanical and 
metabolic dysfunction developed during 3 hours of occlusion and did 
not improve during the 1st hour of reperfusion. However, after 7 days 
of reperfusion, function returned to near preocclusion level. Mean in- 
farct size was 14.2 percent, but in two of the six dogs infarct size was 
43 percent and 23 percent, respectively. 

The study confirmed the unstable character of the early phase of 
reperfusion, attributed to cell swelling, edema and hemorrhages that 
resulted in inadequate coronary reflow, arrhythmias and functional de- 
rangements. Prolonged reperfusion for 7 days reduced mean infarct 
size and improved cardiac function. 


Considerable debate is focused on whether coronary bypass surgery 
after coronary occlusion can save jeopardized myocardium and re- 
duce mortality. Differing results have been reported for revascular- 
ization applied after occlusion, ranging from striking benefits to 
harmful effects and unacceptable mortality.!~ Specifically, questions 
are raised whether reperfusion after an acute coronary occlusion is 
capable of reducing infarct size and restoring regional mechanical 
and metabolic function of the heart. Time limits of myocardial viabil- 
ity have been postulated which, if transferred to man, would restrict 
successful revascularization to the earliest interval of acute ischemia.® 
Clarification is sought about functional derangements, hemorrhages 
and accelerated necrosis observed after reperfusion.^? Such questions 
and conflicting reports emphasize the need for further controlled in- 
vestigations aimed at elucidating the effects of reperfusion on func- 
tion and myocardial morphologic features of occluded and nonoc- 
cluded regions of the heart after specific periods of coronary occlu- 
sion. 


Clinical experience must, of course, provide the 
ultimate answers, but investigations in man do not 
lend themselves to preocclusion control studies and 
prohibit necessary extensive measurements. Inter- 
pretation of comprehensive data from animal experi- 
mentation might help resolve the important and con- 
troversial clinical issues concerning revascularization 
during acute myocardial infarction. Development of 
new experimental animal models now permits simul- 
taneous measurement of regional left ventricular me- 
chanics, metabolism and electrophysiology, coupled 
with detailed study of pathophysiology.? Several re- 
perfusion studies have been performed in open chest 
preparations or in closed chest animals previously 
subjected to thoracotomy for the purpose of implant- 
ing coronary occluders and various instruments.!? 
These models are subject to criticism because they 
may cause physiologic distortions or provide insuffi- 
ciently detailed measurements. Our own experience 
indicates that cardiac function is often significantly 
depressed in the open chest preparation and that it is 
— difficult to maintain satisfactory performance of pre- 
viously implanted devices. 

One of the fundamental questions relates to the 
maximal period of time after an acute coronary oc- 
clusion when myocardial dysfunction can still be re- 
versed, viability maintained and infarct size mini- 
mized by reperfusion. For this investigation we chose 
the 3 hour period of occlusion on the basis of prior in- 
dications that in the dog this may represent the limit 
beyond which extensive irreversible myocardial dam- 
age might be expected.^!! In addition, 3 hours ap- 
pears to be a minimal time required for preparing a 
hospitalized patient for coronary bypass revascular- 
ization surgery. 

Prior experimental studies that generally involved 
brief periods of reperfusion after coronary occlusion 
revealed development of reperfusion arrhythmias, 
hemorrhagic infarction and abnormal metabolic and 
mechanical responses in the ischemic and nonisch- 
emic myocardium. Our recent study!? of 3 hours of 
occlusion of the left anterior descending coronary ar- 
tery followed by 5 hours of reperfusion clearly indi- 
cated the functionally unstable character of the early 
reperfusion period. 

'This study was aimed at comparing the effects of 
early (1 hour) and prolonged (7 day) reperfusion after 
3 hours of total occlusion of the proximal left anterior 
descending coronary artery. We employed an experi- 
mental closed chest intracoronary balloon occlusion- 
reperfusion model,? which obviates thoracotomy and 
eliminates recuperation periods normally required 
with implanted preparations. The new model pro- 
vides simultaneous electrocardiographic, hemody- 
namic, regional myocardial mechanical and metabol- 
ic measurements at regular intervals before and after 
coronary arterial occlusion and subsequent reperfu- 
sion. Regional metabolic function was monitored in 
both occluded and nonoccluded segments of the left 
ventricle. Hemodynamic indexes of mechanical func- 
tion, segmental left ventricular kinesis and ejection 
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. REVASCULARIZATION AFTER 3 HOURS OF OCCLUSION—COSTANTINI ET AL. ~ 


fraction were assessed. Emphasis was placed on de- . 
tailed histopathologic analysis to define the extent — 
and distribution of myocardial infarcts resulting 
from 3 hours of coronary occlusion followed by 7 days . 
of reperfusion. All the data were compared with simi- - 
lar measurements in a control series in which coro- — 
nary occlusion was maintained over a period of 7 . 
days. j 
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Experimental Procedure 


Experiments were carried out in 62 closed chest ane he- - 
tized dogs weighing 30 to 35 kg. Five dogs were ex. ed - 
after profound cardiac shock developed. The present » ady — 
encompassed 57 dogs. There were two groups with identical E: 
aseptic preparation in the control period and a subsequent 
3 hour period of intracoronary balloon occlusion of the 
proximal left anterior descending coronary artery. Seven- - 
teen dogs died during the period of occlusion; the remain- - 
ing 40 animals were subdivided into Groups A and B. In — 
Group A (21 dogs) occlusion was maintained for 7 days, 
whereas in Group B (19 dogs) deflation of the intracorona- — 
ry balloon after 3 hours of coronary occlusion provided a 
reperfusion period extending to 7 days. Surviving dogs in | 
both groups were restudied on the 7th day, and the hearts : 
were then excised for histopathologic analysis. * 

The dogs were initially anesthetized with morphine (2 — 
mg/kg body weight intramuscularly) and, 20 to 30 minutes 
later, with pentobarbital sodium (15 mg/kg intravenously). — 
During the first 4 hours supplemental doses were adminis- 
tered as necessary to maintain a state of light anesthesia. 

A Harvard respirator provided artificial respiration — 
through a cuffed endotracheal tube. An initial dose of hep- — 
arin (5 mg/kg) was administered, and further doses of 3 . 
mg/kg were given at 1 hour intervals during the experi- — 
ment, up to 4 hours after the coronary occlusion. Subse- 
quently, heparin was administered at 8 hour intervals. Dur- 
ing the initial 4 hours, fluid loss was estimated and re- — 
placed by infusion of physiologic saline solution at a rate of 
75 to 100 cc/hour. After 4 hours of occlusion in Group A, . 
and 3 hours of occlusion plus 1 hour of reperfusion in | 
Group B, all instrumentation and catheters were removed | 
from the dogs (except for the balloon occlusion intracoro- 
nary catheter in Group A). After appropriate treatment of 
incisions, the dogs were moved to the vivarium where they - 
were observed over the next 7 days. On the 7th day, the 
dogs were lightly reanesthetized and fully instrumented, 
and experimental determinations were carried out in the 
same manner as during the initial period of occlusion. Sub- 
sequently, the dogs were killed by an overdose of pentobar- 
bital sodium and the heart was removed for gross inspec- - 
tion and detailed histopathologic study. | 
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Instrumentation A 
A single lumen balloon catheter was used for local occlu- _ 
sion of the left anterior descending coronary artery. The in- 2) 
tracoronary catheter was maneuvered under fluoroscopic _ 
control through an angiographic cannula temporarily posi- — 
tioned in the left coronary artery. The catheter was located S 







at the desired site and its balloon inflated with Hypaque® — 
sodium 50 percent (weight/volume) to permit observation — 
of the exact location of the occlusion and to control the ex- — 
tent of the balloon inflation. Deflation of this balloon re- . 
sulted in reperfusion of the previously occluded coronary r 
artery. Although the anatomy of the coronary arteries var- — 
% 


yi d ied from dog to dog, an effort was made in each case to 
-~ .. place the occlusion in the proximal left anterior descending 
~ artery immediately distal to its first diagonal branch. 
^ .. À Ganz thermodilution catheter was placed in the coro- 
- . mary sinus for measurement of coronary sinus flow!? as well 
`. as blood sampling. A no. 4F double lumen balloon catheter 
= was advanced through or alongside the larger coronary 
— - sinus cannula and deep into the great cardiac vein until its 
— Open tip was located deep within the anterior interventric- 
— ular coronary vein. In this manner, the center lumen of this 
- balloon catheter allowed collection of blood from the coro- 
. mary vein draining the ischemic region. Before sampling, 
_ the balloon of the catheter in the great cardiac vein was in- 
£t flated for 10 to 15 seconds to facilitate separation of venous 
— compartments. Blood sampled from the coronary sinus 
: .. during inflation of the balloon represented venous drainage 
_ from the nonoccluded segment of the left ventricle. Meta- 
E bolic measurement and checks with dyes corroborated very 


^ 
- significant and almost total separation of the coronary oc- 
- cluded and nonoccluded zone venous compartments. It was 
_ therefore possible to obtain regional measurements of oxy- 
= gen extraction as well as lactate and potassium balance 
_ from both the ischemic and nonischemic myocardial zones. 
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... precordial electrograms (lead V4). A catheter tip transduc- 
* . er (BioTech Instruments) was passed from the right femo- 
- tal artery into the left ventricle to provide high fidelity 
measurement of left ventricular systolic pressure and end- 
_ diastolic pressure. The maximal rate of left ventricular 
- pressure rise (dP/dt) was obtained by means of electrical 
E differentiation. A Statham P23Db pressure transducer con- 
— nected to a catheter passed through the left femoral artery 
E was used to measure aortic root pressure and specifically 
_ peak systolic pressure. Left ventriculography was per- 
_ formed during the control period, at the end of the 3 hours 
ae of coronary occlusion, after 1 hour of reperfusion and after 
— 7 days of occlusion or reperfusion. Left ventricular ejection 
_ fraction was calculated from peak systolic and end-diastol- 
— ie serial cineventriculographic frames. Cardiac output was 
e . determined by the thermodilution method using Swan- 
—. Ganz catheters. Stroke work and systemic vascular resis- 
—. tance were derived from this determination. Total coronary 
- sinus blood flow was determined by the Ganz thermodilu- 
-~ tion technique. 

— In both groups, control measurements were obtained 
_ twice during a 30 minute stabilization period before bal- 
Ri loon occlusion of the left anterior descending coronary ar- 
E tery. Hemodynamic measurements were then performed at 
55:90 minutes and at hourly intervals until 3 hours after the 
E occlusion and 1 hour after reperfusion in Group B. These 
. measurements were repeated on the 7th day. Blood sam- 
_ pling for myocardial oxygen, lactate and potassium bal- 
-ances was also carried out at these intervals, as well as at 5 
. minutes after occlusion (both groups) and at 5 minutes 


3 after reperfusion (Group B). 






| Lactate levels were determined by the Hans-Jurgens- 

-Hohorst technique,!^ and potassium levels by means of 

. flame photography. Blood gases (partial pressures of oxy- 

- gen [PO] and carbon dioxide [PCO;]) as well as pH were 

—. monitored throughout the experiment. Hemoglobin and 
oxygen saturation were measured. 


» 





All hemodynamic and electrographic data were recorded _ 
on an Electronics for Medicine model DR-16 recorder at 
paper speeds of 50 and 100 mm/sec. Statistical results of 
measurements are expressed as mean + standard error of 
the mean. Significance was computed by means of the 
paired t test. 


Histopathology 


After 7 days of occlusion (Group A) or 7 days of reperfu- 
sion (Group B), gross and microscopic examinations were 
performed in the excised hearts to assess the extent of 
myocardial damage and to determine the histopathologic 
correlates of occlusion and reperfusion, respectively. The 
anterior and posterior aspects were photographed before 
and after neutral buffered formalin fixation. The heart was 
cut vertically through the left ventricular wall, posteriorly 
along the septum. The left chamber was gently cleaned of 
postmortally clotted and liquid blood to examine and pho- 
tograph the posterior and anterior endocardium. All heart 
chambers were cleared of liquid and clotted blood, the 
heart weighed and then immersed in saline solution to 
measure its volume in milliliters. An average of ten 5 to 7 
mm thick parallel slabs were cut perpendicular to the left - 
anterior descending artery and photographed.!5 

The grossly visible infarct size was estimated by discol- 
oration and textural alteration. The thickness of each slab 
was recorded. Alternate slabs were circumferentially sam- 
pled by means of a 3 to 4 mm thick subslab, representing 
both the right and left sides of the heart, and analyzed mi- 
croscopically, using hematoxylin-eosin stains. Arterial al- 
terations were further studied by the Van Giesen elastica 
stain. Gram stains were employed where infection was 
noted. The infarcts were delineated microscopically and re- 
corded on square millimeter paper. Computation of infarct 
size was achieved by a total square count of millimeters in- 
farcted, multiplied by the actual slab thickness in millime- 
ters. This represented the total volume of infarcted myo- 
cardium expressed in cubic millimeters. Total infarct vol- 
ume was expressed as percent of the left ventricle (each 
normal infarct divided by heart volume, multiplied by a 
factor of 1.52).16 

Histologic designates and related phenomena of recent- 
ly infarcted myocardium were: 

Nucleus: pyknosis, deformation, contraction, disintegra- 
tion and disappearance. 

Cytoplasm: loss of striations and fibrillae, coagulation, 
contraction bands, fragmentation and lysis. 

Total fiber: contraction, thinning, waviness, eosinophilia, 
separation and sequestration (individually and in groups). 

Interstitium: edema (with or without muscle fiber 
edema), inflammatory reaction, hemorrhage, fibroblastosis, 
angiogenesis and histiocytosis. 

Endocardium: edema, hemorrhage, mural thrombi and 
inflammation. 

Epicardium: edema, hemorrhage, inflammation, fibro- 
blastosis, neoangiogenesis and histiocytosis. 

Pericardium: fibrin deposits, inflammation, histiocytosis 
and mesothelial hyperplasia. 


Results 


Of 57 closed chest dogs that were fully instrument- 
ed for intracoronary balloon occlusion or occlusion 
followed by reperfusion, 17 (30 percent) died during 
the first 3 hours of occlusion of the proximal left an- 
terior descending coronary artery and were excluded - 
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from further consideration in this study. The 40 dogs 
that survived the 3 hour occlusion period were ran- 
domly divided, 21 in the control group (Group A, 7 
days of occlusion) and 19 in the reperfusion (Group 
B, 3 hours of occlusion followed by 7 days of reperfu- 
sion). Of the 21 dogs in Group A, 14 (67 percent) died 
before the 7th day and 2 surviving dogs were exclud- 
ed because of supervening bacterial abscess of the 
myocardium. Thus, complete data were obtained in 
only five dogs in the control group during 7 days of 
coronary occlusion. Of the 19 dogs in Group B, 7 (37 
percent) died before the 7th day of reperfusion, 2 
were excluded because left anterior descending coro- 
nary arterial thrombosis occurred and the exact time 
could not be determined, and 4 others were excluded 
because of incompleteness of regional metabolic or 
hemodynamic data due to technical problems or very 
abnormal control data due to unforeseen illness of 
the animal. Thus, only six dogs with a complete set of 
measurements could be validly placed in Group B. 


Control Group A: 7 Days of Occlusion (Five Dogs) 


This group constituted a control series and under- 
went procedures identical to those used in Group B 
except that reperfusion was not performed. 


Hemodynamic Measurements (Fig. 1 to 3) 


Heart rate: Heart rate before coronary occlusion 
ranged from 64 to 105 beats/min (averaging 88). Over 
a period of 3 hours of occlusion average heart rate 
rose to 105 beats/min. After 7 days of occlusion the 
heart rate had increased substantially in all five dogs 
(mean 154 beats/min, a significant rise [P <0.002] 
relative to the preocclusion level). 

Peak systolic pressure: Average systolic pressure 
before occlusion was 150 mm Hg (range 138 to 168). 
It decreased 10 percent to 136 mm Hg during 3 hours 
of coronary occlusion, with little further change (132 
mm Hg on the 7th day of occlusion). 

Left ventricular end-diastolic pressure: Before oc- 
clusion left ventricular end-diastolic pressure ranged 
from 0.5 to 10 mm Hg (average 4). It increased slight- 
ly to 4.5 mm Hg over a period of 3 hours of occlusion 
and was unchanged on the 7th day. 

Maximal left ventricular dP/dt: Mean dP/dt be- 
fore coronary occlusion was 3,040 mm Hg/sec (range 
2,270 to 3,720). A substantial decrease of 37 percent 
occurred during the first 3 hours of occlusion; how- 
ever, on the 7th day it was only 7 percent below the 
preocclusion control level. In four dogs dP/dt re- 
turned to normal, but in one dog it was sharply lower 
(Fig. 2). 

Cardiac output: Average cardiac output before 
coronary occlusion was 3,230 ml/min (range 2,160 to 
4,090). A mean 20 percent reduction in cardiac out- 
put was observed after 3 hours of occlusion; however, 
on the 7th day it was only 6 percent below the control 
level. Substantial restoration of cardiac output was 
noted in three dogs, whereas the other two dogs ex- 
hibited persistent reduction in cardiac output. 
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Systemic vascular resistance: During 3 hours of , i 
coronary occlusion mean systemic vascular resistance _ 
rose 23 percent above the control value of 3,170 dynes . 
sec cm~. However, on the 7th day it returned to the . 
preocclusion control level in all except one dog. y 
Stroke work: Mean stroke work was 69 g-m/beat F 
during the preocclusion control period and decreased 
35 percent during 3 hours of occlusion. Each of the d 
five dogs had a sharply reduced stroke work on the ` 
7th day, largely because of the increase in heart rate. x. 
Coronary sinus blood flow: Mean coronary sinus -— 
blood flow was 125 ml/min in the control period | 
(range 106 to 145), decreased 15 percent 3 hours after - 
occlusion and increased to 131 ml/min on 
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the 7th — 
day. In one dog, coronary sinus flow remained de- — 


pressed (90 ml/min on the 7th day vs. 116 ml/min in - 


the control period). (8 

Ejection fraction: Limited ventriculographic data . 
indicate an average of 0.50 ejection fraction during - 
the preocclusion control period. It decreased to 0.2755 
at 3 hours of occlusion and then remained depressed . 


at 0.26 on the 7th day of occlusion. 
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Metabolism (Fig. 1 to 3A) 

Myocardial lactate balance ([arteriovenous/ & 
arterial] X 100) (percent): Nonoccluded zone (cor- — 
onary sinus blood sampling): During the preocclu- 1 
sion control period, an average 38 percent lactate bal- _ 
ance was measured in the coronary nonoccluded re- . 
gion of the left ventricle. Within 5 minutes of the — 
acute occlusion of the left anterior descending artery, oa 
mean lactate balance decreased significantly to 15 — 
percent; however, in two dogs, lactate balance re- - 
mained within normal limits (Fig. 1 and 3A). Average - 
lactate balance at 3 hours of occlusion was 27 per- | 
cent, and on the 7th day was 24 percent, which repre- H 
sented a persisting significant (P <0.05) reduction in — 
nonoccluded region lactate extraction. 1 

Occluded zone (great coronary vein blood sam- . 
pling): Mean lactate extraction was 39 percent in the | 
preocclusion control period. At 5 minutes of coronary - 
occlusion, lactate production (—8 percent) was noted 3 
in the occluded zone. Deranged lactate balance per- - 
sisted throughout the 3 hours at —17 percent, and on ~ 
the 7th day it was —0.6 percent. In two of the five — 
dogs lactate measurements on the 7th day indicated a — 
marked difference between the occluded and nonoc- . 
cluded zones with lactate production occurring in the — 
occluded zone (Fig. 1 to 3A). 3 

Myocardial potassium balance (arteriovenous) * 
(mEq/liter): Nonoccluded zone: In the preocclusion . 
control period, mean potassium balance was —0.01 — 


mEdq/liter. Five minutes after coronary occlusion, the . 
nonoccluded zone exhibited a mean potassium bal- . 
ance of —0.15 mEq/liter that continued to 3 hours of f; 
occlusion and was 0.06 mEg/liter on the 7th day of — 
occlusion. A 

Occluded zone: Mean potassium balance was on | 
the average —0.04 mEq/liter in the control period, E 
decreased to —0.34 mEg/liter at 5 minutes of occlu- - 
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METABOLISM 
LACTATE BALANCE (A-V)/A 
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ae POTASSIUM BALANCE (A-V) mEq/L 





180 7 DAYS 


PROXIMAL LAD OCCLUSION 





-— ments were: heart rate (HR) 98 beats/min, systolic pressure (SP) 
~ 168 mm Hg, left ventricular end-diastolic pressure (EDP) 9 mm Hg, 
_ dP/dt 3,240 mm Hg/sec, cardiac output (CO) 3,350 ml/min, system- 
ie vascular resistance (SVR) 2,930 dynes sec cm^5, stroke work 

_ (SW) 75 g-m/beat. Infarct size was 50 percent of the left ventricle. 
_ A = arterial; A-V = arteriovenous; CS = coronary sinus; GCV = 
|... great cardiac vein. 
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sion and was —0.28 mEgq/liter at 3 hours of occlusion. 
After 7 days of occlusion potassium balance values 
had returned to near normal. However, in one of the 
five dogs (Fig. 1) substantial potassium loss (—0.37 
mEq/liter) persisted on the 7th day. 

Oxygen extraction (arteriovenous) (percent 
saturation): The control values in the nonoccluded 
and occluded region were 66 and 67 percent, respec- 
tively, and there were no significant alterations dur- 
ing the 7 days of occlusion. 


Histopathology 


In Group A, the mean microscopically verified in- 
farct was 31.6 percent of the left ventricular wall vol- 
ume (individual values: 14, 16, 32, 46 and 50 per- 
cent). The primary area of infarction, within the dis- 
tal half to two thirds of the left ventricular anterior 
wall, included broad central areas of transmural in- 
farction in all five dogs. Focal subendocardial infarc- 
tion was noted in the distal posterior left ventricular 
wall, as well as the adjacent right ventricular wall in 
all the hearts. In areas of small or focal infarcts with- 
in the primary ischemic zone or beyond, the age and 
characteristics of necrosis and reparative reaction 
were similar in the major areas of infarction. The lat- 
ter, however, also contained foci of more recent myo- 
cardial infarction and degeneration, suggesting con- 
tinuing or recrudescing localized ischemia. The ante- 
rior wall infarcts were characterized by patchy and 
confluent coagulative muscle necrosis, sharply margi- 
nated by proliferating fibroblasts, and endothelial 
cells (angiovascular hyperplasia) with variable num- 
bers of inflammatory cells. The preinfarctive margin- 
al zone of proliferating cells extended outwardly be- 
tween apparently intact, functional-appearing cardi- 


(10-29-74 TO 11-5-74) 


FIGURE 2. Hemodynamic, lactate and potassi- 
um data in a dog after 7 days of occlusion of 
the left anterior descending coronary artery. 
Control values were: heart rate 105 beats/min, 
systolic pressure 144 mm Hg, left ventricular 
end-diastolic pressure 1 mm Hg, dP/dt 3,000 
mm Hg/sec, cardiac output 3.67 liters/min, sys- 
temic vascular resistance 2,940 dynes sec 
cm ?, stroke work 70 g-m/beat. Infarct size 
was 15 percent. Abbreviations as in Figure 1. 


MR Saks hes Ais IPRCETTUPETERICHUETR TT URSI 
y ; l.» um ^ à S : «; : d " af - mw « . 


T aeni as A ae a RIAT vM Ln » z "WE AT wr woe dA A aA S 5 ve Ter p io da. Per * 3 p r z 
ae a ! ? Pr : ^ E Fr) SP XN I ¥ ; T^ 1 Werth len) ye KZI 
E $2.) e 


'REVASCULARIZATION AFTER 3 HOURS OF OCCLUSION—COSTANTINI ET AL. — 


»* 
T 64 


Red e 2:0 OR et oS 


_ac fibers. However, totally entrapped groups of myo- Group B: Three Hours of Coronary Occlusion Followed e 
cardial fibers appeared to range from normal-ap- by 7 Days of Reperfusion (Six Dogs) 






























pearing through various degrees of degeneration, and The preparation of Group B animals was identical _ 
acute necrosis (Fig. 4). Fibrinous organizing pericar- to that of Group A except that reperfusion was insti- - 
ditis and endocarditis (with mural thrombi) were tuted after 3 hours of coronary occlusion by deflating — 
found in most of the hearts. the intracoronary balloon. E 
B ; 
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FIGURE 3. A, hemodynamic and metabolic data in a dog after 7 days of coronary occlusion. Preocclusion control hemodynamic measurements 
were: heart rate 64 beats/min, systolic pressure 138 mm Hg, left ventricular end-diastolic pressure 1 mm Hg, dP/dt 2,270 mm Hg/sec, cardiac — 
output 2.86 liters/min, systemic vascular resistance 3,007 dynes sec cm^ 5, stroke work 82.8 g-m/beat, coronary sinus flow (CSF) 121 ml/min. — 
B, ventriculograms before and after 7 days of persistent occlusion in the same dog. Infarct size was 14 percent of the left ventricle. EF = ejec- — 
tion fraction; other abbreviations as in Figure 1. | 
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Hemodynamics (Table I, Fig. 5 to 10) 


Heart rate: In over 3 hours of coronary occlusion 
the mean heart rate rose 18 percent from a control 
value of 92 beats/min (range 60 to 120). During the 
lst hour of reperfusion, a further increase in heart 
rate to 24 percent above control level was noted. 
However, heart rate decreased to 17 percent above 
control level on the 7th day of reperfusion. Three of 
the six dogs had a heart rate of more than 15 percent 
above control value on the 7th day (Fig. 6A and 8A). 

Peak systolic pressure: Before coronary occlusion 
mean peak systolic pressure was 160 mm Hg (range 
146 to 189). During the 3 hour period of occlusion 


. mean systolic pressure decreased 8 percent from con- 


_ trol level and remained at this level during early and 
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late reperfusion. Individual data indicated that ex- 
_ tended reperfusion resulted in a partial return of sys- 


tolic pressure toward control level in two dogs, 
whereas in four dogs it was further reduced (5 to 17 
percent). 

_ Left ventricular end-diastolic pressure: Mean left 


. ventricular end-diastolic pressure was 8 mm Hg 


h or 


J TABLE I 
Hemodynamic and Metabolic Data in Six Dogs (mean + standard error of the mean) 


* P «0.05 relative to control value before occlusion. 
t P «0.05 relative to value at 3 hours of occlusion. 


Ao = aortic; CS = coronary sinus; GCV = great cardiac vein; LV = left ventricular; Max = maximal. 


(range 6 to 11) in the preocclusion control period. It | 
increased 33 percent after 3 hours of coronary occlu- 
sion. Early during reperfusion (1 hour) there was a 
further increase to 43 percent above control level. At 
this time it was above control level in five of the six 
dogs. On the 7th day mean end-diastolic pressure was 
11 mm Hg. 

Maximal left ventricular dP/dt: Mean dP/dt was 
3,220 mm Hg/sec in the control period (range 1,750 to 
4,810). There was a decrease of 36 percent in mean 
dP/dt during the 3 hour period of occlusion. After 60 
minutes of reperfusion it was 48 percent below con- 
trol level, but in 7 days of reperfusion it returned to 
within 3 percent of control level. In three of the six 
dogs, dP/dt remained depressed (11 to 39 percent 
below control values) throughout the reperfusion pe- 
riod (Fig. 6A, 7A and 9A) and in the remaining three 
dogs it exhibited a rise. 

Cardiac output: Three hours of coronary occlusion 
caused a 29 percent reduction in mean cardiac output 
below the control level of 3,060 ml/min (range 2,100 
to 3,990). After 1 hour of reperfusion cardiac output 
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Time After Coronary Occlusion 





Time After Coronary Reperfusion 


Control 
| Values 5 Min 30 Min 3 Hr 5 Min 1 Hr 7 Day 
Heart rate 92 111 109 114 108 
(beats/min) +10 +13 +12 +12 +10 
Peak systolic pressure 160 142* 148 147 148 
(mm Hg) +7 +6 +5 +9 +5 
LV end-diastolic pressure 8 9.6 11 11.8 10.6* 
(mm Hg) £ 0.7 t 1.0 * 1.6 te tl.l 
= Max LV dP/dt 3220 2530* 2070 1670* 3140t 
(mm Hg/sec) +425 +303 +267 +98 +305 
Cardiac output 3060 2610 2160 2570 3130t 
(ml/min) +271 +192 +312 +395 +423 
Stroke volume 34 26* 20* 2j" 31t 
(ml/beat) +4 +4 +3 +3 +5 
Systemic vascular resistance 3570 3740 5140 4340 3220 
(dynes sec cm ^5) +313 +402 +694 +812 +445 
Stroke work 64 40* 39* 38* 48* 
(g-m/beat) +7.1 +5.0 +5.8 15.3 £47.41 
— Coronary sinus flow 132 55* 97* 119 136t 
.. (ml/min) £5 +6 £7 +15 +9 
Ejection fraction 49 18* 23* 48t 
(%) +5 +] +] +4 
_ Lactate balance 
Nonoccluded 50 38 38 44 28 37 38 
([Ao-CS]/Ao x 100) +2.4 + 5.1 +3.2 +4.1 +7.3 £7.1 +3.4 
Occluded 52 —6.0* 0.18* 12* 8.4* 0.8 36 
([Ao-GCV]Ao x 100) +2.6 £123 +8.4 +15.1 +4.0 +31.0 £51 
. Potassium balance 
Nonoccluded —0.8 0,27 70.11 750.15 0.13 70.11 —0.08 
(Ao-CS) * 0.02 * 0.06 * 0.03 * 0.03 x 0.06 +0.05 +0.03 
Occluded —0.08 —0.59* —0.32* —0.42 —0.33* —0.34 OC) 1 
(Ao-GCV) +0.01 +0.20 +0.06 +0.16 +0.06 +0.11 +0.03 


FIGURE 5. A, hemodynamic, lactate and potassium data in a dog after 3 hours of coronary occlusion and 7 days of reperfusion. Control pr 
left ventricular end-diastolic pressure 8 mm Hg, 
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. FIGURE 6. A, hemodynamic, lactate and potassium data in a dog with 3 hours of coronary occlusion and 7 days of reperfusion. Preocclusion he- — 

.. modynamic data were: heart rate 84 beats/min, systolic pressure 148 mm Hg, left ventricular end-diasto 
- . Hg/sec, cardiac output 2.61 liters/min, systemic vascular resistance 3,720 dynes sec cm ^, stroke wor 
ml/min, ejection fraction 0.49. B, ventriculograms in the same dog. Infarct size was 23 percent. Abbreviations as in Figures 1 and 3. 
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_ FIGURE 7. A, hemodynamic, lactate and potassium data in a dog with 7 days of reperfusion. Preocclusion hemodynamic measurements were: 
_ heart rate 108 beats/min, systolic pressure 164 mm Hg, left ventricular end-diastolic pressure 8 mm Hg, dP/dt 3,650 mm Hg/sec, cardiac out- 
. put 3.99 liters/min, systemic vascular resistance 2,910 dynes sec cm", stroke work 15 g-m/beat, coronary sinus flow 142 ml/min, ejection 


fraction 0.38. B, ventriculograms in the same dog. Measured infarct size was 1.5 percent, indicating dissociation between cardiac mechanical 
.. function and extent of infarction. Abbreviations as in Figures 1 and 3. 
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_ FIGURE 8. A, hemodynamic, lactate and potassium measurements in one dog of the group with 7 days of reperfusion. Hemodynamic control 


-~ measurements were: heart rate 108 beats/min; systolic pressure 150 mm Hg, left ventricular end-diastolic pressure 8 mm Hg, dP/dt 2,540 mm 
-..Hg/sec, cardiac output 2.95 liters/min, systemic vascular resistance 3,420 dynes sec cm ^, stroke work 54 g-m/stroke, coronary sinus flow 
. 117 ml/min, ejection fraction 0.47. B, ventriculograms in the same dog. Infarct size was 8 percent. Abbreviations as in Figures 1 and 3. 
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FIGURE 9. A, simultaneous hemodynamic, lactate and potassium measurements in a dog with 7 days of reperfusion. Control hemodynamic f 3 
measurements were: heart rate 60 beats/min, systolic pressure 164 mm Hg, left ventricular end-diastolic pressure 11 mm Hg, dP/dt 4,810 mm  - 
Hg/sec, cardiac output 3.26 liters/min, systemic vascular resistance 2,960 dynes sec cm^ 5, stroke work 91 g-m/stroke, ejection fraction 0.52. 
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B, ventriculographic studies in same dog. Infarct size was 1 percent. Abbreviations as in Figures 1 and 3. 


FIGURE 10. Statistical summary (six 
dogs) of hemodynamic and metabolic 
measurements during the preocclu- 
sion control period and 30 minutes 
and 3 hours after proximal occlusion 
of the left anterior descending coro- 
nary artery, and 1 hour and 7 days 
after the start of reperfusion. Mean 
hemodynamic data are presented as 
percent changes from the preocclu- 
sion control values listed in Table I. 
During coronary occlusion there was 
a significant reduction in dP/dt, stroke 
work, coronary sinus flow and ejec- 
tion fraction. Heart rate, left ventricu- 
lar end-diastolic pressure and sys- 
temic vascular resistance increased 
and cardiac output was reduced. Dur- 
ing the 1st hour of reperfusion, all he- 
modynamic measurements remained 
depressed. On the 7th day of reperfu- 
sion all measurements returned to 
control levels, except for stroke 
work, which was reduced. In the early 
stage of coronary occlusion, mean 
balances in the occluded zone indi- 
cated lactate production and a pro- 
found net myocardial potassium loss. 
After reperfusion, lactate and potas- 
sium balances at first remained ab- 
normal, but returned to normal levels 
on the 7th day of reperfusion. Abbre- 
viations as in Figures 1 and 3. 
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j E be: 7th ay. In three of the six ra cardiac output 
P remained 7 to 15 percent below control value after 7 


ing three dogs 7 days of reperfusion achieved a 
| : ‘marked improvement in values relative to those ob- 
- tained after 3 hours of occlusion and 1 hour of reper- 
.. fusion (Fig. 6A, 7A, 8A). 
ram Systemic vascular resistance: Mean systemic vas- 

cular resistance was 3,570 dynes sec cm™ in the con- 
E trol period, increased 44 percent during the 3 hour 
a occlusion period, and then dropped to 22 percent 

- above control value after 60 minutes of reperfusion 
2 and to 10 percent below control value after 7 days of 
a reperfusion. Three hours of occlusion resulted in in- 
a creased systemic vascular resistance in five of the six 
i dogs, and after 7 days of reperfusion it decreased in 
.. five of six animals. 
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. sion it decreased 39 béntent There was little change 
d _ during the early reperfusion period (41 percent below 
“a control value), but it improved slightly to 25 percent 
below control value at the end of the 7th day. Stroke 
= work during the 1st hour of reperfusion remained 
below control value in all cases (—28 to —58 percent). 
E Relative to 3 hours of coronary occlusion, 7 days of 
d . reperfusion caused an improvement in five of the six 
- dogs (Fig. 5A to 9A). 
Coronary sinus blood flow: Mean coronary sinus 
-— flow during the control period was 132 ml/min (range 
m 117 to 142). It decreased to 26 percent below control 
x level during 3 hours of occlusion and returned to 3 
_ percent above control level after 7 days of reperfu- 
— sion. Two of the dogs exhibited a hyperemic response 
— immediately after reperfusion. 
E. Ejection fraction: Mean ejection fraction deter- 
-- mined by ventriculography was 0.49 in the control 
_ period and dropped to 0.18 after 3 hours of coronary 
E. occlusion. It improved only slightly to 0.23 after 1 
= hour of reperfusion but increased markedly to 0.48 
3 on the 7th day. In all cases, extended reperfusion 
. brought about an improvement in ejection fraction 
E relative to values in the 3 hour occlusion and early 
: reperfusion periods. 
= 


A. Metabolism (Table | and Fig. 3 to 8) 
Lactate balance ([arterovenous/arterial] X 


— 100) (percent): Myocardial lactate balances were de- 
E. termined for the occluded and nonoccluded segments 
.. of the left ventricle. 
E . Nonoccluded zone: Mean lactate balance in the 
. preocclusion control period was 50 percent, indicat- 
E ing normal extraction. Occlusion resulted in transient 
; . derangements, but the mean extraction was 44 per- 
cent after 3 hours of occlusion and 37 and 38 percent 
. at 1 hour and at 7 days of reperfusion, respectively. 
- In one dog lactate balance, which was depressed to 
less than 20 percent after 1 hour of reperfusion, im- 
- proved in 7 days (Fig. 9A). All six dogs had normal 
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lactate metabolism on the 7th day of reperfusion 
(range 25 to 45 percent). 

Occluded zone: Mean lactate balance in the con- 
trol period was 52 percent extraction. After 5 minutes 
of occlusion it was —6 percent, signifying lactate pro- 
duction, and at 3 hours of occlusion there was still 
deranged lactate balance (12 percent). 

Distinct early reperfusion lactate washout was 
noted in three dogs (Fig. 6A, 8A and 9A). At 1 hour of 
reperfusion, lactate balance in the previously occlud- 
ed zone was deranged (0.8 percent), but mean lactate 
balance returned to 36 percent after 7 days of reper- 
fusion. Three dogs at 1 hour of reperfusion exhibited 
lactate extraction below 20 percent in the previously 
ischemic zone (Fig. 5A and 9A). In four of the six 
dogs derangement in lactate balance was noted short- 


ly after occlusion, but there was improvement at 3 | 


hours of occlusion in two of these four dogs. On the 
7th day of reperfusion lactate metabolism in all dogs 
was returning to normal. 

Potassium (arteriovenous) (mEg/liter): Control 
myocardial potassium balance was —0.08 mEg/liter 
in both the occluded and nonoccluded regions. 

Nonoccluded zone: After 5 minutes of occlusion, 
this zone exhibited a mean myocardial potassium 
balance of —0.27 mEq/liter and after 3 hours of oc- 
clusion it was —0.15 mEg/liter. Early reperfusion 
measurements (1 hour) revealed a potassium balance 
of —0.11 mEg/liter, but the value returned to preoc- 
clusion control level on the 7th day. 

Occluded zone: Mean potassium balance at 5 min- 
utes of coronary occlusion was —0.59 mEg/liter. After 
3 hours potassium balance was —0.42 mKq/liter. 
Early reperfusion caused a significant potassium 
"washout" in two animals (Fig. 6A and 7A). After 1 
hour of reperfusion, there was a mean potassium bal- 
ance of —0.34 mEg/liter and on the 7th day potassi- 
um balance returned to near control level (—0.11 
mEdg/liter). 

Oxygen extraction (arteriovenous) (percent satu- 
ration): During the control period oxygen extraction 
was 66 percent and 60 percent in the nonoccluded 
and occluded regions, respectively. Except for re- 
duced oxygen extraction during the earliest period of 
reperfusion, there were no significant alterations dur- 
ing coronary occlusion or reperfusion. 


Histopathology 


In Group B, the mean microscopically verified in- 
farct was 14.2 percent of the left ventricular wall vol- 
ume. Two of the six dog hearts had minute left ven- 
tricular wall infarcts of 1 and 1.5 percent of left ven- 
tricular volume but two others had infarct volumes of 
43 percent and 23 percent, respectively. 'The remain- 
ing two dog hearts had intermediate-sized infarcts of 
8 and 9 percent, respectively. The primary area of in- 
farction, within the distal half to two thirds of the 
left ventricular anterior wall, included small central 
zones of transmural infarction, only when the infarct 
size was greater than 5 percent of the left ventricular 
volume. 
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FIGURE 11. Demonstration of myo- 
cardium entrapped by granulation tis- 
sue (B) exhibiting intact muscle fi- 
bers (A) after 3 hours of occlusion 
and 7 days of reperfusion. Note the 
vessel in the middle of the island of 
salvaged myocardium. (Hematoxylin- 
eosin X450, reduced by 24 percent.) 


Recent hemorrhages characterized the infarcts in 
all of these dog hearts. The marginal zones of repara- 
tive fibroblastosis and neoangiogenesis about all in- 
farction sites were broader and larger than in the 
control group. A prominent relation of these repara- 
tive zones centered around venous channels (Fig. 11). 
There were fewer and smaller foci of various stages of 
myocardial infarction and degeneration involving 
granulation tissue and entrapped myocardial fibers 
peripheral to the zone of major organizing infarction 
than in the control group. In all hearts of this series 
(Group B), the borders of infarction were far less de- 
marcated than in Group A. The fibrinous organizing 
pericarditis and endocarditis (with mural thrombi) 
were lesser in degree and frequency than in the con- 
trol group. 


Discussion 


Although many lives have been saved in the past 
decade as a result of new concepts in the aggressive 
management of cardiac infarction, including use of 
electrocardiographic monitoring techniques and early 
application of electrical countershock by specially 
trained coronary care personnel, management of 
acute infarction continues to present a significant 
challenge to the cardiologist, cardiac surgeon and 
basic investigator. More recently, physiologic moni- 
toring has been developed, which provides a control 
of specific pharmacologic and mechanical manipula- 
tions to optimize preload and afterload of the failing 
ventricle. 


. Factors and Interventions Affecting Infarct Size 


Considerable interest is now being focused on re- 
cent research data suggesting that infarct size might 





be minimized by certain pharmacologic or mechani- 
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cal interventions.!9!7 Revascularization after acute  . 


coronary occlusion has been advocated because it . 
might significantly improve cardiac function, mini- — 


mize the eventual infarct size and increase survival? 
Among the basic questions requiring early resolution . 


is how long after an acute coronary occlusion myocar- — 


dial tissue will remain viable to permit effective in- 


terventions, and also what are the potential benefits ES 


or hazards of revascularization. 


It was previously believed that the fate of the isch- 
emic myocardium was determined at the time of an 
acute coronary occlusion. Some investigators lead us 
to assume that 60 minutes after an occlusion most of 
the ischemic myocardium becomes irreversibly dam- — 
aged so that subsequent intervention would not in- _ 


fluence the infarct. This concept is largely derived _ 


from pioneering studies in open chest dogs in which © 
acute occlusion of the left circumflex coronary artery — 


was followed by extensive histopathologic analysis of 


the left ventricular posterior papillary muscle. Be- 33 
cause this muscle lacks the collateral blood supply — 


exhibited by other segments of the left ventricle, cau- 


tion must be used in applying these data to regions of 
the heart that have collateral circulation and thus 


might withstand longer periods of acute occlusion. 


The problem of saving regionally ischemic and jeo- 2 


pardized myocardium is now being restudied for vari- 


ous sites of coronary occlusion.!92? In addition, evi- — 
dence and concepts of remote myocardial metabolic — 
infarction cause us to believe that all parts of the - 
heart may have to be considered jeopardized after an x 3 


acute coronary occlusion.?!~*° 


Several reports!!?? have indicated that acute car- E 
diac infarction might be controlled and infarct size — 
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FIGURE 12. Muscle fiber degeneration observed after 3 hours of oc- 
clusion followed by 30 minutes of reperfusion. Note the early reper- 
fusion derangements including intracellular and extracellular edema 
and extravasated red blood cells. (Hematoxylin-eosin X450, reduced 


- by 28 percent.) 


reduced by manipulations applied as long as 3 to 5 


_ hours after occlusion of the proximal left anterior de- 
= scending artery. Among interventions being consid- 


ered!? are: (1) increasing myocardial oxygen supply 


_ through oxygen administration, enhanced oxygen dif- 
fusion, coronary vasodilatation, revascularization or 
. coronary venous retroperfusion; (2) reduction of oxy- 


gen demands by optimizing left ventricular afterload 


and preload; (3) enhancement of cell membrane 


transport; (4) reduction of intracellular swelling and 


. interstitial edema to promote reflow of blood; and (5) 
. improvement of autolytic processes. It is difficult to 
. assess the influences of any of these interventions on 


the coronary-occluded myocardium, chiefly because 


. there are as yet no reliable methods of measuring the 


regional dynamics of progressive infarction or quanti- 
tating infarct size in the beating heart. Evaluation of 
benefits or drawbacks of treatment requires compre- 


_ hensive determinations of regional metabolic, me- 


chanical and electrophysiologic function and hemo- 


_ dynamic status of the cardiac and systemic circula- 


tions. 

Our study focused specifically on the question 
whether ischemic myocardial damage can be modi- 
fied by restoring coronary arterial blood flow after 3 
hours of occlusion of the proximal left anterior de- 
scending coronary artery. Previous investigations 
performed in a closed chest intracoronary balloon oc- 
clusion-reperfusion model revealed that 5 hours of 
reperfusion after 3 hours of such occlusion failed to 
improve and often caused further deterioration in he- 
modynamic indexes as well as myocardial metabo- 
lism.!? Our current objective was to establish in the 
same preparation whether such derangements persist 
during a more prolonged period of revascularization. 
Simultaneous regional myocardial metabolic, me- 
chanical and hemodynamic measurements were ob- 
tained in this study after a 3 hour period of occlusion 
and after reperfusion lasting 7 days. These data and 
measurements of infarct size were contrasted with 
findings in a control series with 7 days of constant oc- 





clusion. Because of the high mortality rate associated 
with coronary occlusion or reperfusion of the proxi- 
mal left anterior descending coronary artery and cer- 
tain technical difficulties, the size of the series is lim- 
ited. We attempted to duplicate the site of occlusion 
in the left anterior descending coronary artery in 
each dog by placing the intracoronary balloon imme- 
diately distal to the first diagonal branch of this ar- 
tery and estimated that approximately 30 to 40 per- 
cent of the left ventricle was rendered ischemic by 
the acute occlusion produced in our preparation. 
However, inevitable variations in coronary vascula- 
ture and particularly in the degree of overlapping 
and collateral circulations preclude achievement of 
identical areas of ischemia. 


Pathologic Studies—Effects of Occlusion, 
Consequences of Reperfusion 


The most striking difference between the control 
group (Group A, 7 days of occlusion) and Group B (3 
hours of occlusion, 7 days of reperfusion) was in the 
resulting infarct size. In the control group, mean in- 
farct size was 31.6 percent of the left ventricular wall 
volume with three large infarcts of 50, 46 and 32 per- 
cent and two lesser infarcts of 16 and 14 percent, re- 
spectively. The purpose of the 7 days of reperfusion 
after the 3 hour period of occlusion was to salvage a 
substantial portion of the ischemic myocardium from 
necrotizing infarction. The six surviving dogs had a 
mean infarct size of 14.2 percent of the left ventricu- 
lar wall volume, which was about half that of the con- 
trol group. However, of these six dogs, two had large 
infarcts of 43 and 23 percent, respectively, two had 
very small infarcts (less than 1.5 percent) and the re- 
maining two had infarcts of intermediate size (8 and 
9 percent, respectively). The variable infarct size en- 
countered in both groups might be attributed to ana- 
tomic differences in coronary arterial overlapping or 
collateral circulation and inadequacies in reflow 
caused by tissue edema, extravasation of blood cells 
and cell swelling?6 (Fig. 12). However, in spite of this 
variability the reduction in infarct size appears to be 
of clinical significance, suggesting that revasculariza- 
tion might favorably influence the ischemic process 
and save myocardial tissue. 

The determination of infarct size was based upon 
detailed microscopic analysis. Some investigators 
have used other methods or reported results of naked 
eye inspection as to the distribution and degree of in- 
farction. Our experience indicated that naked eye es- 
timates of infarction size were grossly inaccurate, 
particularly in the presence of hemorrhages, and, on 
the average, exceeded microscopic evaluation by 45 
percent. 

Striking differences were noted in the character of 
the infarcted muscle border zones of the two groups 
of dogs. In Group A, the ischemic zone of the left ven- 
tricular wall had a large central area of infarcted 
muscle with marginal zones of granulation tissue en- 
trapping clusters of muscle cells. Some of the clusters 


ef 


showed a progressive range from mild degeneration 
to irreversible coagulative necrosis, which appeared 
more recent than that of the major infarction. In con- 
‘trast, in Group B after 7 days of reperfusion, the cor- 
responding major area of infarcted muscle within the 
anterior wall of the left ventricle not only was smaller 
but also included a broader zone of granulation tissue 
with fewer clusters of entrapped muscle. These clus- 
ters appeared more uniformly normal in that degen- 
erative and newly coagulative necrosis was less evi- 
dent. It appeared, therefore that jeopardized myocar- 
dium bordering on zones of major infarction was sal- 
vaged through effective reperfusion by way of func- 
tioning coronary vessels (Fig. 11). 

Another difference between the two groups was the 
prominent extensive interstitial acute hemorrhage in 
the area of infarcted muscle, as well as in the adja- 
cent surviving muscle in all dogs subjected to reper- 
fusion (Group B). Similar acute interstitial hemor- 
rhages were found in only one of the hearts of the 
control group. The source of acute hemorrhage may 
be periinfarction neoangiogenesis and necrosis of cor- 
onary arteries of small to intermediate caliber. De- 
generative changes after reperfusion in arteries of 
small caliber have been previously described.7.?7 

Some investigators?? have recently concluded that, 
after 3 hours of occlusion of the proximal left anterior 
descending coronary artery in the dog, reperfusion 
would salvage most of the ischemic myocardium, 
whereas others??? have noted substantial failure of 
reperfusion to reduce infarct size and have pointed to 
gross evidence of hemorrhages. Such divergent re- 
sults might be accounted for by differences in meth- 
odology of measurement of infarct size coupled with 
differences in open chest preparations and in degree 
of ischemia. 

Studies by Whalen et al.?? on the morphologic fea- 
tures and ion content of canine myocardial cells with 
ischemia and reperfusion support the hypothesis that 
loss of cell volume regulation may be one of the pri- 
mary consequences of myocardial ischemia. Intracel- 
lular and interstitial swelling after coronary occlusion 
is aggravated during the initial phase of revascular- 
ization and is believed to cause a “‘no reflow" state 
that interferes with reestablishment of perfusion of 
the myocardium in the early phase of reperfusion, 
limits nutrition of the ischemic zone and often results 
in further deterioration of cardiac metabolic and me- 
chanical function. Inadequate reflow may be associ- 
ated with other functional abnormalities such as de- 
ranged membrane permeability and the regulation of 
cellular ion transport.?$ 

In our studies of 30 minutes of reperfusion after 3 
hours of coronary occlusion, swelling was one of the 
earliest recognizable morphologic changes (Fig. 12). 
A series of chronic experiments revealed that the 
swelling gradually decreased until it became imper- 
ceptible with 4 days of reperfusion after 3 hours of 
occlusion. It appears that, with extended reperfusion, 
swelling recedes, reflow is generally reestablished, 


i 


and mechanical and metabolic function of the left — 


ventricle is restored. 


Effects of Occlusion on Cardiac Function 


After 3 hours of occlusion of the proximal left ante- 
rior descending coronary artery, all dogs sustained 
regional akinesia or dyskinesia and a considerable de- 
crease in left ventricular ejection fraction. Compro- 
mised contractile function was also reflected in mea- 
surements of left ventricular stroke volume, maximal 
dP/dt, stroke work and cardiac output. Abnormal 
lactate and potassium balance resulted in the region 
with coronary occlusion, and occasionally pro- 


nounced metabolic derangements also occurred in - 


the nonoccluded zone. Oxygen extraction changed 
minimally. : 
On the 7th day of occlusion, measurements gener- 


ally indicated persisting mechanical and metabolic - 
dysfunction. Lactate balance in the occluded zone 


was abnormal or at production level, whereas potassi- 


um balance tended to return to control level. Lactate — 
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derangements were also noted in the nonoccluded 


zone; correlations of this metabolic dysfunction with 


focal remote infarcts are dealt with in a separate | 


paper.?^ The heart rate on the 7th day of occlusion 
was invariably increased and ejection fraction as well 


as stroke volume remained depressed. The persistent — 


severely reduced lactate extraction or production 
probably reflects the effects of tachycardia on clus- 
ters of degenerating but still viable cells in the oc- 
cluded zone. 


Effects of Reperfusion on Cardiac Function 


Reperfusion after 3 hours of occlusion did not lead 
to immediate restoration of contractile metabolic and 
hemodynamic function. In fact, after 1 hour of revas- 
cularization all dogs exhibited persisting pronounced 
contractile, metabolic and hemodynamic dysfunction 
relative to the occlusive state immediately before 
reperfusion. Regional dyskinesia appeared unaltered 
and left ventricular ejection fraction as well as cardi- 


ac stroke volume failed to increase in early reperfu- - 


sion (Fig. 5 to 9). Maximal dP/dt usually decreased 
further even though coronary sinus blood flow re- 
turned to normal in three of five dogs. Systemic vas- 
cular resistance decreased significantly, and cardiac 
output generally rose above control level at 3 hours of 
occlusion. Equally striking was the persistence in lac- 
tate and potassium derangements at 1 hour of reper- 
fusion. Mean lactate balance in the occluded region, 
which was 12 percent at 3 hours of occlusion, dropped 
below 1 percent within 1 hour of initiating reperfu- 
sion. Less striking metabolic changes were also noted 
in the nonoccluded segment. Our data clearly indi- 
cate a failure of early reperfusion to reverse dysfunc- 
tion and confirm trends we have previously re- 
ported!? during the first 5 hours of reperfusion. 
These experimental observations have profound clin- 
ical implications in that revascularization must not 
be assumed to provide an immediate reversal of left 


d «rM $ «Was v 
cat e d ~ 


i" » A 
» m = S39 
Docs e d 


m s bM. Mu GRR a d 
dile es Aha Cod 


w^ . 


PS ym Eie i a Ad war Se a ERO, rame à no BAUM ud a A eC NS A, mro edes MES 
IC XA eu a em n A rm PE S DEED AMNEM RR IC E cT a Eo rae Ci POCO I aeo 


CU E euin vy uet ^ EM at $2 Cii `. Sun 
a T ET Lees i Pe LIA E UEM TSA A m RR JY | Ns Aer EAT NONS or 


OS: 


"2 mc TESI An a aur (Cede TS 
EA es x e SE Sates uA x 


eT ot hea ae 
an TER 


T. 


TES » 
ë 


T : g 
rae: a Cs 
E : A T 


CUTS, TE 
: 


, 





VER 


IE, 
f 


Sel Babee NE) 
U A T 
^ 


bd "a "NE 


BS 


Se aoe i, Cee ee 
+ $ ^ 
~ 


ee BR aga yy 
B Wen Fee 
"e * » Ei 


EUNN 


TE. 
TM 


TEP 
TRUE 


Lr. 


rem 


^ - 





^ 
-9 

"A =” =. 

+> "mv um 


ARES 


-.. REVASCULARIZATION AFTER 3 HOURS OF OCCLUSION—COSTANTINI ET AL. - LL AE [TE MA 


-ventricular dysfunction. We believe that the early 


hours after bypass surgery in acute infarction consti- 
tute a hazardous transition period during which the 
closest monitoring and suitable treatment may be in- 
dicated to prevent serious arrhythmias and develop- 


ment of cardiogenic shock. 


Our data on the 7th day of reperfusion are in sharp 


— contrast to those of the early reperfusion period. 


^ After 7 days of reperfusion, the surviving dogs exhib- 
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ited a much improved cardiac function; lactate me- 
tabolism returned to near control level, and ventricu- 
lograms generally revealed resumed kinesis of the 
previously dyskinetic or akinetic anterior wall seg- 
ment. Cardiac stroke volume as well as other hemo- 
dynamic measurements corroborated the benefits of 
prolonged reperfusion. In spite of the early metabolic 
and mechanical instabilities and potential hazards of 
dysrhythmias, a period of 7 days of reperfusion was 


generally found to improve function and enhance 


survival as compared with 7 days of occlusion. By 


. contrast, the derangements of cardiac function and 


unsettled morphologic features on the margin of the 
infarct observed on the 7th day of occlusion, coupled 


with the finding of a larger mean infarct size and 
-= greater mortality in the control series, tend to em- 
_phasize the risks involved in not revascularizing in 
_ the presence of a major acute coronary occlusion. 


.. Correlation of Infarct Size with Cardiac Function 


It appeared from our data that ejection fraction, 


— regional dyskinesia and indexes of contractile func- 
- tion were not related only to the size of the infarct. In 


the two dogs in Group B with the smallest infarcts 
(less than 1.5 percent of the left ventricular wall vol- 


. ume), there was apparently good correlation with 


ejection fraction since the latter returned to control 


- level on the 7th day. However, ejection fraction was 


also normal in the dog in this group with the largest 
infarct (43 percent of left ventricular wall volume). 
There also appeared to be no direct correlation be- 
tween regional metabolic function and infarct size. In 


one dog with a large infarct after 7 days of reperfu- 


sion lactate extraction returned to normal within 1 
hour of reperfusion. By contrast, a similarly large in- 


-~ farct in a dog after 7 days of occlusion was associated 
—— with severely deranged metabolism. 


. Clinical Application of Early Reperfusion After 


Coronary Occlusion 


Surgical revascularization of an acute cardiac in- 
farct has been proposed with a view to reducing in- 


—  farct size and decreasing mortality in man. This 


study establishes that reperfusion in dogs significant- 
ly decreases mean infarct size, suggesting that the 
jeopardized myocardium might still be salvageable 
after longer periods of coronary occlusion than pre- 
viously deemed possible. However, infarct size was 
not reduced in some of the hearts, which suggests 


- that 3 hours of coronary occlusion might be ap- 


proaching the maximal time beyond which ischemic 
alterations might no longer be reversed. Further in- 


vestigation is needed to determine whether reperfu- 
sion after longer periods of occlusion might be benefi- 
cial. : 

Our reperfusion data differ from those of other in- 
vestigators who reported failure of reperfusion after 
shorter periods of coronary occlusion.?? These differ- 
ences might be due to specific differences in open 
chest as compared with closed chest preparations and 
variations in mode of performing coronary occlusion. 
The reliability of many different end points used to 
judge the predicted infarct size, such as alterations in 
epicardial electrocardiogram or serum creatine phos- 
phokinase levels has recently been questioned. We 
believe that our method, which provides simulta- 
neous measurements of regional metabolic and me- 
chanical function of both ischemic and nonischemic 
segments in a closed chest intracoronary balloon oc- 
clusion-reperfusion model, provides more meaningful 
end points than those of previous studies. These 
measurements, when coupled with detailed patholog- 
ic evaluation of infarct size, provide a comprehensive 
experimental data basis for assessing the effects of 
revascularization during an evolving myocardial in- 
farction. 

A few reports! indicate that the operative mor- 
tality rate of coronary arterial bypass surgery after 
acute infarction ranges from 14 to 39 percent. Such a 
wide difference is not surprising because of the wide 
spectrum of patient population studied, including 
cases of impending rather than established acute cor- 
onary occlusion, and the various intervals between 
the onset of acute occlusion and the attempt at revas- 
cularization. Such operative mortality figures should 
be contrasted with the average 15 percent mortality 
rate reported in patients with acute infarction receiv- 
ing medical treatment in well equipped coronary care 
units. 

In the current study 37 percent of the reperfused 
group and 67 percent of the control group were ex- 
cluded because they did not survive the 7 day experi- 
mental period. The high mortality rate found in both 
groups was presumably related to absence of therapy 
or special care during the 7 day period in the vivar- 
ium. Death in the control group occurred throughout 
the 7 day period. By contrast, death in the reperfused 
group occurred largely within the early period of re- 
perfusion when hemodynamic, myocardial metabo- 
lism and mechanical function remained severely 
compromised and ominous arrhythmias supervened. 

One major finding of our study relates to the un- 
stable period during the early phase of reperfusion. 
Sequential biopsy studies indicated that the instabil- 
ity of this period is associated with swelling of the 
ischemic zone. This could result in poor reflow, as 
shown by other studies demonstrating delayed return 
of glycogen, phosphorylase and adenosine triphos- 
phatase activity in the myocardium for the first 2 
hours of reperfusion?! | 

Severe cardiac dysfunction and arrhythmias are 
also encountered in man during the early stages of 
coronary bypass surgery after acute infarction.!? Our 
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studies raise the question whether surgical interven- 
tion constitutes further jeopardy to the already un- 
stable condition of the patient with acute infarction. 
Maximal hemodynamic and arrhythmic monitoring 
and appropriate treatment must be provided during 
this unstable period. Administration of mannitol and 
other hyperosmolar agents and corticosteroids that 
counteract swelling of the myocardium could facili- 
tate “reflow” into the edematous ischemic zone and 
might salvage some of the jeopardized myocardium.?? 
Combined use of counterpulsation and nitroprusside 
and other pharmacologic agents might also benefit 
the jeopardized myocardium in the early stage after 
emergency coronary bypass surgery by reducing car- 
diac work load and oxygen demands. 

Because of these considerations, we must question 
under what circumstances bypass surgery should be 
performed after acute infarction. In the early stage of 
infarction, it might reduce infarct size, but this ap- 
pears unpredictable and the surgical intervention is 
associated with significant operative mortality. If the 
clinical signs and electrocardiogram reveal a massive 
area of acute myocardial injury, thus suggesting a 
high risk patient, early revascularization, within 3 
hours of occlusion, might be indicated for reduction 
of infarct size and improvement of function. Such ap- 
plication of emergency bypass procedures necessi- 
tates ready availability of cardiac catheterization and 
surgical teams for performance of angiography and 
bypass surgery. 

This study excluded several animals in which 
shock developed. The data on these animals will be 
incorporated in a forthcoming report on cardiogenic 
shock and reperfusion. The value of revascularization 
in the treatment of cardiogenic shock remains in 


question. In 75 percent of patients the onset of the - 


shock state does not become clinically evident until 
24 hours after acute infarction and after more than 


40 percent of the left ventricle is infarcted.?? Revas- — 
cularization in such patients would appear futile 


since too much time has elapsed to expect reversal of 
the ischemic damage. However, total circulatory as- 


sistance used in performing the coronary bypass pro- - 


cedures might correct the dysfunction of noninfarct- 
ed tissue. Because the cardiogenic shock state is ac- 
companied by mortality rates of 80 to 95 percent, fur- 
ther studies are needed to determine whether coro- 
nary bypass surgery combined with circulatory assis- 
tance and afterload-reducing agents might salvage 
some of these patients. 

We conclude that there are two beneficial effects 
of revascularization after 3 hours of occlusion: (1) 


Average infarct size is significantly reduced: by pro- . 
longed reperfusion after 3 hours of occlusion, al- 
though it may be unchanged in individual cases, and — 
(2) restoration of cardiac function usually occurs by 


the 7th day. 
Adverse effects of reperfusion include swelling of 


the ischemic myocardium caused by interstitial | 


edema, cell degeneration and hemorrhages. Cardiac 


metabolic and mechanical function remains abnor- . 


mal or deteriorates further for at least 1 hour after 


reperfusion. The unstable stage probably results 


from poor reflow. 
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Focal necrosis (microinfarcts) and regional lactate derangements 
were observed in closed chest dogs in the nonoccluded (remote) pos- 
terior segments of the left and right ventricles after acute occlusion of 
the proximal left anterior descending coronary artery. 

Focal infarcts in the remote areas were observed in five of six dogs 
with 7 days of occlusion of the left anterior descending artery and in 
six of seven dogs with 7 days of reperfusion after 3 hours of occlusion. 
There was a good correlation between the finding of microinfarcts and 
myocardial lactate derangements in the corresponding remote myo- 
cardium. No significant lactate derangements or microinfarcts were 
found in sham experiments. These findings suggest that ischemia of 
the remote myocardium frequently accompanies an acute coronary 
occlusion and may result in irreversible focal lesions. 


Management of acute myocardial ischemia is usually aimed at treat- 


ing metabolic and mechanical dysfunction of the coronary-occluded : 


region of the heart. It is normally assumed that the function and mor- 
phologic features of the heart remote from the occluded region will 
remain unimpaired and contribute compensatory hypercontraction 
to maintain an adequate output. However, newly derived data sup- 
port the concept that a major coronary arterial occlusion is associated 
with significant metabolic derangements in both coronary-occluded 
and nonoccluded zones of the heart.!-7 We? previously reported mi- 
croinfarcts in the nonoccluded zone after acute coronary occlusion 
and reperfusion in three dogs, but all had significant hypotension. 
The question remained unanswered whether such infarcts were due 


to remote effects of occlusion or reperfusion derangements as such, - 
reduced coronary flow secondary to acute hypotension, or other — 


mechanisms. 

This investigation compares regional metabolic measurements in 
the nonoccluded zone with the subsequent finding of infarcts in the 
corresponding “remote” area. These closed chest dogs remained nor- 
motensive after they were subjected to 7 days of coronary arterial oc- 
clusion or 3 hours of occlusion followed by 7 days of reperfusion. 
Other studies were designed to determine the effects of coronary oc- 
clusion upon glycogen content in the remote myocardium. 


Methods 


Closed Chest Preparation 


Simultaneous regional metabolic measurements in both the nonoccluded - 


and occluded myocardial zones after occlusion of the left anterior descending 
coronary artery were performed during brief separation of coronary venous 
compartments in the closed chest intracoronary balloon occlusion-reperfu- 
sion canine model previously described by us.°-’ Thus, myocardial lactate 
and potassium balances were obtained from myocardial zones perfused by ei- 
ther the left anterior descending or left circumflex coronary arteries. The 
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methods and procedures as well as specific measurements 


have been defined previously. The closed chest dog series 
were: group A, 7 days of continuous occlusion; group B, 3 
hours of occlusion followed by 7 days of reperfusion; and 
group C, fully instrumented sham experiments without 
coronary occlusion that were observed for 7 days. 

The following common pathologic procedure was applied 
in analyzing the hearts from these series. 

Gross and microscopic methods employed in quantitat- 
ing the size of the anterior left ventricular infarct is pre- 
sented elsewhere in this Symposium.? Since infarcts cannot 
always be discerned by the naked eye light microscopy is 
necessary (Fig. 1 to 3). In this study, the “remote area" of 
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myocardium, whose circulation is presumed unaltered by 
the occluded left anterior descending artery, was divided 
into three parts: (1) posterior left ventricle, (2) posterior in- 
terventricular septum, and (3) right ventricle (lateral and 
posterior aspects). Each part was independently evaluated 
by two investigators. Figure 4 shows a typical infarct analy- 
sis in myocardial slabs (Dog no. 421). 

The myocardial infarction in the remote area presented 
on the 7th day of occlusion or reperfusion in identical fash- 
ion as minute foci of proliferating fibroblasts and endothe- 
lial cells and occasional necrotic muscle fibers. Rarely, 
small confluent foci of coagulated muscle were encircled by 
variable degrees of proliferating fibroblasts and endothelial 








FIGURE 1. Photomicrograph of left ventricular 
posterior wall showing a remote subendocardial 
focal infarct in a dog after 3 hours of occlusion 







aa “~*~ and 7 days of reperfusion. Note the demarcated 

nm f HAN . cellular proliferation and infiltration by lympho- 

SV 17/7. cytes (hematoxylin-eosin X500, reduced by 32 
NE WE, percent). 


FIGURE 2. Photomicrograph of a 
"remote area” early focal myocardial 
infarct 3 hours after occlusion of the 
left anterior descending coronary ar- 
tery in sequential zones A through G 
(biopsy specimen from a dog in an- 
other series). The slide exhibits mus- 
cle fiber edema in zone A; amor- 
phous myofibrillar granular coagula- 
tion with pyknotic nucleus in zone B; 
confluent coagulative myoplasm ne- 
crosis in zone C; disintegration by 
lysis of necrotic muscle fiber with nu- 
clear change resembling histiocytosis 
in zone D; myocytolysis with empty 
shells of muscle fibers containing va- 
cuolated muscle-histiocytes, pyknotic 
sarcolemmal nuclei in zone E; capil- 
lary channel with increased number 
of endothelial cells in zone F; myocy- 
tolysis with vacuoles, vague shadows 
of residual cross striation, intrafiber 
lymphocytes in zone G (hematoxylin- 
eosin-eosin X800, reduced by 31 
percent). 
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cells. Such infarcts, on this 7th day of host response, were 
measured as volume in cubic millimeters. Any observed ar- 
terial or venous occlusion, (in addition to the left anterior 
descending artery occlusion) were identified. 

The closed chest intracoronary balloon occlusion-reper- 
fusion model features regional measurement of myocardial 
metabolism. Metabolic data from the nonoccluded left ven- 
tricular posterior zone were obtained by simultaneous 
blood sampling from the aorta and coronary sinus in the 
presence of brief temporary balloon occlusion of the great 
cardiac vein. Thus, sampled coronary venous blood essen- 
tially represented drainage of the left circumflex coronary 
system. Lactate extraction or production in the nonocclud- 
ed zone, measured during occlusion or reperfusion, was cor- 
related with observed microinfarction in the corresponding 








sured by its tinctorial presence in muscle fibers. Its grading 
ranged from full complement present in all fibers (4+) to 
total absence (0+). Grading was 1+ when glycogen was 
present in less than 25 percent of muscle fibers, 2-- when 
present in less than 50 percent, 3+ if found in more than 50 
percent, and 4+ if found in more than 75 percent of fibers. 


Results 


'The results from the closed chest dog series are re- 
ported in terms of two observations: (1) correlation of 
focal infarction in the left ventricle posterior wall 
with the finding of deranged lactate metabolism in 
the nonoccluded region, and (2) histopathology of 
microinfarcts (Fig. 1 to 5). 
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acute occlusion of the proximal left anterior descend- | 
Open Chest Preparation ing coronary artery, regional measurements revealed | 4 
The open chest experiments utilized sequential myocar- significant lactate derangements in the coronary-oc- . ; 
dial biopsy specimens taken from the ischemic and non- cluded region, but often also in the nonoccluded  . 
ischemic regions of the left ventricle. Myocardial biopsy zone.5-^? Lactate balance determinations up to the — - 
specimens were obtained serially up to 4 hours after coro- 7th day of occlusion indicated severe lactate derange- 
nary occlusion.” i : ments in the occluded region in all six dogs, and also - 
We — e Loose d ved nee which, sporadic abnormal lactate extraction (less than 20 E 
is rbi dy Th on is Pd hd E ae ion for percent) in the nonoccluded segment (posterior left 
PREVIO moe ee ges epee phir ye ry eh hes KAAS TORD ventricle) in four of these animals. Progressive alter- 
and generally provided an intact biopsy cylinder of ti f :onal dial iactat tabals i 3 
transmural cardiac tissue from which excellent micromor- pomis gute vols ini iacvate Eier 1 N 
phologic specimens could be prepared. The tissue samples the coronary-ocen ed and nonoccluded Zones Bie. Hs 
were microscopically surveyed with traditional hematoxy- lustrated in one representative experiment (Fig. 6). c day 
lin-eosin stain and glycogen (Best-Carmine) stains. The Table IA (series A) presents the histopathologic f 
glycogen content of the myocardial biopsy core was mea- findings in various segments of the hearts that had _ 
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FIGURE 3, left. Photomicrograph of focal subendocardial infarct of left ventricular posterior wall after persistent occlusion of the left anterior de- — 
scending artery for 7 days. Note the fibroblastic infiltration and granulation reaction with black areas representing calcification (hematoxylin- — 
eosin X250, reduced by 25 percent). 


FIGURE 4, right. Method of infarct determination. The method described in the text is illustrated by segmental sketches of transcardiac slabs 
from the heart of a dog with 7 days of occlusion. Sections are 10, 30, 50 and 70 mm slabs, respectively, from the apex. Confluent infarction is _ 
represented by cross-hatching; the dots indicate minute foci of infarction. The latter are occasionally noted in the posterior interventricular sep- 
tum and the posterior walls of the left and right ventricles. ANT. — anterior; L — left; POST. — posterior; R — right. 
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e Myocardial Infarction Volume 
si > | Primary 
i, Infarct 
e (cm*)* 
E (sum of 
e LVAW, Infarction in Remote Area (cm?)* 
4 SAH, 
1 ... Dog no. RVAH) LVPW SPH RVPH Total 
E i A. Series A, 7 Days of Occlusion 
B. 162 54.9 6.4 0 1.7 8.1 
E. o. 191 76.5 0.7 1.2 1.0 2.9 
E 23 66.9 1.6* 1.4 1.97 4.9 
B 238 30.0 0 0 0 0 
E 41 30.4 0.21 0d5- . <0 0.35 
2 TW. 421 19.9 0.05 0.01 0.2 0.26 
Fs .. B. Series B, 7 Days of Reperfusion After 3 Hours of Occlusion 
P P 
B... i168 21.4 1.71 0.21 0.5 2.4 
2. 388 39.2 0.5 0.2 0.03. 0.73 
B9 153 L3 0.2 ost. ^ 23 
Boe 304 0 004 — 01 0.14 
|... 240 1.9 1.8 ot 0.03 1.83 
250 10.4 0.9 0.3 0.05 1.25 
287 1.4 0.4 0 0.05 0.45 
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. mal and minimal observed “remote area" 
- for each group of animals. A detailed study of the 




















*Sum of confluent and patchy infarction expressed in 


Cubic centimeters of tissue. J 
_ t Observed small coronary embolic arterial occlusion. 


AH =anterior half; AW = anterior wall; LV = left ventricle; 


PH = posterior half; PW = posterior wall; RV = right ventri- 
cle; S = septum. 


been subjected to 7 days of occlusion of the proximal 
left anterior descending artery. “Remote area" myo- 


cardial infarction, largely of a focal character, was 


noted in the left ventricular posterior wall and also in 


the posterior aspects of the interventricular septum 


and right ventricle. The extent of these infarcts in in- 
dividual segments is given as estimated volume in 
cubic centimeters of cardiac tissue. The average size 
of a “remote area" infarct was 2.8 cm? as compared 


= with 46.4 cm? for an average primary anterior left 
_ ventricular wall infarct. In one animal the sum of re- 


mote infarctions was as large as 8.1 cm?, which repre- 
sents 4.4 percent of the total cardiac wall volume. 
There appeared to be no definite relation between 


.. volume of the microinfarcts in the posterior left ven- 


tricle and the size of the anterior wall infarct. 
Figure 5 illustrates the dog hearts with the maxi- 
infarction 


vasculature revealed occasional instances of small ar- 
terial vessel occlusions within the posterior walls of 
the left and right ventricles. In one dog there was a 


possible geographic relation of the vascular lesion 


with the occurrence of remote microinfarction. 
Table ITA (series A) contrasts the abnormal lactate 
metabolism measured in the nonoccluded zone of the 


left ventricle (for periods of at least 1 hour) against 
the finding of infarction in the posterior wall of the 
. left ventricle. Of the total series of six dogs, five ex- 


TABLE I! 


Left Ventricular Posterior Wall Infarction vs. Deteatienete 
in Myocardial Lactate Extraction 


Left Ventricular Posterior Wall 








Lactate 
Infarction Extraction Correlation of 
Dog no. (cm3)* (95) t Infarction vs. LE* 
A. Series A, 7 Days of Occlusion 

161 6.4 +1f Yes 

191 0.7 —101 Yes 

232 1.6 *16i Yes 

238 0 +37 Yes 

411 0.2 —4t No 

421 0.05 +27 Borderline LE 





B. Series B, 7 Days of Reperfusion After 3 Hours of Occlusion 





168 1:7 51 Yes 

188 0.5 18i Yes 

220 1.3 31 No 

239 0 33 Yes 

240 ^ 1.8 25 Borderline LE 
250 0.9 22 Borderline LE 
287 0.4 8i Yes 





* Left ventricular posterior wall infarction expressed as 
tissue volume (cm?). 

t Lactate extraction (LE) is measured as 
| regional venous lactate 


j | X 100 (95). 
aortic lactate 


* Myocerdial lactate extraction is considered significantly 
deranged when it is less than 20 percent. 


hibited focal remote posterior wall infarcts in the left 
ventricle. Of these five animals four had instances of 
abnormal lactate metabolism (less than 20 percent) 
in the nonoccluded zone, one other dog had a margin- 
al lactate extraction of 27 percent compared with a 
preocclusion control level of 51 percent, and 0.05 cm? 
of microinfarction. In the remaining animal with nor- 
mal left ventricular posterior. wall morphology, lac- 
tate metabolism was in the normal range. Thus, there 
was a direct correlation in five of the six animals be- 
tween measurements of nonoccluded zone lactate 
balance and the presence or absence of remote in- 
farcts (Table IIA). Similarly, myocardial potassium 
loss from the remote area correlated with the focal 
infarction. 

Systemic vascular resistance, an index of left ven- 
tricular afterload, was determined during the 7 day 
observation period. Of four dogs that exhibited sig- 
nificantly increased systemic vascular resistance, 
three had evidence of remote infarction. Two animals 
with decreased or unchanged resistance had none or 
only 0.05 cm? focal necrosis in the posterior left ven- 
tricle. This suggests a strong correlation between in- 
creased afterload and finding of microinfarcts. 

Series B: 7 days of reperfusion after 3 hours of 
occlusion cf the left anterior descending coro- 
nary artery (7 dogs): The typical sequence of re- 
gional myocardial lactate measurements is indicated 
in an individual dog (Fig. 7). After coronary occlu- 
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FIGURE 5. Maximal and minimal morphologic alteration observed in 
remote myocardium. Left, samples from dogs in the group with 7 
days of occlusion. Right, samples from dogs with 7 days of reperfu- 
sion. All the sections shown were taken at similar levels of each dog 
heart. Each dot indicates (schematically) about 1 mm? of focal in- 
farction; areas of confluent infarction are crosshatched. Animals 
161 and 240 exhibit maximal observed remote area infarction in the 
left ventricular posterior wall of both groups of dogs. Animals 421 
and 227 have minimal remote area infarction in the corresponding 
areas of heart. Primary and remote area infarctions in the reperfu- 
sion series were significantly less than those encountered in the 
continuously occluded series. LV = left ventricle; RV = right ventri- 
cle. 


sion, blood lactate balances became abnormal in both 
occluded as well as nonoccluded regions. This meta- 
bolic dysfunction tended to persist throughout the 3 
hours of occlusion. The early (1 hour) period of re- 
perfusion resulted in severe lactate imbalance and 
was characterized by arrhythmias and metabolic dys- 
function persisting in both myocardial zones. How- 
ever, after 7 days of reperfusion, six of the seven ani- 
mals exhibited normal myocardial lactate balances in 
both zones. 

Table IB (series B) summarizes histopathologic 
data in differing segments of hearts subjected to 7 
days of reperfusion after occlusion of the proximal 
left anterior descending artery. Foci of myocardial in- 
farction were observed in the posterior portions of 
the left ventricle and interventricular septum as well 
as the right ventricle (Fig. 5). The average remote 
area infarct was 1.3 cm® compared with an average 
primary infarct of 17.1 cm? in the anterior wall of the 
left ventricle. The largest sum of “remote area" in- 
farction was 2.4 cm? and represented 0.9 percent of 
the total cardiac wall volume. As in group A, there 
appeared to be no strong correlation of these “remote 
area" infarcts with the volume of anterior wall in- 
farct. Instances of small arterial occlusions were en- 
countered in the posterior aspects of the septum or 
ventricle walls in four of the seven reperfused hearts, 
but none could be related to the geographic area of 
infarction. 

Table IIB compares the nonoccluded myocardial 
blood lactate balance derangements with “remote 
area" infarction after 3 hours of occlusion of the left 
anterior descending coronary artery and 7 days of 
reperfusion. In this series of seven dogs posterior left 


ventricular wall focal infarction was present in six an- - 


(7 DAY PROXIMAL LAD OCCLUSION) *299 


LAD OCCLUSION 





A-CS| 
A 








CONTROL 1 2 3 
HOURS 


FIGURE 6. Diagram of myocardial lactate extraction in one dog 
measured by sampling blood draining the nonoccluded (NO, solid — 
line) and occluded (O, broken line) segments during a control period, — . 


during 3 hours and after 7 days of occlusion of the left anterior de- 
scending coronary artery (LAD). Abnormal lactate metabolism (less 
than 20 percent) occurred not only in the occluded, but also in the 


nonoccluded myocardium. A = arterial; CS = coronary sinus; GOV "| 


= great cardiac vein; La = lactate. 


(3 HOUR LAD OCCLUSION, 7 DAY REPERFUSION) 
2168 


OCCLUSION REPERFUSION 


A-CS 





,^ (O)La x100. 





CONTROL 1 2 3 1 HR. 
HOURS 


7 DAYS 


FIGURE 7. Diagram of myocardial lactate extraction in a dog in the E 
group with 7 days of reperfusion after 3 hours of occlusion of the left 


anterior descending coronary artery (LAD). Lactate extraction was 


measured from blood draining nonoccluded (NO, solid line) and oc- - M 


| x100 i : 


, (NO)La | AE | x100 A 
Pes E Aso NE 
A 4 


cluded (O, broken line) segments during the control period, 3 hours — 
of occlusion, 1 hour of reperfusion and on the 7th day of reperfu- — - 
sion. Abnormal lactate extraction was noted in both occluded and 
nonoccluded myocardium during the occlusion period and early stag- __ 
es of reperfusion. On the 7th day of reperfusion, lactate extraction — . 


returned toward normal level in the nonoccluded area but remained. S 


depressed in the occluded segments. Abbreviations as in Figure 6. 


imals, of which three experienced abnormal lactate 


extraction (less than 20 percent) in the nonoccluded _ 
zone and the remaining three had lactate extraction | 
of 22, 25 and 31 percent as compared with control 
values of 48, 59 and 49 percent, respectively. A histo- . 
ry of normal or abnormal lactate metabolism corre- 


lated directly with posterior left ventricular configu- 


ration in four of the seven dogs, but since lactate ex- 


traction values approached the 20 percent level in 


two other animals, this correlation may be even more © 
pronounced (six of seven dogs). Myocardial potassi- - 
um loss from the remote area correlated with findings _ 


of focal infarction in all dogs of this series. 
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FIGURE 8. Tissue glycogen content obtained from anterior (occlud- 
ed segment) and posterior (nonoccluded segment) walls of the left 
ventricle (LV) during 4 hours of coronary arterial occlusion. 


Histopathologic study of remote myocardial in- 
farcts revealed quantitative, but no basic qualitative 
difference between series A (7 days of occlusion) and 
series B (3 hours of occlusion and 7 days of reperfu- 
sion). The focal infarctions were predominantly (but 
not exclusively) subendocardial, varied widely in dis- 


_ tribution and occurred singly or in clusters in remote 
. areas of myocardium of both left and right ventricles 
- (Fig. 5). The necrotic muscle fibers within the smaller 
- infarcts were found to be replaced by young granula- 
— tive tissue (Fig. 1). The larger remote infarcts mani- 
-~ fested histiocytosis, fibroplasia, neocapillary forma- 
tion and residual necrotic muscle fibers (Fig. 3). 


. Series C: 7 day sham preparation (three dogs): 
All catheters and instrumentation were installed in 


F, three dogs and typical manipulations were performed 
- . as in series A and B except that there was no intra- 
. coronary balloon occlusion of the left anterior de- 


scending coronary artery. After 4 hours of frequent 
measurements of cardiac function, the dogs were 


~ maintained in the vivarium. Measurements were re- 


peated on the 7th day and the animals were then 
killed. 


The microscopic examination in these sham dog 


- hearts revealed no myocardial infarcts, or any signifi- 





cant deterioration of myocardial metabolic function 
as was noted in dogs with acute coronary occlusion 
with or without subsequent reperfusion (series A and 
B). No vascular lesions were noted. 

Series D: open chest preparation—serial left 
ventricle biopsies during occlusion of the left an- 
terior descending coronary artery (seven dogs) 
and in sham experiments (three dogs): Figure 8 
indicates cardiac muscle glycogen changes in a select- 
ed dog with 4 hours of coronary occlusion. At 2 hours 
of occlusion sequential cardiac biopsies of the poste- 
rior left ventricular wall (remote area) show a reduc- 
tion in glycogen content from 4+ (control) to 2+, and 
a subsequent gradual return to normal in spite of 
persisting occlusion of the left anterior descending 
coronary artery (Fig. 9). In the coronary-occluded re- 
gion (nonremote area), glycogen content was reduced 
to zero in 15 minutes. Thereafter, there was a tempo- 
rary and partial return of glycogen in this zone, but 
after 3 hours of occlusion there was again a complete 
loss of visible glycogen stores. 

In four of the seven dogs with 4 hours of coronary 
occlusion, transmural tissue biopsy specimens taken 
from the posterior left ventricle indicated a reduction 
in glycogen from 4+ (control) to 2+ (Fig. 8). Left 
ventricular posterior wall glycogen measured over an 
equivalent period in the sham-operated dogs (with- 
out coronary arterial occlusion) exhibited no signifi- 
cant fluctuations. 


Discussion 


Remote Focal Infarction and Ischemia 


Our new investigations disclosed distinct ischemic 
alterations of metabolic and mechanical function and 
focal infarction of muscle in the corresponding re- 
mote areas of myocardium. Such remote lesions were 
commonly noted after occlusion of the left anterior 
descending coronary artery for 7 days and also after 
reperfusion following 3 hours of coronary occlusion. 


FIGURE 9. Photomicrograph of myocardial bi- 
opsy specimen after 2 hours of coronary occlu- 
sion. At left, most of the fibers have lost their 
glycogen granules, whereas those on the right 
contain normal amounts of granular and cross- 
striated deposits of glycogen. Glycogen is red in 
such preparations and is not readily demon- 
strated in black and white photomicrographs. 
(Best-Carmine X800, reduced by 33 percent). 
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In six dogs with 7 days of occlusion, five showed re- 
mote infarcts in the left ventricular posterior wall, 
and of the seven dogs with reperfusion for 7 days, six 
had such focal infarcts. 

When the left anterior descending coronary artery 
was persistently occluded for 7 days the average pri- 
mary infarct (anterior left ventricular wall) was 46.4 
cm? compared with an average remote area infarct of 
2.8 cm?. In the reperfused series the corresponding 
average volume of infarction in the primary area was 
17.1 cm? compared with 1.3 cm? in the remote area. 
The largest cardiac volume of remote area infarction 
of the series with 7 days of persistent occlusion was 
8.1 cm? compared with 2.4 cm? in the group with re- 
perfusion. 

Thus, the data indicate that the average size of 
both the remote area infarct and the primary anterior 
wall infarct is substantially less in the group with 3 
hours of occlusion and 7 days of reperfusion than in 
the group with 7 days of persistent occlusion. 

A strong correlation was noted between the degree 
of such focal infarction and occurrence of abnormal 
lactate metabolism derived from the remote myocar- 
dium. Focal infarction was also noted in the right 
ventricle and the posterior interventricular septum. 
A histochemical analysis of the remote posterior 
myocardium revealed glycogen depletion in areas 
normally assumed to be uninvolved by coronary oc- 
clusion. 

The question persists: How soon after coronary oc- 
clusion do these remote focal infarcts develop? We 
noted morphologic alterations characteristic of in- 
farction in the remote posterior wall of a series of 
hearts removed after 3 hours of coronary occlusion 
(Fig. 2). Another question is whether prolonged re- 
perfusion (7 days) after 3 hours of coronary occlusion 
limits or reduces the remote zone microinfarcts. Our 
data lead to the conclusion that 7 days of reperfusion 
did not modify the quality or character of focal in- 
farction in remote areas, thus suggesting that the le- 
sions caused by the coronary occlusion could occur in 
the first 3 hours of occlusion and that some were irre- 
versible. However, the measured volume of remote 
area microinfarction was smaller in the reperfused 
series. 

To ascertain whether the remote lesions were in- 
deed induced by the coronary occlusion, a series of 
animals were fully instrumented but the coronary ar- 
teries not occluded and then studied over a period of 
7 days. No evidence of focal lesions or significantly 
deranged lactate metabolism was found in the sham 
‘experiments without occlusion. 

Glycogen depletion and ischemia: Glycogen de- 
pletion has been previously described in acutely isch- 
emic myocardium.!i-1 Our investigations indicate 
that glycogen provides a useful histochemical marker 
of ischemia. Histochemical studies of sequential bi- 
opsy specimens from an acutely ischemic myocardial 
segment revealed that glycogen stores were sharply 
depleted within 5 to 15 minutes after an acute coro- 
nary occlusion.? Limited data presented in this study 
of the remote myocardium indicate that glycogen 
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content in the nonoccluded zone was greatly reduced ~ 


within 1 to 2 hours of occlusion of the left anterior 
descending artery. By contrast, cardiac tissue biopsy 
specimens in the sham experiments revealed only 
minor, nonsignificant glycogen fluctuations. Thus, 
the glycogen depletion noted in the remote myocar- 
dium after a coronary occlusion should be considered- 
an indication that this allegedly normal tissue must 
also be involved in an ischemic process. We also 


noted a definite association of characteristic ischemic _ 
fiber degeneration and glycogen depletion, suggesting _ 


the latter could be a forerunner of irreversible dam- 
age. However, tissue glycogen depletion does not nec- 
essarily prove that the myocardial damage is irrevers- 
ible, as indicated in other experimental studies in | 


which reperfusion led to a return of stainable glyco- 


gen to near control levels.? 


Contraction force in remote zones: Our studies | 


of regional mechanical function using miniature 
strain gauges revealed that myocardial force in the 
nonoccluded myocardium in the remote area which is 
assumed to become hypercontractile actually was de- 
creased or remained unaltered in about half of the 


animals studied. Such loss of contraction of the © 


supposedly noninvolved zone might be a further indi- 


cation that localized ischemia had occurred in the re- — 


mote zone. However, it might also signify that this 
segment is contracting against an additionally com- 
pliant “occluded” zone. 


Do Regional Abnormal Lactate Measurements Indicate 
Focal Ischemia? 


The question may be raised whether regional ve- 


nous blood sampling in our closed chest intracoro- — 


nary balloon occlusion-reperfusion model really es- 
tablished an ischemic metabolic process in the 
nonoccluded segment, or whether the measurements 
are primarily due to mixing of blood from the isch- 


emic zone into the blood draining the remote seg- — 
ment. Our model temporarily separates the coronary — 


venous drainage compartments by brief balloon oc- 
clusion of the great cardiac vein while blood samples 
are being withdrawn. As a result of the occlusion of 


the left anterior descending coronary artery, the flow — 


and intravascular pressures within the occluded zone 
decrease and there may actually be a tendency for 


normal arterial blood from the nonoccluded region to — 


flow into and dilute the samples from the occluded 


zone. It is more difficult to envision substantial re- 
versed mixing. Our measurements indicate a signifi- — 
cant difference between the occluded and nonocclud- : 


ed zone samples, indicating a meaningful separation 
of coronary venous samples from the occluded and 


nonoccluded zones.9? The correlation of focal remote — 


infarction with metabolic dysfunction presented in 


this study constitutes strong evidence that metabolic 


derangements often supervened in the nonoccluded 
zone after acute coronary occlusion. This correlation. 
also suggests that ischemic derangements established 
through localized blood sampling are meaningful and 
significant. 
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. Causes of Remote Myocardial Ischemia 
; The microinfarcts can be considered permanent 
. markers indicating that an ischemic process had 
- taken place. The origin of the remote myocardial 
3 ischemic lesions remains to be elucidated. The lesions 
. might result from multiple interrelated factors that 
ultimately affect the balance between myocardial 
oxygen supply and demand. The likely factors af- 
. fecting the remote myocardium include: (1) catechol- 
amine effects, (2) catecholamine-induced platelet 
aggregation, (3) hypercontraction, (4) alterations in 
- left ventricular afterload and preload, (5) postocclu- 
sion dysrhythmias, (6) coronary angiospasm, (7) 
-. thrombotic or embolic coronary arterial lesions, (8) 
— generalized myocardial edema, and (9) severe hypo- 
tension and shock. 
Catecholamine effects: The injurious effects of 
— catecholamines on cardiac muscle and their similari- 
= ty to myocardial ischemic injury have long been 
- known.!®!8 These effects include intramyocardial 
. hemorrhages, edema, patchy areas of myofibrillar 
K famagp, round cell infiltration and proliferation of fi- 
— brous tissue in the heart. The focal infarcts that are 
E observed in the remote myocardium after coronary 
^ occlusion resemble catecholamine-induced myocar- 
. dial lesions. 
It is generally known that acute coronary occlusion 
— is followed by a sympathetic autonomic system re- 
ee sponse, reflected in part by an increased release of 
x epinephrine and norepinephrine into the blood- 
-. stream.!® This increased plasma level of norepi- 
y nephrine is associated with a rise in heart rate and in- 
. creased inotropism, which tends to maintain cardiac 
- output despite decreased left ventricular stroke vol- 
ume. The sympathetic response also causes a redis- 
tribution of blood flow and increased systemic vascu- 
— lar resistance.?! The latter maintains blood pressure, 
— but augments left ventricular afterload and increases 
-~ myocardial wall stress, which in turn may tend to re- 
.. duce myocardial perfusion, particularly in the suben- 
- .docardial portions of the cardiac wall. Coupled with 
the added effects of catecholamines on platelet 
. aggregation,?? such mechanisms may be responsible 
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- for a disproportion between oxygen supply and de- 
D mand in the nonoccluded zone that, if prolonged, 
_ would lead to the observed microinfarction. The cate- 
-. cholamine hypothesis for remote myocardial microin- 
-.. farction may find support in the description of focal 
S sor Va observed after catecholamine infusion!”:2!-24 
__andlin patients with pheochromocytoma.”° 

se Platelet aggregation due to catecholamines: 


Several investigations?9?5 have indicated that stress- 
Se induced secretion of endogenous catecholamines 
a leads to platelet aggregation, which may cause 
pt _ thrombosis i in the coronary microcirculation. This re- 
: quires further study. 

A. . Hypercontraction: Several reports have suggest- 
ed that compensatory regional hypercontraction oc- 
. curs in the nonischemic segment of the heart after 
acute coronary occlusion.2?-?! This increased me- 
. chanical activity has been ascribed to a postocclusion 
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augmented sympathetic tone. Conversely, there are 
reports in which mechanical function in the nonoc- 
cluded zone was decreased after an acute coronary 
occlusion, presumably as a result of ischemia of the 
remote myocardium or contraction of the normal tis- 
sue against an additionally compliant ischemic seg- 
ment.?? We have recently developed a series of min- 
iaturized myocardial gauges for localized measure- 
ment of left ventricular wall force, thickness and seg- 
mental length.!? Our regional mechanical measure- 
ments during short occlusions of the proximal left an- 
terior descending artery indicated that, in the pres- 
ence of a large, reversibly injured dyskinetic ischemic 
segment, the nonoccluded zone responds with hyper- 
contraction in about 50 percent of cases, whereas 
there is hypocontraction or little change from normal 
contraction in the remaining instances. Hypocontrac- 
tion might be attributed to ischemia in the remote 
myocardium. The finding of microinfarcts in the re- 
mote posterior right ventricle, which does not gener- 
ate major muscle tension, suggests that hypercon- 
traction and increased muscle tension are not the sole 
causes for the remote ischemic lesions. 

Alterations in left ventricular afterload and 
preload: Our data on hemodynamic measurements 
frequently indicated a slight increase in left ventricu- 
lar end-diastolic pressure and also in systemic vascu- 
lar resistance after acute coronary occlusion. A signif- 
icant increase in resistance and left ventricular end- 
diastolic pressure is associated with increased ven- 
tricular wall stress and hence higher myocardial oxy- 
gen demands. However, there was no correlation be- 
tween left ventricular end-diastolic pressure and the 
occurrence of remote zone microinfarctions. Al- 
though increased systemic vascular resistance helps 
to maintain systemic blood pressure, it represents an 
elevated left ventricular afterload. Of the six animals 
in series A (7 days of occlusion), systemic vascular re- 
sistance increased substantially in four, decreased in 
one, and in the remaining dog increased temporarily 
and then decreased. Of the four dogs with elevated 
resistance, three exhibited remote myocardial wall 
infarction; focal infarction was also noted in the dog 
in which resistance increased only temporarily. There 
was no microinfarction in the one dog in which sys- 
temic vascular resistance dropped after coronary oc- 
clusion. It is possible that elevated systemic vascular 
resistance increased oxygen demands considerably 
and contributed in part to the infarction of the 
nonoccluded segment. 

Postocclusion or postreperfusion dysrhyth- 
mias: We attempted to correlate arrhythmias that 
supervened after coronary occlusion or after reperfu- 
sion with the occurrence of focal remote necrotic le- 
sions, but the association could not be significantly 
related. 

Coronary angiospasm: It has been postulated 
that an angiospasm of a coronary artery can be in- 
duced by an organic arterial lesion, cannulation dur- 
ing arteriography or other mechanical stimuli and 
pharmacologic influences.??-36 Regardless of its pre- 
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cise origin, coronary angiospasm may contribute to 
relative reduction in coronary flow in the nonocclud- 
ed zone, which may already exhibit increased oxygen 
demands due to hypercontraction. 

Thrombotic or embolic coronary arterial le- 
sions: In this study, instances of occlusive arterial le- 
sions were encountered in the remote and nonremote 
areas of the heart. Such small arterial and venous 
thromboses were more prevalent in the series with 7 
days of reperfusion than in the series with 7 days of 
occlusion. However, we could associate arterial ob- 
structive lesions with the location of the infarcted re- 
mote myocardium in only one dog in the latter group 
and none in the former group. 

Generalized myocardial edema: We have con- 
firmed recent observations indicating that substan- 
tial cardiac wall edema supervenes in both the oc- 
cluded and nonoccluded myocardium after coronary 
occlusion and reperfusion (Fig. 2).7^985 Such edema 
might increase intramyocardial stress and extravas- 
cular forces, causing mechanical obstruction of coro- 
nary reperfusion which, if prolonged, would contrib- 
ute to ischemia of the remote myocardium. 

Severe hypotension and shock: It has been re- 
ported that significant systemic hypotension caused 
by hemorrhagic or cardiogenic shock may result in 
subendocardial infarction in various segments of the 
cardiac wall.?9 This would be expected whenever the 
blood pressure and coronary perfusion are decreased 
without commensurate reduction in myocardial oxy- 
gen demands. We have previously noted patchy in- 
farction in the nonoccluded zone when severe hypo- 
tension and cardiogenic shock followed left anterior 
descending coronary arterial occlusion and reperfu- 
sion. However, in that series we could not resolve 
whether the observed infarcts were caused by the 
coronary occlusion and reperfusion as such. In this 
study hypotension did not supervene in any animal, 
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'thus indicating that such microinfarction of the re- — 


mote myocardium was not due to decreased systemic 
pressure. ; 
Implications of Study 


Our new data indicate that a correlation exists be- 
tween focal infarction and deranged lactate metabo- 
lism in the nonoccluded remote area of myocardium 
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after occlusion or reperfusion of the proximal left an- b | 


terior descending coronary artery. This correlation, - 


coupled with myocardial glycogen depletion noted in 
the supposedly noninvolved segments, serves to val- 
idate our prior observations of abnormal remote re- 


gional metabolism and morphology. It suggests that . 
ischemia of remote areas should be recognized clini- . 


cally by means of regional metabolic measurements. 


One might anticipate the largest remote infarction — 
to be associated with the maximal primary infarct, — 
but our data revealed no such correlation and remote : 
microinfarcts were also found with small primary in- — 


farcts. 


Although the mechanisms and significance of isch- — 
emic events in the remote area remain to be elucidat- _ 
ed, our observations of deranged myocardial mechan- . 
ical and metabolic function and morphology consti- — 
tute important evidence that the assumed "unin- — 


volved” myocardium may also become ischemic. Be- 


cause sustained remote ischemia may lead to serious 
complications, such as cardiogenic shock or pump 
failure, monitoring and management of the jeopar- 
dized remote myocardium might be as important to 
the overall management as treatment of the primary 
ischemic zone. 
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The purpose of this study was (1) to establish the maximal interval be- 
tween the onset of ischemia and reperfusion that would permit a de- 


crease in the size of infarction, and (2) to evaluate the relation be- — 
tween changes in infarct size and preservation of cardiac function. - 


Studies were carried out in 19 dogs of which 13 had temporary (1 to 3 


hours) occlusion of the left anterior descending coronary artery. The 


hospital course of 15 patients of whom 13 underwent myocardial re- 


vascularization within 8 hours of acute infarction was also reviewed. /n 


dogs, the eventual pathologic infarct size was significantly reduced if 


reperfusion was performed within 2 hours of ischemia. After 2 hours of — 


ischemia, the revascularized segment remained dyskinetic on angio- 
graphic assessment and cardiac function was depressed. After 3 hours 
of ischemia, in spite of a patent coronary artery, the extent of infarct 
and dykinesia was greater than during ligation of the left anterior de- 
scending coronary artery. In patients, small infarcts developed with re- 
vascularization performed more than 4 hours after infarction but with 
revascularization of the left anterior descending coronary artery the 
size of the dyskinetic area (as assessed with angiography) was similar 
to that in patients with a closed graft to the left anterior descending 
coronary artery but with a patent graft to its diagonal branch. In all pa- 
tients after revascularization the extent of the left ventricular dyskinet- 
ic area was smaller and cardiac function was significantly better than 
in patients who did not receive revascularization for complete occlu- 
sion of the left anterior descending coronary artery. In spite of suc- 
cessful revascularization, electrocardiographic evidence of transmural 


infarction persisted postoperatively. It is concluded that reperfusion of 


an area of myocardium that has been ischemic for less than 2 hours in 
dogs or less than 4 hours in man may lead to a significant reduction in 


the extent of infarction as well as improvement in cardiac function. - 
However, the revascularized area remains angiographically dyskinetic — 


and electrocardiographically abnormal. 


Previous experimental studies'? and recent clinical reports? indicate — 
that reperfusion of an area of myocardium after a few hours of isch- — 
emia can result in a significant reduction of the eventual size of in- — 
farct. The purpose of our research was to answer some important - 
questions regarding the surgical treatment of acute myocardial isch- X 


emia and infarction by direct myocardial revascularization (reperfu- 


sion). First, we attempted to establish the maximal interval from - 


ischemia to reperfusion that would permit clinically and angiographi- 


cally successful revascularization with reduction in the size of infarct. - 
Second, we attempted to evaluate the relation between the extent of © 


D la b 2 " 


cardiac muscle preserved and cardiac function. The studies were per- | 
formed simultaneously in a group of dogs and in a group of patients © 


who underwent myocardial revascularization after acute infarction. — 


Brief reports on the results of this work have been periodically 
published elsewhere. 
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| Methods 
Experimental Studies 


Studies were performed in 19 mongrel dogs of both sexes 
krache 23 to 25 kg. Preoperatively a control electrocar- 
-diogram, left ventriculograms and selective left coronary 
arteriograms were obtained. Cardiac catheterization was 
performed 3 to 4 days before surgical occlusion of the left 
anterior descending coronary artery followed by reperfu- 
sion of the vessel or by direct revascularization with the use 
of left internal mammary-coronary artery anastomosis. 

Cardiac catheterization studies: These investigations 
. were carried out under mild anesthesia with intravenously 
P Aaina pentobarbital sodium (10 mg/kg body 


weight). With the dogs in the right anterior oblique posi- 


tion, a groin cut-down procedure was performed and a no. 
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FIGURE 1. Case 6, Group Il. Serial 12 lead 
electrocardiograms from a patient who was ad- 
mitted with evidence of subendocardial isch- ` 
emia (A). After 3 days of therapy, chest pain 
continued with persistent electrocardiographic 
changes (B). Diagnostic cardiac catheterization 
studies were performed at this time and within 3 
hours there was acute S-T segment elevation in 
the precordial leads (C) concomitant with 
marked serum enzyme elevation. The patient 
was operated on within 6 hours and underwent 
myocardial revascularization within 8 hours of 
development of chest pain, sweating and hypo- 
tension. The postoperative electrocardiogram 
revealed evolution of anterior wall myocardial 
infarction (D) in spite of a patent anterior de- 
scending coronary graft (see Fig. D. (Reprinted 
by permission from Bolooki et al.'3) 
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FIGURE 2. Case 9, Group Ill. Serial 12 lead electro- 
cardiograms from a patient admitted with the diagnosis 
of preinfarction angina (A). In the course of 24 hours, 
the chest pain increased in frequency and severity in 
spite of extensive treatment. There was electrocardio- 
graphic evidence of subendocardial ischemia (B). The 
patient underwent emergency cardiac catheterization 
studies but within 2 hours presented with hypotension 
and sweating with electrocardiographic evidence of 
extensive anterior wall myocardial infarction (C) and 
serum enzyme elevation. He was operated upon im- 
mediately and received a bypass graft to the left ante- 
rior descending coronary artery within 4 hours of the 
onset of chest pain and electrocardiographic evidence 
of infarction. Postoperatively he remained in a low out- 
put state and required vasopressor therapy. An elec- 
trocardiogram taken 5 days postoperatively revealed 
further evolution of the anterior wall infarction (D). 


7F Cordis catheter was threaded into the left ventricular 
cavity. A left ventriculogram was then obtained with hand 
injection of 20 cc of 90 percent Hypaque®. The left ventric- 
ulograms were recorded with Phillips equipment on 35 mm 
cine films at a rate of 60 frames/sec. Selective coronary ar- 
teriograms were obtained with use of a Cordis left coronary 
arterial catheter. By hand injection of 5 to 10 ml of 90 per- 
cent Hypaque into the coronary artery, the patency of this 
vessel and the extent of its collateralization and runoff 
were assessed. 

Postoperative cardiac catheterization studies (ventricu- 
lography and left coronary and internal mammary artery . 
arteriography) were performed 1 week after the operation 
using methods similar to those of the preoperative studies. 
In six dogs serial angiographic studies 2, 4 and 7 days 
postoperatively were performed to study the changes in left 
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ventricular contraction pattern and to assess patency of the 
‘left anterior descending coronary artery or internal mam- 
mary artery graft. 
_ Surgical procedure: Surgery was carried out under 
_ pentobarbital sodium anesthesia (25 mg/kg) with the dogs 
intubated, connected to a Bird respirator and breathing an 
oxygen-air mixture. The dogs were placed in the right lat- 
eral decubitus position and prepared and draped in a ster- 
ile manner. The groin was dissected, and the femoral vein 
and artery were exposed. The vein was used for intravenous 
infusion, and the artery for intraventricular pressure moni- 
toring by a transducer tip catheter (Edwards). A left thora- 
cotomy was then made at the fourth intercostal space and 
the precordium was opened vertically to develop a cradle. 
The heart was examined, and communications between the 
left anterior descending coronary artery and the posterior 
branches were ligated. In 10 dogs, the left anterior descend- 
ing coronary artery was ligated above the level of its first 
diagonal branch, and the left internal mammary artery, 
dissected free from the anterior chest wall, was used to an- 
astomose to the left anterior descending coronary artery. In 
the remaining dogs the left anterior descending coronary 
artery was temporarily occluded (six dogs) or ligated (three 
dogs). 

At a desired interval (ranging between 1 and 4 hours), 
the occlusion of the coronary artery or of the internal mam- 
mary artery graft was released. The revascularization pro- 
cedure was performed without use of cardiopulmonary by- 
pass but every dog received 10 to 15 cc/kg of low molecular 
weight dextran (Rheomacrodex®). 


Patient Material 


The subjects studied were 13 men and 2 women aged 42 
to 64 years who were treated in the early stages of acute 
myocardial infarction. They were selected from among 20 
such patients because of the location of a coronary lesion 
high in the left anterior descending coronary artery and be- 
cause of availability of pre- and postoperative cardiac cath- 
eterization data. Thirteen of these 15 patients underwent 
myocardial revascularization. Two others did not consent 
to surgery but were included in this study as control 
subjects. Three of the 15 patients had acute infarction after 
cardiac catheterization for unstable angina pectoris. Two 
patients were admitted to the hospital early after an acute 
infarction. Seven patients experienced acute myocardial in- 
farction just before scheduled coronary bypass surgery and 
three had an infarction in the course of administration of 
anesthesia for such surgery. 

All patients had more than 80 percent obstructive lesions 
of the left anterior descending coronary artery at a site 
proximal to its first diagonal branch. One patient had a 
main left coronary lesion and two others had lesions in the 
right coronary artery as well. Complete preoperative hemo- 
dynamic data including cardiac catheterization studies 
were available in these patients. In the 13 patients who un- 
derwent myocardial revascularization, the interval between 
infarction and surgery ranged from 2 to 8 hours, but in each 
case, there was electrocardiographic evidence of acute 
transmural infarction of the anterior wall (Fig. 1 and 2). 
Electrocardiographic studies were repeated after the opera- 
tion and for 3 consecutive days postoperatively. In addi- 
tion, serum enzyme studies (creatine phosphokinase 
[CPK], hydroxybutyric dehydrogenase [HBD], lactic dehy- 
drogenase [LDH] and glutamic oxaloacetic transaminase 
[GOT]) were performed in all patients before revasculariza- 
tion and were repeated on the day of operation and for 3 
consecutive postoperative days.® All 11 patients surviving 
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TABLE | 
Clinical Data in Four Groups of Patients 
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Case no. Age (yr) &Sex no. of Grafts/Grafts Open 
Group I* M. 
it 42M 2/LAD Seal 
2 47M 1/LAD ant 
3 42M 2/LAD B 
4 56M 2/LAD-RCA E 
Group II* M 
5 46M 1/LAD i 
6 52M 1/LAD “ag 
7 26F 1/LAD s 
8 38F 2/LAD-RCA K 
Group III* cA 
9 44M 2/Diag Es 
10 39F 2/Diag F 
11 62M 2/Diag d 
Group IV* 3 
121* 48M oy aa 
13t 56M 3/None E. 
14T 47M 2/None 5 A 
15+ 39M A Em 
* See text for composition of each group. OPEN i 


ha 


t Patient receiving circulatory assistance. 

+ Patient did not consent to operation. TOL 

Diag = diagonal branch of the left anterior descending . 
coronary artery; LAD = left anterior descending coronary . 
artery; RCA = right coronary artery. AR 
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the revascularization procedure underwent cardiac cathe- — 
terization studies at various intervals (4 weeks to 6 months) 
after the operation. Two patients each had two additional 
studies at 2 and 3 1/2 years after the operation. E 

Myocardial revascularization was performed under total — 
cardiopulmonary bypass and mild to moderate hypother- . 
mia (32° to 28° C). The maximal period of total cardiac _ 
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tients had two coronary grafts, one to the left anterior de- l^ 
scending coronary artery. One patient had triple grafts, to — 
the left anterior descending and circumflex coronary arte- - 
ries and to a large diagonal branch. M 
Interval between infarction and revascularization: — 
Depending upon the length of time from infarction to sur- — 
gical revascularization and patency of the graft to the left i 
anterior descending coronary artery, the 15 patients in the © 
study were classified into four groups (Table I). Group I ~ 
comprised four patients who were operated upon within 4 — 
hours from the time of chest pain and electrocardiographic - 
evidence of anterior wall infarction. Group II comprised . 
four patients who were operated upon within 8 hours of . 
myocardial infarction. Cardiac catheterization in this group 5 
was performed just before or during the course of infarc- . 
tion. Group III (three patients) underwent revasculariza- . 
tion within 8 hours of infarction but were found to have oc- — 
clusion of both the left anterior descending coronary artery — 
and the graft to this vessel postoperatively. All three pa- 3 
4 
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ao ot er 
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tients had a patent vein graft to the diagonal branch of the © 
left anterior descending coronary artery. The preoperative 
cardiac catheterization studies in this group were per- 
formed before the episode of infarction. Group IV com- . 
prised four patients who were seen within 8 hours after 
acute anterior wall myocardial infarction; two of them re- - 
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. Evaluation of Left Ventricular Performance 


fused surgery and two others did not survive the operation. 


. Hemodynamic studies in these patients were performed 


while they were undergoing diastolic augmentation with a 
. balloon pump (Datascope). 


The left ventricular silhouette in systole and diastole in 
the right anterior oblique view was drawn and, with the 
projection factor calculated from the projected size of the 


. catheter used for dye injection and its actual size, the left 


ventricular end-diastolic and end-systolic volumes were 
calculated. The area-length method of Dodge et al.,? was 


. modified to the multiradii method and was used for this 


» purpose by assuming the left ventricular cavity, for each bi- 


. Section of the longitudinal axis, as an ellipsoid: 


V = 74/3 L/2(M/2)?F 


= where L is the longitudinal axis of the inner left ventricular 
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silhouette from midaortic valve area to the bisected mid- 
wall radius in the right anterior oblique view, M is the short 


. axis of the left ventricle obtained from quadrisection of L 
— by perpendicular lines, and F is the projection factor. Usu- 
-= ally the longitudinal axis L was divided in half and again 
- bisected to obtain two mid-wall sections of inner left ven- - 
_ tricular chamber for data calculation. 


In patients, the left ventricular volumes calculated from 


_ the right anterior oblique view were corrected for biplane 
-~ eineangiography by using the formula: 


V" 2.0.95 V-3 


_ where V’ is the (biplane) volume of the left ventricle and V 


is the calculated volume from the right anterior oblique 
_ view.!? Ejection fraction was calculated by subtracting the 


. end-systolic volume from the end-diastolic volume and di- 


. viding the remainder by the end-diastolic volume. 


Pressure data were calculated directly from the curves 
obtained by the transducer tip catheter (Millar, Houston). 
_ To obtain an index of left ventricular diastolic compliance 


^ 


.. (C), the method of Smith et al.!! was utilized using the for- 
. mula: 


C = AV/ESV/Ap 


— where AV is the stroke volume output from left ventricular 


angiograms, ESV = end-systolic volume and Ap is the 
change in diastolic pressure from end-systole to end-dias- 
tole. Cardiac output was measured by the Fick principle. 


_ The stroke work index (SWI) in g-m/m per m? was calcu- 
— lated from the formula: 


_ (mBP — mRA) SI x 1336 


SWI 100 


- where mBP and mRA are, respectively, the mean aortic 


and right atrial pressures in mm Hg, and SI is the stroke 


_ index in liters/min per m?. 


A Evaluation of Infarct Size 


In experimental studies: The dogs were killed after 


_ postoperative cardiac catheterization studies (7 to 10 days 
. after the operation). The heart was then removed and pa- 


tency of the left internal mammary coronary-artery anasto- 
mosis and the left anterior descending coronary artery was 
confirmed. The left ventricle including the septum was 


_ then dissected free from the right ventricular muscle, aorta 


and left atrium. The left ventricle was weighed and the 
area of infarct as seen grossly was excised by sharp dissec- 
tion. The infarcted area was weighed and the percent in- 
farct size in relation to left ventricular mass was obtained. 
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Microscopic sections from the edges of the infarct and the 
adjacent left ventricular wall were obtained to assess the 
extent of inclusion of areas of healthy muscle within the in- 
farcted segment and vice versa. With careful exclusion of 
the areas of healthy muscle from the infarcted area in pre- 
vious studies we have been able to obtain a fairly accurate 
determination of the size of the area of infarct.!? 

In patients and in dogs: The extent of the border of the 
left ventricle that did not contract was calculated as de- 
scribed by Smith et al.!! from the left ventricular silhouette 
in diastole and in systole in the right anterior oblique view. 
The extent of dyskinetic or akinetic left ventricular border 
was expressed as percent of the left ventricular silhouette 
in diastole. In four patients who died, the extent of infarct 
was assessed at autopsy by methods similar to those used 
in the experimental studies. 


Results 
Experimental Results 


The period of ischemia for the 19 dogs ranged from 
1 to 4 hours. Three dogs were found to have occlusion 
of an internal mammary artery graft and the left an- 
terior descending coronary artery; these served as 
control dogs together with three other dogs with liga- 
tion of the left anterior descending coronary artery 
(Group IV). Of the remaining 13 dogs, 6 had 1 hour of 
ischemia before restoration of blood flow (Group I), 3 
had 2 hours of ischemia (Group II) and 4 had 3 to 4 
hours of ischemia (Group III). 

Hemodynamic changes: Comparison was made of 
changes in left ventricular end-diastolic volume, end- 
systolic volume and ejection fraction before and after 
reperfusion (Table II). The data indicated a signifi- 
cantly depressed left ventricular performance post- 
operatively in dogs of Groups II, III and IV. There 
was no significant hemodynamic change in dogs with 
1 hour of ischemia (Group I). At the time of postop- 
erative studies (7 to 10 days after infarction) in dogs 
with reperfusion after 2 hours of ischemia (Group II) 
the end-diastolic volume had increased and ejection 
fraction had decreased significantly (P «0.05). As 
compared with dogs in Group IV, dogs in Group III 
had larger end-diastolic and end-systolic volumes (P 
<0.05) but there was no significant difference in ejec- 
tion fraction between the two groups (Table III). The 
average size of infarct on pathologic study and the 
extent of dyskinetic area determined angiographical- 
ly correlated well in dogs in Group IV only. In dogs in 
Groups I, II and III with revascularization after 1;42 
and 3 hours, respectively, the angiographic dyskinetic 
area was significantly larger than the pathologic in- 
farct size. 

Size of myocardial infarct: Pathologic studies 
showed that in dogs in Group I the size of the myo- 
cardial infarct 1 week to 10 days after the insult was 
nil except in one dog in which the infarct was 8 per- 
cent of left ventricular mass (Table II). In dogs with 2 
hours of ischemia (Group II) infarct size was 11.8 + 
4.1 percent (standard error). In dogs with 3 hours of 
ischemia the infarct size ranged between 29 and 32 
percent (mean of 31 + 0.7 percent). Dogs in Group IV 
(three dogs with ligation of the left anterior descend- 
ing coronary artery and three with an occluded inter- 
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%EF 


TABLE II 
Experimental Data in Four Groups of Dogs 
EDV (ml) ESV (ml) 
Dog 1 2 1 2 1 
Group |: Dogs with 1 Hour of LAD Coronary Occlusion 
1 45 40 30 16 32 
2 45 33 20 19 55 
3 14 31 9 18 37 
4 89 75 57 54 35 
5 28 24 10 15 63 
6 41 35 17 19 58 
Mean 44 40 24 23 46 
+SE 10 7 { 6 5 
P value <0.20 <0.20 


Group II: Dogs with 2 Hours of LAD Coronary Occlusion 


7 47 42 
8 36 17 
9 18 63 


Mean 
+SE 
P value 


10 51 85 
11 44 40 
12 44 42 
13 47 69 
Mean 48 53 
+SE 3 10 
P value <0.20 
14 27 32 
15 16 48 
16 24 22 
17 22 34 
18 36 42 
19 31 45 
Mean 26 37 
+SE 2 3.9 


<0.05 


18 


<0.10 


<0.20 


<0.05 


<0.01 


17 70 66 
12 22 71 
16 33 63 
26 54 43 
18 45 61 

2 21 a 

<0.05 
Group IV: Dogs with LAD Ligation or Closed Grafts 

12 23 55 

6 20 63 
17 16 27 
12 29 47 
20 36 42 
17 19 44 
14 24 46 

2 3 5 


<0.02 


<0.01 


2 %Infarct* — 96 Dyskinesiat 
58 0 0 
42 0 0 
41 0 16 
27 8 26 
37 0 7 
44 0 0 
41 2.8 12 
4 2.8 5 


46 12 47 
45 19 36 
19 4.5 18 
36.7 11.8 33.7 


19 29 47 
43 3l 34 
20 32 36 
22 32 50 
26 31 40 
5 0.7 4 
28 26 25 
58 31 30 
25 33 30 
14 18 30 
15 32 30 
25 23 27 
27 27 29 
6 2 l 


* Gross pathologic size of infarct in relation to left ventricular mass as measured at autopsy. 


t Extent of left ventricular wall dyskinesia over the diastolic chamber silhouette. ; 
1 = preoperative and 2 = postoperative angiographic data; EDV = end-diastolic volume; EF = ejection fraction; ESV = end- 


systolic volume; LAD = left anterior descending coronary artery; P = probability value in relation to pre- and postoperative ^j 


angiographic data; SE = standard error. 


ESV 


0.060 
« 0.20 


0.192 
« 0.20 


1.907 


TABLE III 
Experimental Studies: Statistical Analysis of Postoperative Data 
Groups Compared EDV 
| with IV (df = 10) 
t score 0.274 
P value « 0.20 
II with IV (df = 7) 
t score 0.252 
P value « 0.20 
III with IV (df = 8) 
t score 1.889 
P value « 0.05 


« 0.05 


% EF 


1.833 


« 0.05 


0.833 


« 0.20 


0.01 


76 


96 Dyskinesia % Infarct 
9.366 4.549 
« 0.001 « 0.001 
0.588 3.173 
«0.20 « 0.01 
3.24 1] 523 
«0.01 « 0.10 


df = degrees of freedom for t tests, indicating number of observations minus 1; other abbreviations as in Table Il. 
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p nal mammary artery graft) had a mean infarct size of 
_ 27 + 2 percent of the weight of the left ventricle 
-Pathologic studies also revealed that 7 to 10 days 
` after infarction in dogs in Groups I and II the infarct 
_ involved only the inner third of the left ventricular 
_ wall and superficial left ventricular fibers were pre- 


| served (Fig. 3). In dogs with 3 hours of ischemia, the 


- infarct was transmural and usually included the in- 


X! 









E 'terventricular septum. However, in dogs in Groups II 
ed 3) and III, the anterior left ventricular wall was 
_dyskinetic in spite of patency of the internal mam- 
 mary-coronary artery anastomosis or of the left ante- 
_ rior descending coronary artery proper. As compared 
E with dogs having reperfusion after 3 hours of isch- 
— emia (Group III with an infarct size of 31 + 0.7 per- 
_ cent), dogs in Group IV had smaller infarcts (27 + 2 
percent) although this difference was not statistically 
” significant (Tables II and III). However, there was a 
. significant difference (P <0.01) between the patho- 


- logic size of the infarct in dogs in Groups I and II 













— compared with that in dogs in Group IV, whereas the 
- extent of left ventricular dyskinesia differed signifi- 
— cantly only in dogs in Groups I and IV (Table III). In 
- comparison with dogs in Group IV, those in Group 
-HI had a larger dyskinetic area (40 + 4 percent vs. 29 
- + 1 percent, P «0.01). 

T _ Serial angiographic studies on days 2, 4 and 7 
. after revascularization in four dogs in Group III and 
_ in two dogs in Group II failed to show any changes in 
-. the extent of left ventricular dyskinesia or in cardiac 


$e 


Ma , Pa o 
r ? ` ‘ > Fee 
- e " 
‘ 1 z” 4 
E J 14 
e. 
' e 
j 4 





7 VOUTEMI CERO RENETURU RR S OE TEPERTEENETORIQS 
i Vee Ct ASA ee TÉ "ant S er es NORD C uni. ds. oce 
e , ^ SUED i Phe a^ ' rr. 





"OM » 5 


FIGURE 3. Dog 7. Comparison of the preoperative 
(top) left ventricular angiogram and postinfarction 
(bottom) left ventriculogram in a dog after 2 hours of 
coronary ischemia. The internal mammary artery (IMA) 
graft to the left anterior descending coronary artery 
(LAD) is patent, but the anterior wall of the left ventri- 
cle is dyskinetic. Microscopic view of a section of the 
anterior wall of left ventricle of this dog is shown 
below. (Hematoxylin-eosin X5, reduced by 10 per- 
cent.) 


function (data not shown) from findings in the initial 
postoperative studies on day 2. 


Clinical Results 


Thirteen patients survived the operative procedure 
in the course of acute myocardial infarction. Postop- 
eratively, three of these patients had severe cardiac 
pump failure and cardiogenic shock requiring vaso- 
pressor therapy (two patients) or intraaortic balloon 
counterpulsation for 48 hours (one patient). 

The classification of the patients into four groups 
was based on the success of the revascularization pro- 
cedure and the interval between operation and acute 
myocardial infarction as assessed by electrocardio- 
graphic and serum enzyme findings evaluated after 
the fact. Myocardial revascularization was considered 
successful if there was a patent vein graft to the left 
anterior descending coronary artery (Groups I and 
II). The zero time for development of infarction was 
the onset of chest pain that lasted for more than 30 
minutes and that during its course was accompanied 
by evidence of infarction (serum enzyme changes and 
S-T segment elevation in the electrocardiogram). The 
duration of ischemia was from time zero to the time 
of completion of the vein graft anastomosis to the 
aorta and the left anterior descending coronary ar- 
tery. 

The four patients in Group IV died, the two not 
operated on within 3 to 5 days after acute myocardial 
infarction and the remaining two at surgery when 


-. they could not be weaned from cardiopulmonary by- 
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FIGURE 4. Case 12, Group IV. Top, left ventricular angiograms in 
diastole and systole in a patient with total acute occlusion of the left 
anterior descending coronary artery (LAD). The right coronary artery 
(RC) and the circumflex artery (C) with its acute marginal branch 
(AM) were patent. Bottom, coronary arteriograms in the right anteri- 
or oblique (R.A.O.) and left anterior oblique (L.A.O.) views. Cardiac 
catheterization studies in this patient were performed during in- 
traaortic balloon assistance. Although the patient was studied within 
8 hours of acute myocardial infarction, he refused surgical interven- 
tion and died 2 days later. 


pass. At autopsy these patients had 61 + 5 percent of 
the left ventricular mass involved in the process of 
infarction. A left ventricular angiogram from one of 
these patients (Case 12) is shown in Figure 4 and the 
pathologic photograph of myocardial infarction in 
this heart is shown in Figure 5. 

The four patients in Group I received seven coro- 
nary bypass grafts, of which five were patent (Table 
D. The four patients in Group II had five coronary 
grafts, all of which were patent. Patients in Group III 
received six coronary grafts, of which only three were 
patent. Thus, the total number of grafts in these 
three groups of patients was 18 and the total number 
of patent grafts was 13, giving an overall patency rate 
of 72 percent. One patient in Group IV received tri- 
ple coronary grafts and one a double coronary graft 
with myocardial infarctectomy. In both of these pa- 
tients the coronary bypass grafts were technically 
feasible and at the time of autopsy the graft anasto- 
moses with the coronary artery were patent. There 
was an overall operative mortality rate of 15 percent 
(2 of 13 patients). 

Hemodynamic changes: Table IV presents the 
hemodynamic data for all patients. In Group I (myo- 
cardial revascularization within 4 hours of infarc- 
tion), there was no significant change in most index- 
es. There was, however, a slight improvement in car- 
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FIGURE 5. Case 12, Group IV. The gross pathologic extent of the | 


acute myocardial infarct in the patient whose left ventricular angio- 
grams are shown in Figure 4. The infarct involved 70 percent of the 
circumference of the left ventricle. The infarcted area (between ar- 
rows) is seen to have gelatinous degeneration and intracavitary 
clot formation (C). The left ventricular septum (S) and the right 
and left ventricular cavities are shown in a cross section from the 
middle of the infarcted area. 


diac index and ejection fraction and a decrease in left 
ventricular end-diastolic pressure. In Group II (pa- 
tients undergoing myocardial revascularization 4 to 8 
hours after infarction with a patent graft to the left 
anterior descending coronary artery), there was no 
significant change in most indexes of cardiac func- 
tion, but end-diastolic volume increased significantly 
postoperatively (P <0.05). In Group III (patients 
undergoing myocardial revascularization within 4 
hours of infarction but with occlusion of the left ante- 
rior descending coronary artery and its graft and pa- 
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tency of a diagonal branch graft, there was a signifi- — 


cant increase in left ventricular end-diastolic pres- 
sure (from 9 + 0.8 [standard error] to 19 2 mm Hg, 
P «0.05). The preoperative cardiac catheterization 


data in this group of patients (Group III) were ob- - 


tained before development of acute myocardial in- 
farction since in all the infarct occurred just before 


scheduled elective coronary surgery. Group IV pa- j 


tients served as control subjects in order to evaluate 


the extent of left ventricular dysfunction and myo- . 
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~ cardial infarction after complete occlusion of the an- volving 45 + 6 percent (standard error) of the diastol- 
~~ terior descending coronary artery. The preoperative ic silhouette of the left ventricle. This extent of dys- 
P6 cardiac catheterization studies in these patients indi- kinesia was greater than in all other patients (P 
_ cated a marked depression of left ventricular func- <0.001) (Table V). Data comparing the extent of dys- 
= tion (Tables IV and V), and three of these patients kinesia in patients in Groups I (patent graft to the 


E. . underwent intraaortic balloon pumping in the course left anterior descending coronary artery) and III 
inc of cardiac catheterization (Table I). (closed graft) revealed a significant difference in the 
= Changes in infarct size: Except for Group I (pa- postoperative extent of dyskinesia. In Group I only 

~ tients who underwent myocardial revascularization one patient had 5 percent dyskinesia of the left ven- 


3 


^ S within 4 hours after myocardial infarction and who tricle compared with a mean value of 20 + 1 percent 
Bo had a patent graft to the left anterior descending cor- in patients in Group III (P <0.001) (Table IV). The 
. onary artery), all patients had a large area of left ven- extent of dyskinesia in patients in Group II (myocar- 


p tricular dyskinesia. In patients in Group IV, which dial revascularization after 4 hours of infarction and 
|... Served as a control group, the preoperative data indi- a patent graft to the left anterior descending coro- 
m cated the presence of left ventricular dyskinesia in- nary artery—successful revascularization) was slight- 
.. TABLE IV 


£ 


SOEN Hemodynamic and Angiographic Data in Four Groups of Patients 
Eu CI EDP Swi % EF EDV AV/ESV/AP  % Dyskynesiat 





1 2.8 2.8 32 12- 0:02 70:226 27 OA 150 146 0.006 0.16 10 5 
dy 2 2.3 3.4 20 14  Q.6 0.40 42 61 105 137 0.06 0.07 22 0 
3 3.0 2.3 16 16 0.43 0.26 68 65 224 177  O.11 0.02 20 0 
d 2.2 2,7 26 11 0.40 69 66 153 100 0.07 20 0 
Mean 2.5 2} 23 t3. .0:35 . 0.33" 56... 63 158. A0 0:05 0.08 18 1.2 
+ SE 0.19 0.16 3 l 0.17 0.04 13 1 24 15- 0.03 0.02 2 1.4 
-~ P value «0.20 « 0.10 « 0.20 «0.20 « 0.20 « 0.20 «0.01 
Group Il: Revascularization >4 Hours, LAD Open 
5 3.6 Jef 25 14 0.37 0.44 38 38 232 257 0.01 0.01 38 38 
6 2.3 2.4 6 18. 0:32 0.24 78 51 190 264 0.09 0.06 5 23 
F 3.8 3.8 14 14 0.38 0.58 50 52 170 177 0.07 21 
8 4.2 2.7 22 8 0.60 0.30 78 63 114 181 0.65 0.17 12 18 
Mean 3.4 3.1 11 13 0.41 0,39:...:61 51 176 219 0.25 0.07 18.3 25 
‘SE 0.4 0.3 5 2 0.06 0.07 10 5 24 23 0.20 0.03 10 4 
E .P value « 0.20 « 0.20 « 0.20 « 0.20 « 0.05 « 0.20 « 0.20 


Group III: Revascularization <4 Hours, LAD Closed, Other Grafts Open 








9 3.1 1.8 11 2?) 0:33) O30 20r 420577. 250 bl voe 0 20 
10 2.2 2.1 8 42 0,407 0:22. — 65 50 82 134 0.20 0.02 0 18 
11 2.2 2.4 10 15: 710,255,.:.0.29;- 762.40. 223 305 0:06 0.01 0 22 
Mean 22 2.1 9 19 0.32 0.23 70 43 152 229. 0.13 0.01 0 20 
2 SE. 0.2 0.1 0.8 2 0.04 0.02 5 3 70 50 0.06 0.004 0 1 
= P value <0.20 <0.05 <0.20 <0.20 <0.10 <0.20 <0.001 
` X 
Ag Me | Group IV: Control, LAD Closed, Anterior Wall Infarction >4 Hours 
T5 1.4 WA 42 TA phe tL CC EAR A aoe Ras we OA RR 62 2 70 
LETS 2.1 a 20 ve xin Oca a 41 xv BRI, ex 0.008 er 50 oe 60 
3214 2.4 ME i MU CDS tz x90 o cc BOY walt OOM uu. 30 Y3 50 
11.15 1.1 s. 20 i35. 00008 dodge ev. 490770 S a 3 ROOF ds 40 d 55 
E Men 17  ... 28 EI UAR Mh cie AER uec IUE I us CONS IE SE, 
EX asE'-03 5 357. BEA CS a Sy Rao v2 0001. 57. 6 ed 5 
M * Gross pathologic size of infarct in relation to left ventricular mass as measured at autopsy. 
E^ T Extent of left ventricular wall dyskinesia over the diastolic chamber silhouette. 
|. . 1 = preoperative and 2 = postoperative data; CI = cardiac index (liters/min per m?); A V/ESV/AP (units) = compliance!!; 
vg EDP - left ventricular end-diastolic pressure (mm Hg); EDV = end-diastolic volume (ml); EF = ejection fraction; ESV = end- 


- systolic volume; LAD = left anterior descending coronary artery; P = probability (comparing pre- and postoperative data); SE 
-. = standard error; SWI = stroke work index (g-m per m°). 
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ly larger than in patients in Group III, who had a 
closed graft. In group II there was a mean dyskinetic 
area of 25 + 4 percent compared with a mean value of 
20 + 1 percent in Group III (Table IV). This differ- 
ence was not statistically significant (P <0.20), thus 
indicating the similarity of the extent of left ventric- 
ular dyskinesia and possibly infarction in patients 
undergoing revascularization of the left anterior de- 
scending coronary artery 4 to 8 hours after infarction, 
and those with revascularization of only its diagonal 
branch. The left ventricular angiograms from two pa- 
tients in Groups II and III are shown in Figures 6 and 
7. 

Electrocardiographic changes: The electrocar- 
diographic evidence of transmural infarction in all 
patients remained unchanged (Fig. 1 and 2). Evolu- 
tion of infarction in the postoperative tracings was 
seen with persistent Q waves throughout the precor- 
dial leads and leads I and aVL. 

Serum enzyme changes: Preoperative serum en- 
zyme studies in 11 patients showed an increase in 
creatine phosphokinase to 1,200 + 300 IU (standard 
error) (normal 150 IU); values for HBD, LDH and 
GOT were within normal limits. Postoperatively 
serum CPK increased markedly in all patients to a 
mean (13 patients) of 2,400 + 700 IU, associated with 
increases in HBD, LDH and GOT for 3 to 4 days 
after revascularization. The peak increase in serum 
CPK occurred 12 hours after revascularization (Fig. 
8). 

Follow-up: In the course of 1 to 4 years of follow- 
up 11 patients have remained asymptomatic, and 9 of 
these have returned to work. Two patients from 
Group II are not working. Two other patients (one 


each from Groups I and II) were asymptomatic but . 
died suddenly 4 months and 1 year, respectively, — 
after operation with cardiogenic shock and cardiac 


arrest due to sudden closure of the left anterior de- 
scending coronary artery graft. 


Two patients from Group II underwent repeated — 


cardiac catheterization studies after revasculariza- 
tion. In one patient the size of infarct (left ventricu- 
lar dyskinesia) decreased markedly within 9 months 


postoperatively.’ A third postoperative cardiac cath- - 


eterization in this man showed no further changes in 
left ventricular contraction pattern. In the second pa- 
tient, who had two postoperative hemodynamic stud- 


ies, there was no change in the size of a left ventricu- — 


lar aneurysm that developed in spite of a patent graft 
to the left anterior descending coronary artery (Fig. 


9). However, the patient's cardiac function showed | 


some improvement 3 1/2 years after revascularization 
(left ventricular diastolic pressure decreased from 22 


to 14 mm Hg and cardiac index increased from 2.2 to 


2.7 liters/min per m?). 


Discussion 


Previous experimental studies have shown that 
with reperfusion of an area of myocardial ischemia . 


within 3 hours of coronary occlusion, the size of the 
myocardial infarct (as determined by release of CPK) 


decreases appreciably.!:? Reperfusion has been em- . 
ployed clinically in patients who were considered to - 


be in a phase of preinfarction!?-!? or early infarc- 
tion!? or to have extension of an infarct.!? It has been 
shown!?!? that revascularization can be carried out 
with acceptable operative mortality and results in 
improved cardiac function and a reduced size of myo- 








TABLE V 
Clinical Studies: Statistical Analysis of Postoperative Data 
Groups Compared CI EDP SWI % EF EDV AV/ESP/AP % Dyskinesia - 
I with II (df = 6) 
t Score 1.098 0.106 0.6979 2.319 2.806 0.056 5139 
P value « 0.20 «0.20 « 0.20 « 0.05 « 0.02 « 0.20 « 0.001 
| with III (df = 5) 
t Score 2.648 2.483 1.917 5.558 1.697 2.198 11.02 
P value « 0.02 « 0.05 «0.10 « 0.001 « 0.10 « 0.05 « 0.001 
II with III (df = 5) 
t score 2.699 1.980 1.902 1.255 0.178 1.845 1.086 
P value « 0.02 « 0.10 «0.10 « 0.20 « 0.20 « 0.10 « 0.20 
| with I V*(df = 6) 
t Score 2.850 2.760 3.474 8.757 4.814 2.536 6.355 
P value « 0.02 « 0.02 « 0.01 « 0.001 « 0.001 « 0.02 « 0.001 
Il with IV *(df 6) 
t Score 3.036 2.580 3.104 3.181 0.646 2.133 2.501 
P value « 0.02 « 0.02 « 0.02 « 0.01 « 0.20 «0.05 « 0.02 
II! with IV*(df = 5) 
t Score 1.017 1.455 2.268 2.493 0.141 1.757 3.671 
P value « 0.20 « 0.20 « 0.05 «0.05 « 0.20 « 0.10 « 0.01 





* In Group IV the patients died and had no postoperative studies; their preoperative data were used for statistical com- | 


parison. 
Abbreviations as in Tables II! and IV. 
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cardial infarct. Although, in clinical cases, it has been 
difficult to calculate the extent of decrease in size of 
the eventual infarct, it was postulated that reversal of 


B the clinical shock state and improvement in cardiac 


function were indicators of a decrease in the area of 
nonfunctioning myocardium and, hence, of a de- 
crease in the size of the infarct. 

Effect of reperfusion on infarct size: Because of 
_ the complicated clinical setting in which emergency 
myocardial revascularization for an acute myocardial 
infarction is decided upon, it is not possible to cate- 
gorize all patients into one group. For this reason we 
have classified our patients into four groups on the 
basis of several variables. For example, unlike the re- 
ported results in other studies, our data were corre- 
lated with the postoperative angiographic findings 
because operative survival or reversal of the shock 
state as such does not necessarily indicate a success- 
ful revascularization. Furthermore, in the clinical set- 
ting timing of the duration of ischemia or infarction 
has always been difficult. As a result, in all clinical 
studies related to this subject (including this investi- 
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gation) there have been some departures from a strict 
research protocol that might affect the results con- 
siderably. To clarify our results we analyzed data in a 
group of patients selected because they had a similar 
anatomic lesion in the left anterior descending coro- 
nary artery and a similar interval between the onset 
of infarction and revascularization. To complement 
the clinical study, because the extent of pathologic 
infarction in patients could not be evaluated, we per- 
formed some experiments in dogs. We believe that 
the results show clearly that reperfusion of an isch- 
emic (or infarcted) area of the myocardium can be 
performed with acceptable mortality and is beneficial 
in man if carried out within 4 hours of the onset of 
myocardial infarction. Our experimental studies indi- 
cated that, with reperfusion of an infarcted area 
within 2 hours of coronary occlusion, it was possible 
to decrease the eventual size of the infarct by about 
90 percent (from 27 + 2 percent to 11.8 + 4.19 per- 
cent, P «0.001). The data in four patients also indi- 
cated that when myocardial revascularization was 
carried out within 4 hours of infarction, the extent of 


FIGURE 6. Case 5, Group Il. Left ventric- 
ular angiograms (left panels) and coro- 
nary arteriograms (right panels). The 
preoperative anterior ventricular wall 
dyskinesia was due to multiple lesions in 
the left anterior descending coronary ar- 
tery (double arrows, top right). Postop- 
erative angiograms obtained 3 months 
later showed no change in the extent of 
anterior wall dyskinesia or ejection frac- 
tion (Table IV). The graft to the anterior 
descending coronary artery (single 
arrow, lower panels) is patent. There 
are multiple silver clips in the postopera- 
tive angiograms. 


FIGURE 7. Case11, Group Ill. Pre- and postoperative 
left ventricular angiograms (left and center panels) 
and coronary arteriograms (right panels). The patient 
was studied before development of acute myocardial 
infarction. There was no left ventricular dyskinesia, but 
the left anterior descending coronary artery (LAD) and 
diagonal branch (D) showed more than 90 percent ob- 
structive lesions. Acute myocardial infarction devel- 
oped in this patient at the time of anesthesia induction 
as evidenced by electrocardiographic change and hy- 
potension. Coronary grafts to the left anterior de- 
scending coronary artery and its diagonal branch were 
performed, and the patient tolerated the procedure 
well. Postoperative angiograms obtained 4 months 
later showed evidence of dyskinesia and aneurysmal 
formation of the anterior wall due to closure of the 
graft to the left anterior descending coronary artery. 
The graft to the diagonal branch was patent. (Reprint- 
ed from Bolooki et al.’ by permission of the American 
Heart Association.) 


left ventricular dyskinesia decreased considerably 
(from a mean value of 18 percent to 1.2 percent, P 
<0.01). 

Effect of reperfusion on cardiac function: A 
comparison of results of the effects of myocardial 
reperfusion on cardiac function produced less strik- 
ing results. In dogs, myocardial revascularization 
within 2 hours decreased the extent of infarction but 
had a minimal effect on the extent of the angiograph- 
ic dyskinetic area of the left ventricle. Furthermore, 
in these animals, myocardial reperfusion did not im- 
prove values for ejection fraction or left ventricular 
end-diastolic volume. Since the pathologic extent of 
myocardial infarction was to be decided within 7 to 
10 days of infarction, all dogs were killed at that time 
and no long-term postoperative cardiac function 
studies were made. It is possible that the timing of 
these studies was responsible for some of our results 
as suggested by a previous study by Pairolero et al.,”° 
who evaluated long-term changes in ejection fraction 
due to myocardial infarcts of various sizes. 

In our patients, the postoperative studies after 
myocardial revascularization revealed some improve- 
ment in cardiac function in subjects who were oper- 
ated on within 4 hours (Groups I and III). As indicat- 
ed, the postoperative stroke work index in patients 
undergoing revascularization (reperfusion) of the left 
anterior descending coronary artery was higher (P 
<0.02) and ejection fraction better than in those 
(Group III) who did not undergo such reperfusion. 
Yet four patients (Group II) who underwent myocar- 
dial revascularization more than 4 hours after infarc- 
tion had a dyskinetic area corresponding to 25 per- 
cent of the left ventricular diastolic silhouette that 
was larger than the 20 percent dyskinetic area in the 
three patients (Group III) whose graft to the left an- 
terior descending coronary artery was closed. How- 
ever, each of these three patients had a patent graft 
to the diagonal branch of the left anterior descending 
coronary artery. Thus, we believe that the presence 


FIGURE 9. Case 6, Group Il. Left ventricular angio- 
grams (top) and coronary arteriograms (bottom) ob- 
tained 7 months postoperatively in the patient whose 
electrocardiograms are shown in Figure 1. A large left 
ventricular aneurysm involving the anterior and inferior 
walls has developed in spite of a patent graft to the left 
anterior descending coronary artery (LAD). The left cir- 
cumflex coronary artery (LC) and its acute marginal 
branch are normal. A repeat cardiac catheterization in 
this man 3 1/2 years after revascularization of the in- 
farct showed no changes in the pattern of left ventric- 
ular contraction. (Reprinted from Bolooki et al.'? by 
permission.) 
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of an adjacent patent coronary graft contributed to 
limiting the extent of myocardial infarction in these 


patients. In patients with a patent graft (reperfusion) - 


to the left anterior descending coronary artery, the 
anterior descending artery was the major anterior 
wall artery without a large diagonal branch or other 
collateral vessels. Although this anatomic variation 
could have played an important role in survival of 
these patients, it is safe to conclude that myocardial 
reperfusion performed more than 4 hours after myo- 


cardial infarction does not prevent development of a — 


dyskinetic area of the left ventricle or an aneurysm 
(Fig. 7 and 9). In this study, we found no dyskinetic 
areas in three patients who underwent myocardial re- 
vascularization within 4 hours of electrocardiograph- 


ic infarction. In these patients electrocardiographic 
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FIGURE 8. Case 9, Group Ill. Serum enzyme curves before (top) 
and after (bottom) myocardial revascularization. Preoperative stud- 


ies were obtained on admission (1), during day 1 in the hospital (2) — 


and before surgical intervention (3). The postoperative studies were 
performed on days 1 to 10 postoperatively. This pattern of serum 
enzyme rise and decline was seen in most patients operated on in 
the course of acute myocardial infarction. 
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. evidence of acute myocardial infarction (S-T segment 
- elevation) and hypotension developed while they 
— were being given general anesthesia in the operating 
- room. 


An interesting observation was the persistence of 


- preoperative Q waves in the postoperative electrocar- 
. diograms (Fig. 1 and 2) in spite of successful revascu- 
- larization of the infarct. This finding indicates that 
the revascularized transmural infarct remains abnor- 
mal electrophysiologically. In our experience with 


these and other patients with the so-called interme- 


_ diate coronary syndrome or preinfarction angina, the 
only reversible electrocardiographic changes have 
— been those of subendocardial ischemia (T wave inver- 
. sion in precordial leads) regardless of the duration of 


these changes before operation.!? 
Clinical implications: Our study shows that the 
duration of ischemia before reestablishment of blood 


_ flow to the distal areas of an occluded coronary artery 


in man must be limited to 4 hours if reperfusion is to 


lead to improvement in cardiac function and a de- 


crease in the extent of the infarct. This finding is 


— supported by our experimental results, although per- 
- haps because of the acute conditions of the experi- 
ments, the time limit in dogs is 2 hours. This differ- 
- ence in time may also indicate a greater tolerance of 
human myocardium to ischemia and is most likely 
due to the presence of numerous intercoronary collat- 


eral communications and the insidious onset of coro- 


. nary obstruction. 


In addition to a significant decrease in the extent 


of dyskinetic area in patients who had successful 
myocardial revascularization (reperfusion) early after 
infarction, the overall cardiac function was better 
than in patients who underwent myocardial reperfu- 
sion late after infarction (Group II) or did not under- 
go revascularization of the left anterior descending 
coronary artery (Group III). However, long-term fol- 
low-up studies (1 to 4 years) in these patients demon- 
strated that, regardless of patency or closure of the 
bypass graft to the left anterior descending coronary 
artery, most patients undergoing revascularization 
for an acute infarct remained asymptomatic and 
many returned to their previous activities. Although 
a recent report by Shell and Sobel?! indicates the ad- 
vantages of noninvasive measures to reduce infarct 
size in patients with myocardial infarction, perhaps a 
study of matched groups of patients treated by non- 
invasive (antihypertensive) methods and by myocar- 
dial reperfusion would further our knowledge of the 
effects of each of these methods. It is likely, however, 
that no one method will be useful for all patients and 
in the future the patients may be carefully selected 
for a specific method of therapy. 
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The Gastrointestinal Absorption of Organic Nitrates 


JOHN C. KRANTZ, Jr., PhD, FACC 
CHAUNCEY D. LEAKE, PhD, ScD 


Gibson Island, Maryland and 
San Francisco, California 


It has been nearly 100 years since William Murrell’ 
of England treated his first anginal patient with ni- 
troglycerin. He directed the patient to drop 3 drops 
of a 1 percent solution of nitroglycerin into 1/2 oz of 
water and take it three times daily. Murrel was im- 
pressed by the improvement in the patient’s condi- 
tion and his ability to abort an attack by swallowing a 
dose of his medicine. There is no doubt that an ade- 
quate therapeutic quantity of the drug was absorbed. 

Until the advent of reserpine and other antihyper- 
tensive drugs, erythrityl tetranitrate (30 mg) and 
mannitol hexanitrate (15 mg) were used extensively 
in the treatment of hypertension.” There appeared to 
be no question concerning the absorption of either of 
these drugs. The hypotensive maximal action oc- 
curred within 1.5 hours and persisted for 5 to 6 hours. 
Although these two hypotensive agents have been 
largely abandoned, they have been replaced by an- 
tianginal drugs of the nitrate class such as isosorbide 
dinitrate and pentaerythritol tetranitrate. In addi- 
tion, nitroglycerin has become available in sustained 
release forms, and this development has precipitated 
the question of the absorption of nitroglycerin when 
administered in this form rather than as a sublingual 
tablet. 

This controversy appears to have originated from 
the extensive investigations of Needleman of the 
Washington University Medical School on the action 
of nitrates in animals. Needleman’s work, supported 
by the American Heart Association, was reported to 
the Wall Street Journal, and the resulting publicity 
has caused patients to lose confidence in these drugs. 
The thrust of Needleman’s thesis is summarized by 
him in a comment in the Annals of Internal Medi- 
cine.? He states: “Orally administered organic ni- 
trates are absorbed into the portal circulation and are 
rapidly and completely degraded by a liver enzyme 
before reaching the systemic circulation and there- 
fore can have little chance of producing vasodila- 
tion." 


Address for reprints: John C. Krantz, Jr., PhD, Gibson Island, Md. 
21056. 
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We believe that a century of clinical data on the - 
use of these agents in hypertension and coronary in- — 
sufficiency disease indicates that this statement of 
Needleman’s is not in accordance with the facts. — 
Since this statement involves the use of mainly three - 
drugs—isosorbide dinitrate, pentaerythritol tetrani- - 
trate and nitroglycerin in sustained release forms, we - 
confine the refutation to these drugs. de 

1. Isosorbide dinitrate: One of us (J.C.K. Jr.) di- . 
rected the synthesis of this agent and studied it first 
as a vasodilating agent. Several of us ingested tablets — 
of the drug and in each case the blood pressure was . 
reduced by an average of 20 percent. The hypoten- . 
sion persisted for 4 to 6 hours.* : 

Buckley et al. showed that isosorbide dinitrate - 
and pentaerythritol tetranitrate were active in pro- 
ducing depressor activity and decreased coronary . 
vascular resistance when administered intraduo- . 
denally in dogs. They commented on the persistence 
of the action of isosorbide dinitrate. We* showed that — 
this agent was resistant to hydrolysis in vitro. E 

2. Pentaerythritol tetranitrate: The literature 3 
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on pentaerythritol tetranitrate is voluminous, and . 
numerous articles bespeak the activity of orally ad- — 
ministered pentaerythritol tetranitrate. It has been . 
shown by Davidson et al? that radioactive carbon- . 
14-labeled pentaerythritol tetranitrate entered the . 
general circulation and was degraded to the tri- di- BS 
and mononitrates and finally to pentaerythritol. Da- _ 
vidson et al.8 also showed that pentaerythritol tetra- . 
nitrate may be considered a precursor of the more ac- t 
tive pentaerythritol trinitrate that is formed in the * 
liver by the cleavage of one nitrate group from the | 
molecule. | j: 

After the oral administration of pentaerythritol — 
tetranitrate to rats, pentaerythritol trinitrate was . 
found in the plasma for 24 hours.? In addition, the . 
trinitrate forms a glucuronide that is more refractory - 
to degradation than pentaerythritol tetranitrate.!0 . 
Pentaerythritol trinitrate glucuronide serves as a res- - 
ervoir for its aglycone and remains in the blood 48 . 
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hours after pentaerythritol tetranitrate has been ad- — 
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ministered. Cammarto et al.!! showed that penta- 
erythritol trinitrate and nitroglycerin were effective 
as depressors when administered in the intraportal 


. vein or intraduodenally in the dog and rat. 


3. Sustained release nitroglycerin tablets: It is 
clear that sublingually administered nitroglycerin by- 
passes the portal circulation and thus prevents deg- 
radation by the liver. Despite the degradation of oral- 
ly administered nitroglycerin, adequate therapeutic 
levels are probably available. To support this view we 


» extrapolate to man the results of a study!? made 
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more than a decade ago: 

The coronary vessels of the isolated rabbit heart 
(Langendorff preparation) were perfused with a 
known amount of nitroglycerin. The coronary flow 
increased about 50 percent, but only 14 percent of 
the drug was fixed by the receptor sites in the coro- 


nary vessels; the remainder appeared unchanged in 
.. the perfusate. Thus, it would appear that only a frac- 
_ tional portion of the dose of nitroglycerin is required 
. to produce the maximal effect. This indeed may par- 
allel what occurs in man when the sustained release 


tablet of nitroglycerin is administered. In a recent ed- 
itorial, (one of us)!? recorded several experiments 


_ performed in man to demonstrate the effectiveness of 
l sustained release nitroglycerin tablets (Nitrong®). 


Two of these are recorded. Mason et al.1415 used a 
venous occlusion technique and showed definitive ev- 
idence of the peripheral activity of orally adminis- 
tered nitroglycerin. In the studies, dilation of the pe- 
ripheral vessels led to pooling of the blood in the ca- 
pacitance reservoir, thus decreasing the functional 
circulating volume. Sustained release nitroglycerin 
tablets provided activity for at least 7 hours as shown 
by pulse contour measurements. 

Using dynamic electrocardiographic techniques, 
Winsor? showed sustained release nitroglycerin tab- 
lets provided significant protective activity against 
ischemic S-T depression in patients monitored 
throughout the day. 

Conclusion: It seems to us, who each represent a 
half century of investigation in the field of nitrite- 
nitrate therapy, that Needleman’s investigations 
have not nullified in any sense the value of the organ- 
ic nitrates when taken orally. It is unfortunate that 
the results of these animal studies should have been 
made available to the public. Indeed, if Needleman is 
correct, William Murrells anginal patients would 
have failed to benefit by taking nitroglycerin orally, 
and medicine would have been deprived of this useful 
drug for the past century, and we and Needleman 
would not have worked with nitroglycerin. 
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LETTERS TO THE EDITOR 


ACUTE SUPPURATIVE AMEBIC PERICARDITIS 


If the bibliography of Costa et al.! included 1972 publica- 
tions, the authors ignored 11 cases published in 1972? as 
did the reviewing editor of the Journal. Our group?~* has 
described 17 patients, of whom 7 survived, emphasizing 
that the clinical findings can suggest progressive myocar- 
dial compression or cardiac tamponade, with or without 
sepsis, in patients with or without a diagnosis of amebic ab- 
scess of the liver or a past medical history of dysentery and 
that the pus may not be reddish-brown or resemble ancho- 
vy sauce. We believe that the latter points have previously 
been overstressed and their absence may mislead some 
clinicians since a high degree of suspicion is required in ad- 
dition to the use of all available diagnostic tools such as 
liver scan and serologic tests to confirm the diagnosis. We 
do not agree that “conservative management” is advisable 
in the early stage of the lesion, although this statement 
seems to be in conflict with an earlier statement: “early 
drainage is advised"; in our more recent cases, including 
two unreported ones, early subxyphoid drainage? proved 
easy and lifesaving and permitted the correct diagnosis or 
its confirmation. 
Amebic abscesses of the liver can open into the pericar- 
dium, thus causing the death of a patient who is under 
proper medical therapy; surgical maneuvers might be need- 
ed to prevent this complication. 
Finally, a philosophical consideration. Can the authors of 
a paper ignore a similar publication of a larger series, and 
the journal receiving the paper ignore such an omission? 
Should the burden be placed on the authors, or is the re- 
viewer to be blamed when statements as “up to 1972 only 
80 cases were reported" and 11 more, published that same 
year in an international journal are not mentioned? 
Carlos lbarra-Pérez, MD, FACC 
Division of Surgery 
Hosp. de Enfermedades del Tórax 
Centro Medico Nacional, 
Instituto Mexicano del Seguro Social 
México City, México 
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REPLY 


Our statement recommending conservative management in 
the early stages of the lesion does not “conflict” with our 
recommendation for early open pericardial drainage; the 
two statements are not related. The second one refers to 
early drainage of the pericardial sac through a tube, as per- 
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formed in the case reported. If this measure is combined 
with proper early diagnosis and medical treatment, a good 
survival rate may be achieved. The statement recommend- 
ing conservative management refers to classic open chest 


pericardiectomy in the early stages of constrictive pericar- - 


ditis, which may develop shortly after the acute phase, as 


happened i in our case: the reported mortality rate tor this ue 


procedure is very high. 


We have now had the opportunity to read the paper of 
Ibarra-Perez et al., which would have been included in our - 


reference list if we had been aware of it earlier. However, 


how large a reference list should be is also a matter of phi- _ 
losophy. The main objective of our report was to offer a 
well documented case of an uncommon condition, empha-  : 
sizing the following points: (1) the clinical presentation pri- _ 


marily as acute pericarditis with tamponade; (2) the possi- 


bility of confusion with the more common acute tubercu- - i 
lous pericarditis; (3) the need for early open pericardial - 


drainage, since signs of severe cardiac compression have a 
tendency to recur in this condition; (4) the simple way to 


visualize by X-ray film the liver abscess by injecting con- 


trast material through the tube placed into the pericardial 
cavity; (5) the need, despite treatment with appropriate 


doses of chloroquine (Aralen9) and metronidazole (Phla- — 


gyl®) for treatment with emetine hydrochloride to achieve 
complete recovery from the acute phase; and (6) the possi- 


bility of early development of constrictive pericarditis. — 
Thus, in light of these objectives, once a certain number of . 


papers giving support to these points were found, the refer- 
ence list was considered satisfactory. 
Armenio Costa Guimaraes, MD 
Lucia S. Azevedo Vinhaes, MD 
Ademar Santos Filho, MD 
José Péricles Esteves, MD 
Waldeck Neves Abreu, MD 
Hemodynamic Research Laboratory 
Hospital Prof. Edgard Santos - 


University of Bahia School of Medicine 


Bahia, Brazil 
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SEQUENTIAL STUDIES OF LEFT VENTRICULAR 
FUNCTION 


McAnulty et al.! offer a wealth of information, previously .: 
unavailable, on the reproducibility (or lack of it) of com- . 


monly recorded parameters of ventricular function. Their 


conclusion that “The range of these day to day changes in © 


the parameters of left ventricular function without thera- 


peutic intervention must be considered when evaluating. 


the effect of therapy" is of interest to physicians and sur- 


geons alike. Furthermore, their finding that “wall motion - 


abnormalities (instead) were constant in site and showed 
little variation in extent" will be received with enthusiasm 
by those of us who had insisted on the value, simplicity and — 
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reliability of plain left ventriculography as one of the better 
tools for the evaluation of left ventricular function in pa- 
tients with ischemic heart disease. 

I have no criticism for a well conducted and extremely 
useful study by this excellent group of investigators. Fur- 
thermore, I would have considered it perfectly proper, for 
the sake of this investigation, that a number of consenting 
patients be studied on successive days in order to obtain 
the two needed sets of information. What disturbs me is a 


Statement indicating that “patients in stable conditions 


underwent elective diagnostic cardiac catheterization and 
coronary arteriography on successive days in two laborato- 
ries, the usual practice at this institution." (Italics By Dr. 
Gensini.) 

If this is the usual practice in a highly respected institu- 
tion, such as the University of Oregon Medical School, 


» what next? Should a patient in a less advanced laboratory 


expect to have his right coronary artery studied on Mon- 
day, the left on Tuesday, have angiography on Wednesday 


and the right and left heart catheterization on Thursday 


_and Friday? Should we take left oblique views only on the 


odd days and reserve the right oblique views for the even 
days? 
A complete diagnostic study, inclusive of right and left 


_ heart catheterization, cardiac output, left ventriculography 


in two views, coronary arteriography in multiple views, 
with pressure measurements both before and after stress 
and vasodilators, can often be accomplished in less than 60 


_ minutes from “skin to skin," using a single cutdown proce- 


dure. The simpler combination of left heart catheteriza- 
tion, left ventriculography and coronary arteriography is 


. usually carried out in 30 minutes or less and is considered a 
standard operating procedure in many laboratories, includ- 


ing our own. 
A serious breakdown in administrative policy or unex- 


. plainable divisions of responsibility or both must be at 
work whenever a patient, in order to obtain the same set of 


information, must be “invaded” twice in two different lab- 


. oratories. 
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I am a cardiologist and naturally I believe that the study 


of the heart is most appropriately performed by a well 


trained cardiologist. I have nothing against delegating that 
responsibility to someone primarily trained in another spe- 
cialty, provided (1) his or her training in invasive cardio- 


. vascular techniques is the same as the one that a cardiolo- 
gist would have to acquire in order to be qualified, and (2) 
there is no other qualified cardiologist willing or able to 


take on this responsibility. I am, however, profoundly dis- 
turbed by “usual practices" such as these and I hope that 
they will be voluntarily corrected, wherever they may exist. 
Goffredo G. Gensini, MD, FACC 
St. Joseph's Hospital Health Center 
Syracuse, New York 
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REPLY 
A proper evaluation of the left ventricle should consider its 


overall systolic function and wall motion in addition to its 


diastolic properties.! A word of caution against visual eval- 
uation of left ventricular function from angiograms is ap- 
propriate because such assessments have a significant error 
rate.? For these reasons, several parameters should be mea- 
sured to evaluate left ventricular function adequately. 
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At our institution complete hemodynamic evaluation 
and coronary angiography are often performed on separate 
days. Many patients undergoing such evaluations do not 
have coronary artery disease as their primary problem. 
This approach has allowed us to obtain complete studies 
without increasing the overall morbidity or mortality. In 
fact, we wish to emphasize the very low overall complica- 
tion rate of our studies.?-? None of the patients described 
in our recent study had any complication. 

Thromboembolic episodes are the most frequent of the 
major complications of arterial studies. They are probably 
related to the length of time the catheter and wires are in 
the artery, the number of catheter exchanges and the tech- 
nique used.!?.!1 Studies on separate days decrease both the 
length of time any one catheter is in the arterial system and 
the number of catheter exchanges in any one study. The re- 
quired additional arterial puncture for a dual study has not 
increased morbidity or difficulties with subsequent re- 
studies. 

Our practice has allowed us to obtain thorough evalua- 
tions of cardiac function and of the coronary arterial sys- 
tem without subjecting patients to an increased risk. When 
possible, a complete evaluation with one study is prefera- 
ble. However, in patients needing invasive studies, what is 
of primary importance is to obtain with consistency com- 
plete, reliable and accurate information at low risk. 

John H. McAnulty, MD 

Josef Rósch, MD 

Shahbudin H. Rahimtoola, MD 
University of Oregon Medical School 
Portland, Oregon 
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LIFE EXPECTANCY AND MARATHON RUNNING 


Dr. McIntosh correctly identifies the factors affecting the 
life expectancy of the American adult by calling for a 
"change in life styles." ! 

Because of the absence of fatal coronary heart disease 
among marathon runners,” their life style is under study by 
the American Medical Joggers Association (AMJA). Dis- 
tance running is being used in rehabilitation centers in To- 
ronto and Honolulu. Several patients have trained up to 
the 42 km run after recovering from myocardial infarction. 
Problems in motivation have been partially solved by 
changing the emphasis from “patient” to "athlete" in the 
early stages of rehabilitation. Even during the closely su- 
pervised walking stages the patient has his eye on the De- 
cember AMJA Honolulu Marathon. He trains with team- 


mates who are at the same level of fitness. Their coach is a 
cardiologist. AMJA pathologists expect not only a decrease 
in the incidence of coronary heart disease, but also, because 
of the teetotaling life style, fewer cases of cirrhosis, carcino- 
ma of the lung, emphysema and generalized arteriosclero- 
sis. 
Such programs may give us the increase in life expectan- 
cy of which McIntosh speaks. 
Thomas J. Bassler, MD 
Centinela Valley Hospital 
Inglewood, Calif. 
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REPLY 


Intuitively, I believe that a well planned jogging program is 
important as both a prophylactic and a rehabilitative mea- 
sure. Yet I believe that the data that prove this hunch cor- 
rect are not yet available. I hope that the role of exercise in 
the treatment and prevention of coronary artery disease 
will be clarified soon. 

I hope, too, that Dr. Bassler will not continue to refer to 
AMJA pathologists who “expect not only a decrease in the 
incidence of coronary heart disease; but because of the tee- 
totaling life style, they also expect to see fewer cases of cir- 
rhosis, carcinoma of the lung, emphysema and generalized 
arteriosclerosis.” I hope that the pathologic data that be- 
come available to the American Medical Joggers Associa- 
tion will be examined by pathologists without preconceived 
ideas. 

Whether or not jogging increases life expectancy and re- 
duces the progression of coronary artery disease, I, for one, 
can attest to the fact that it improves the quality of life. I 
do not believe, however, that one has to be a marathon run- 
ner to enjoy the benefits of reconditioning or to remain in 
good physical condition. I cannot emphasize strongly 
enough that the middle-aged, obese, smoking, sedentary 
male should not embark on a self-designed exercise pro- 
gram. He should have a careful physical examination with 
stress testing to be sure that if he does have ischemic heart 
disease that he is well aware of the limits to which he can 
exert without developing the process. 

Finally, Dr. Bassler’s enthusiasm is gratifying and I am 
sure infectious. I hope that he will always separate intu- 
ition from facts and so inform his listeners. 

Henry D. Mcintosh, MD, FACC 
Department of Medicine 

The Methodist Hospital 
Houston, Texas 


ACUPUNCTURE ANESTHESIA FOR OPEN HEART 
SURGERY—! 


I read with great interest Dr. Katz’s account of acupunc- 
ture anesthesia for open heart surgery. I too was a doubting 
Thomas about the much acclaimed wonders performed by 
our Chinese colleagues using acupuncture anesthesia in 
heart surgery until May 1972 when I visited the People’s 
Republic of China and observed several closed mitral com- 
missurotomies performed under acupuncture anesthesia 
and July 1973 when I returned there to witness several 
open heart operations performed under acupuncture anes- 


LETTERS TO THE EDITOR 


thesia. It was only after I had seen with my own eyes, as Dr. 


Katz has with his, that I became convinced that indeed it — 


was, is and will be possible to do open heart operations 
using the technique of total cardiopulmonary bypass under 
acupuncture anesthesia. 

Dr. Katz’s account of operative repair of a ventricular 
septal defect in a youngster under acupuncture anesthesia 
is identical to what I saw being successfully accomplished 
in the same hospital and by the same surgical team, many 
members of which were my former schoolmates and class- 
mates. For documentary purposes, I had the entire opera- 
tion filmed through the courtesy of the Shanghai Branch of 
the Chinese Medical Association. 

More than 100 open heart operations have been per- 
formed under acupuncture anesthesia in that hospital since 
its first on April 19, 1972, with a success rate of over 90 per- 
cent. The types of congenital heart disease so treated in- 


cluded ventricular septal defect, atrial septal defect, pul- — 


monary stenosis, trilogy of Fallot, tetralogy of Fallot and 
ruptured aortic sinus of Valsalva with ventricular septal 
defect. The youngest patient was 10 years of age and the 
longest period of extracorporeal circulation was 121 min- 
utes. My Chinese colleagues neither considered acupunc- 
ture anesthesia to be a panacea for all open heart opera- 
tions nor claimed perfection with this technique. Three 
“castles” or hurdles still remain in acupuncture anesthesia: 
incomplete relief of painful sensations during closure of 
median sternotomy, incomplete muscular relaxation during 
abdominal operations and uncomfortable sensation during 
mesenteric traction of gut handling. However, my Chinese 
colleagues are determined to lick these problems. 


Physicians in the western world tend to be somewhat 


critical of happenings that cannot be explained on a "scien- 
tific" basis. In fact, some even called acupuncture anesthe- 
sia a form of hypnosis. Such an attitude reflects ignorance 
and mulishness. I suggest to some of my American col- 
leagues that we keep our mouths closed but our eyes open 


for further progress and development emanating from the 


medical horizons in the People's Republic of China. 
Tsung O. Cheng, MD, FACC 
Division of Cardiology 
Department of Medicine 
The George Washington University Medical Center 
Washington, D. C. 
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ACUPUNCTURE ANESTHESIA —II 


Medical journals should publish reports of clinical studies 
of methods that seem unlikely to be successful by our pre- 
vious experience; there would be no progress otherwise. But 
this report of Dr. Katz is, in the language of the courtroom, 
hearsay evidence. Katz was not the physician in charge; he 
was not the surgeon; his closest contact to the patient was 
observation in the operating room. There is no evidence 
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that he examined the patient beyond his observations in — . 
the operating theater. I doubt that you would publish a 
case report submitted by an observer, however interested, - Y 
whose evidence consisted of the material presented here. — . E 
Reuben Berman, MD 

Editor IM 
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CARDIAC PACING IN ACUTE MYOCARDIAL 
INFARCTION 


Waters and Mizgala,! in their study of the role of cardiac 
pacing, conclude that “prophylactic temporary transvenous 
pacemaker insertion in patients with acute myocardial in- 
farction complicated by incomplete bilateral bundle branch 
block is of little value.” It is dangerous to draw such a con- 
clusion from the small number of patients analyzed. As the 


. authors note, the overall mortality for patients with incom- 


plete bilateral bundle branch block in their study is lower 
than that in other reported series. This discrepancy may be 
a result of the skilled application of prophylactic and emer- 
gency cardiac pacing in this group of patients. Of the group 


- of 15 patients in whom complete heart block developed, 3 
. of 5 with a prophylactic pacemaker survived, whereas only 


3 of 10 with a pacemaker implanted at the time of develop- 
ment of complete heart block survived hospitalization. One 
might conclude from this that prophylactic, as opposed to 
after-the-fact pacemaking significantly increases survival 
of patients in whom complete heart block develops. In ad- 


dition, although the authors attribute one death to pace- 
maker manipulation, they document the possible salvage of 


six lives (three in prophylactic, three in after-the-fact 
group) by pacemaking. Of course, neither these nor the au- 
thors' conclusions are justified, except as hypotheses for 


further study of this controversial subject. 


Waters and Mizgala's view that the potential gain of 
pacemaking in these patients “may be counterbalanced by 
the frequent occurrence of serious ventricular arrhyth- 


 . mias" was previously postulated by Godman et al.,? but 


Post and Killip? regard their incidence of pacemaker cathe- 


_ter-induced arrhythmias as atypically high. Perhaps be- 
- . cause there is a widespread conviction that certain patients 


benefit from cardiac pacing, studies comparing patients 
with acute myocardial infarction who undergo cardiac pac- 


- ing with exactly matched control groups have not ap- 


peared. When and if they do, interpretation will be further 
complicated by various estimates of the risks of cardiac 
pacing as related to variations in technique and skill. 
Calixto A. Romero, MD 
Department of Medicine/Cardiology 
The University of Chicago 
Chicago, Illinois 
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REPLY 


We agree that our series is small (27 cases), that our con- 
clusions may not constitute the last word on this important 
subject and that further observations are necessary, as our 


.. purpose was to present some evidence for questioning the 


widespread belief that acute myocardial infarction compli- 
cated by incomplete bilateral bundle branch block must be 
treated with a prophylactic temporary pacemaker and, as 
suggested by some, eventually with a permanent pacemak- 
er. 
Careful examination of the deaths in our series shows 
that none of the 12 patients who died succumbed for lack 
of a prophylactic pacemaker; three died of ventricular fi- 
brillation (including one whose death was directly related 
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to catheter manipulation) and the other nine died of causes 
related to the severity of their coronary artery disease and 
to the extent of myocardial infarction. Of the patients in 
whom complete heart block developed in the absence of a 
prophylactic pacemaker, all survived long enough to have a 
pacemaker inserted. On the other hand, of the survivors, 
complete heart block never developed in nine whereas it 
did in six; of these six, all survived whether or not a pro- 
phylactic pacemaker had been inserted. We agree that once 
complete heart block appears in such patients, a pacemak- 
er is indicated and indeed could be lifesaving. However, no 
data, ours included, indicate that ultimate survival in these 
patients is influenced by prophylactic insertion of a pace- 
maker. Thus, analysis of this group of patients, however 
small, tends to support the view that acute myocardial in- 
farction complicated by incomplete bilateral bundle branch 
block points to very extensive myocardial damage and is 
complicated by a high incidence of ventricular brady- and 
tachyarrhythmias, congestive heart failure and cardiogenic 
shock. Survival seems to be unrelated to the use of prophy- 
lactic pacing but rather appears to be determined by the 
degree of myocardial reserve remaining after the acute 
event and is often accompanied by gradual regression of 
the conduction disturbances. 

All patients in our series were monitored during the 
acute phase of this illness and 24 hour lead II recordings 
were obtained. Analysis of these tracings clearly revealed 
an unusually high incidence of ventricular arrhythmias in 
all patients, not only in recipients of prophylactic pace- 
makers. Our reported high incidence of ventricular ar- 
rhythmias is therefore unrelated to the possibility of “vari- 
ation in technique and skill" but rather to increased ven- 
tricular irritability, presumably related to the extensive in- 
farction. 

Harry F. Mizgala, MD, FRCP (C), FACC 
Institut de Cardiologie de Montreal 
Montreal, Quebec, Canada 


BLIND DEFIBRILLATION 


To the editorial on blind defibrillation by Grace et al.! I 
would add: If a first blind defibrillation does not restore 
the heartbeat, a second one should be performed immedi- 
ately. This suggestion is based upon the rare possibility 
that the initial cardiac arrest was due to ventricular tachy- 
cardia and the first blind defibrillation (since synchroniz- 
ing the electrical impulse is not indicated) might have been 
triggered during the vulnerable period and resulted in ven- 
tricular fibrillation. In that case a second blind defibrilla- 
tion might restore sinus rhythm. 

Irving N. Wolfson, MD 

Division of Cardiology 

Worcester City Hospital 

Department of Medicine 

University of Massachusetts Medical School 

Worcester, Massachusetts 
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PREDICTIVE VALUE OF ENZYME STUDIES IN 
MYOCARDIAL INFARCTION 


Rose et al.! suggest that serum glutamic oxaloacetic trans- 
aminase and creatine phosphokinase values above 200 and 
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2.000 units, respectively, separated patients with myocar- 
dial infarction from those without myocardial infarction 
after coronary artery bypass surgery. We have measured 
serum glutamic oxaloacetic transaminase, serum glutamic 
pyruvic transaminase, creatine phosphokinase, lactic dehy- 
drogenase, hydroxybutyrate dehydrogenase and the isoen- 
zymes of creatine phosphokinase and lactic dehydrogenase 
in a variety of clinical settings and have concluded that the 
laboratory can offer little help in ruling in or ruling out 
myocardial infarction immediately after coronary artery 
bypass surgery. 

Furthermore, our analysis of the data presented by Rose 
et al. leads us to a conclusion opposite to the one they pre- 
sent. They fail to recognize that the usefulness of a diag- 
nostic test is related to the prevalence of the disease. Table 
I shows the results if their data are entered into the model 








TABLE I 
Positive Negative 
Test Test 
Patients with MI (no.) 4 1 
Patients without MI (no.) 3 42 
Total 7 43 


MI = myocardial infarction. 


proposed by Vecchio.? The sensitivity of their test system 
was only 80 percent, since only four of five patients with 
myocardial infarction had a positive test. The specificity of 
their test was 93 percent since 42 of the 45 patients without 
infarction had a negative test. The prevalence of myocar- 
dial infarction in their series was 10 percent. When a test 
with a sensitivity of 80 percent and a specificity of 93 per- 
cent is applied to a population with a disease prevalence of 
10 percent, the predictive value of a positive result is only 
57 percent. This means that only 57 percent of the positive 
results are true positives. There were seven patients with 
values for serum glutamic oxaloacetic transaminase and 
creatine phosphokinase above the limits set, but only four 
of the seven had a myocardial infarction. A 43 percent false 
positive rate is not acceptable. 

Robert S. Galen, MD, MPH 

S. Raymond Gambino, MD 

Clinical Chemistry Service 

Columbia-Presbyterian Medical Center 

New York, New York 
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REPLY 


We agree with Drs. Galin and Gambino that determination 
of serum enzymes is not an ideal method for detecting 
myocardial infarction in the patient who has undergone 
coronary bypass surgery. However, their comments con- 
cerning the specificity of positive tests may be open to fur- 
. ther interpretation. It is possible that in the circumstances 

in which the electrocardiogram is used to evaluate whether 
the patient had an infarction one may underdiagnose the 
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incidence of this complication. Accordingly, the three 


subjects in our study who exhibited positive enzyme abnor- 


malities but no electrocardiographic changes may have un- 
dergone infarction and perhaps the results in these cases 


should not really be thought of as false positive. Of course, 


this issue cannot be resolved now. Further analysis of 
serum enzymes with use of more specific analyses, such as . 


MB creatine phosphokinase, may be of help in this regard. - 


Nevertheless, it may be that with use of a combination of 
electrocardiographic and enzyme changes the specificity of 
the two taken together may be enhanced. | 


A somewhat similar method to that described by Vecchio : S 
was developed by Kuipers and Hanssen! and applied by . 


van Herpen.? This method has an "index of merit" for a 


contingency table of reality vs. prediction. The index of 


merit varies from 0, when there is no association between 
prediction and reality, to 1, if they are completely associ- 


ated. By using this method and applying it to our data a - : 


value of 11/15 is obtained. This indicates a fairly high de- 
gree of reliability for the method under question, that is, 


use of the enzyme abnormalities for the detection of myo- . 1 


cardial infarction. 
Ephraim Glassman, MD 
Malcolm Rose, MD 
Frank C. Spencer, MD 
Departments of Medicine and Surgery 
New York University Medical Center 
New York, New York 
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GRAFT PATENCY AND SERUM TRIGLYCERIDES 


Allard et al.! recently proposed that graft closure is well 
correlated with serum triglyceride levels. However, there is 
no information as to other pertinent factors that may not 
have been matched in the various groups. For instance, it 
would have been helpful to know if the flow rates in the 
grafts measured interoperatively were significantly differ- 


ent in the patients with high and low triglyceride levels; : 


that is, not to assume that triglycerides as such had af- 
fected the graft flow but that the difference in graft flow 
may have also been a factor in graft closure. One can think 
of several factors that should have been matched and must 
be wary of accepting results when the patient population 


being evaluated acts as its own control. The presumptive  . 
conclusion of the authors is one worth pursuing in a further  . 


matched study. 


Richard E. Silberman, MD _ 


Milwaukee, Wisconsin 
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serum triglycerides. Three year follow-up study. Am J Cardiol 33:679-680, 1974 


REPLY 


We entirely subscribe to the suggestion that the patency of 
aortocoronary vein grafts was influenced by the concentra- 


tion of serum triglycerides. The study of serum triglycer- — 


ides and vein graft patency should be pursued with 


matched controls. Such an investigation is now being car- | 





Tu "ess V. 


4 
e AS Ba 


Sra 
a^ 


TUN SEP" eu PEL 
e y^ 
45 





re 


Pre x 
J 
a 


m UO AER C SPRO TT 
ET RO Len 


= 


*- E 
we a a 


ub 


a 


t. 


UM 


‘SS 


Í 
T. NC med 
S. el anise uv 


Aat T ides n 2 ‘on TE sco 
quieta I o P dae 


"2 rx sak 
£3 am 17 


a I 


e 


412 


~ 


TS 


"n 


7 m 


J e 


dU. 


euo: AES 


y e 


T. D Myr 2^ x 345 PAGAN a 
=: CV a la r^ur Po pP Cer i 


ria + 
fA 22 n^ 


ick 
mp 


NK 
Mar ^ 
A. 


Lx 
^. 


ARS. 


J LETTERS TO THE EDITOR 


_ ried out in a prospective study of about 400 randomly se- 
- lected patients. In our first study of this relation,’ 70 pa- 
tients (99 grafts) were investigated, taking into account the 


state of the segments distal to the grafts; the degree of ath- 
erosclerosis and the vascular bed were chosen as criteria for 
defining a good runoff.? In the patients with good runoff 
the serum triglyceride concentration was greater in the 
group with occluded grafts than in the group with patent 
grafts 1 year after operation. Since occlusion is uncommon 
between 1 and 3 years after operation and little or no re- 
duction occurs in the diameter of the graft,? it seemed a 


BOOK REVIEWS 


THE NORMAL APEXCARDIOGRAM, by Jos. L. Willems. 


_ Brussels, Arscia Uitgaven N. V., 1973, 305 pages 


This monograph represents a detailed analysis of the 
normal apexcardiogram together with systolic time inter- 
vals as obtained by standard methods. There are three sec- 
tions to the monograph: (1) methods and background infor- 
mation; (2) apex cardiography and noninvasive timing of 
intracardiac events, which is primarily concerned with sys- 
tolic time intervals; and (3) apex cardiography as a nonin- 
vasive assessment of cardiac function. 

The data were obtained from a large series of normal 
subjects. Extensive measurements of the apex cardiogram 
were performed as well as statistical analysis, which pro- 
duced a voluminous number of tables. The section on myo- 
cardial contractility is probably a step forward in the use of 
noninvasive techniques for assessment of this variable, but 


 . many criticisms can be made of this section. To some ex- 


tent it seems superficial, and assumptions are made for 
which there are no means of validation. Studies performed 
in dogs are emphasized throughout the monograph al- 
though, because of the differences in anatomy and the fact 


that the dog essentially has no mediastinum, the dog is 


probably a poor model for studying movements of the 
human heart as reflected on the chest wall. It was surpris- 


ing that the results were as consistent as they were. AI- 


though a fair amount of emphasis is placed on computer 
technology, it is poorly explained and it is not clear wheth- 


er computer techniques were used in obtaining all the mea- 


surements presented in the various tables. An index is not 
provided. 

The book is a reference manual only for normal data and 
would be of interest only to investigators working in the 
field. It should be pointed out that much of the data will be 


fruitless effort to correlate again the triglyceridemia and 
the graft flow, inasmuch as the number of patients was 
small. 
Claude Allard, PhD 
Montreal Heart Institute 


Montreal, Quebec, Canada 
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of little importance unless the studies are extended to in- 
clude patients with heart disease. 
E. E. Eddleman, Jr., MD, FACC 
Birmingham, Alabama 


THE MAMMALIAN MYOCARDIUM, edited by Glenn A. Lan- 
ger and Allen J. Brady. New York, John Wiley, 1974, 310 
pages, $24.50 


The formulation of a comprehensive text on the rapidly ex- 
panding and complex subject of the subcellular function of 
the myocardium is a most ambitious and difficult under- 
taking. Yet, application of the well recognized expertise of 
the editors has resulted in the synthesis of a smoothly orga- 
nized and delightfully readable monograph that provides 
an authoritative perspective on the present state of knowl- 
edge and important insight concerning unsolved problems. 
The book is composed of 10 integrated chapters by out- 
standing investigators: (1) myocardial ultrastructure 
(McNutt and Fawcett); (2) contractile proteins (Katz); (3) 
active transport in mammalian myocardium (Schwartz); 
(4) cardiac energetics (Gibbs); (5) electrophysiology of car- 
diac muscle (Brady); (6) mechanics of the myocardium 
(Brady); (7) ionic movements and control of contraction 
(Langer); (8) adrenergic mechanisms (Rolett); (9) coronary 
circulation (Berne); and (10) myocardial cell failure 
(Fanburg). 

This monograph should serve as an excellent beginning 
reference for a diverse group of students, including gradu- 
ate students in the medical sciences, physicians-in-training 
and academic cardiologists. It is excellent, too, for practic- 
ing specialists and generalists who desire to improve their 
understanding of recent advances in the fundamental 
mechanisms governing cardiac performance. 

Dean T. Mason, MD, FACC 
Davis, California 
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videoangiographic techniques. Ritman EL. 
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Disorders of the autonomic nervous system. 
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25th ANNUAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY 


New Orleans, Louisiana 


Abstracts 


February 23-26, 1976 


Entries must be postmarked no later than September 22, 1975 


Technical Exhibits 


Deadline for requests for space: October 13, 1975 


Scientific Exhibits 


Deadline for requests for space: October 13, 1975 


Young Investigators’ Awards Competition 
Entries must be postmarked no later than October 31, 1975 


For application forms, write Patrick A. Ziarnik, Director, Annual Scientific Session Department, 
American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 
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AMERICAN COLLEGE OF CARDIOLOGY NEWS 


Calendar of Continuing Medical Education Programs 


The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the pro- 
grams are pertinent to direct care of pa- 
tients with heart disease. The need for such 
- programs increases with the ever increasing 
amount of scientific and clinical data, the 
constant changes in technology and meth- 
odology, and the greater availability of thera- 
peutic options. Today most cardiologists, in- 
ternists and family practitioners feel the 
need of supplementing their professional 
reading by direct contact with the authors, 
research workers and leaders in the field. 

To solve these problems the Committee 
selects each year series of carefully super- 


vised programs which are usually preceded 
by extensive consultations with the program 
directors recruited among the foremost spe- 
cialists, educators and scientists in the field 
of clinical cardiology and allied basic 
science disciplines. 

Although each program director is per- 
sonally responsible for the choice of faculty, 
and the structure of the program, the Na- 
tional Committee of Continuing Education 
assumes the overall responsibility for the 
caliber of the postgraduate education and 
the relevance to the practice of cardiology. 
This is accomplished by the processes of 
meticulous scrutiny of the objectives, analy- 
sis of the educational methods, and studying 
the impact of each course on the knowledge 


and attitudes of the participants. 

These programs should help each physi- 
cian to keep up with the new knowledge, to 
put into practice the new advances and to 
retract gracefully from the obsolete and use- 


less practices. An effective practitioner - 


must learn and relearn, listen to new ideas, 





share past experiences and observe the 


work of his peers. The National Program 


Committee for Continuing Medical Education _ 
of the American College of Cardiology be-  . 


lieves that these goals can be accomplished 
by all members and nonmember profession- 
als participating in our continuing education 
programs. 

Borys Surawicz, MD, FACC, Chairman 


National Program Committee um 


Programs and faculty are subject to change. For further information write Mary Anne Mclnerny, Director, Department of Continuing Education 
Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 
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1975 


To be Preceptorships in Cardiology. 
arranged Arthur Selzer, FACC, director. 
individ- Pacific Medical Center, San 
ually Francisco, Calif. 


OCT. 
6-15 


Cardiology for the Consultant: 
A Clinician’s Retreat. E. Grey 
Dimond, FACC, director. Uni- 
versity of MissourimKansas 
City School of Medicine, Kansas 
City, Mo. - 


OCT. 
8-9 


Louis N. Katz Symposium— 
Coronary Artery Disease 1975: 
Dilemma, Dialogue and Deci- 
sion. Sylvan Weinberg, FACC, 
Leonard S. Dreifus, FACC, Her- 
man Hellerstein, FACC, directors 
and Homer D. Cassel, FACC, 
honorary program director. 
Good Samaritan Hospital, Day- 
ton, Ohio 


OCT. New Techniques and Concepts 

9—11 in Cardiology: Pathogenesis, 
Diagnosis and Treatment of Cor- 
onary Atherosclerosis. Stephen 
E. Epstein, FACC, director. 
Washington Hilton Hotel, Wash- 
ington, D.C. 


Disease: Cur- 
William J. 
director and 


Ischemic Heart 
rent Concepts. 
Grace, FACC, 


OCT. 
14-16 


Richard J. Kennedy, FACC and 
James T. Mazzara, FACC, co- 
directors. St. Vincent's Hospital 
and Medical Center of New 
York, New York, N.Y. 


Core Curriculum: Phonocardiog- 
raphy and Pulse Recording— 
Workshop. Morton E. Tavel, 
FACC, director. The Methodist 
Hospital Graduate Medical 
Center, Indianapolis, Ind. 


NOV. 
6-8 


NOV. 
12-14 


Core Curriculum: Echocardiog- 
raphy, Phonocardiography and 
Pulse Tracings—4A Basic Work- 
shop. Alberto Benchimol, FACC, 
director. Scottsdale Hilton Hotel, 
Scottsdale, Ariz. 


Advances in Heart Disease 
1976. Dean T. Mason, FACC, di- 
rector. Fairmont Hotel, San 
Francisco, Calif. 


DEC. 
7-9 


Structure— Function Correla- 
tions in Cardiovascular Disease. 
William C. Roberts, FACC, direc- 
tor. Williamsburg Conference 
Center, Williamsburg, Va. 


DEC. 
7-10 


DEC. Colloquia in Cardiology—Num- 

10 ber 8: Stress and the Heart: The 
Influence and Management of 
Stress in Heart Disease. Robert 
W. Oblath, FACC and Ronald 
Danzig, FACC, directors. Am- 
bassador Hotel, Los Angeles, 
Calif. 
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The Dwight E. Harken Sympo- 
sium: Advances in the Prophyl- 
axis and Therapy of Cardiovas- 
cular Disease. Henry |. Russek, 
FACC, director. Americana Ho- 
tel, New York, N.Y. 


1976 
JAN. 
11-13 


Future 
agement of Cardiac Disease: 
A Bicentennial Viewpoint. 


John H. K. Vogel, FACC, direc- 
tor and Bruce C. Paton, FACC- 
CO- 


and James S. Forrester, 
directors. Snowmass-at-Aspen, 
Aspen, Colo. 


Pediatric 
Richard A. 


JAN. 
19-22 


Core Curriculum: 
Echocardiogranhy. 
Meyer, director 
Kaplan, FACC, 
Children’s — Hospital, 
nati, Ohio 


co-director. 
Cincin- 


FEB. 
23-26 


Twenty-fifth Annual 


New Orleans, La. 


Cardiovascular Disease— 1976: 
Practical 
agement. John Ross, Jr., FACC, 
Robert A. O'Rourke, 


MAR. 
11-13 


Diego, Calif. 


Directions in the Man. | 


and Samuel © 


Scientific — 
Session. Charles Fisch, FACC, | 
president. Marriott Motor Hotel, . 


Diagnosis and Man- 


FACC, 
Joel S. Karliner, FACC and Kirk — 
L. Peterson, FACC, directors. La - 
Costa Resort Hotel and Spa, San. 


417 





re ML aes Nag 


2.1 


i. . A 
3 E PESCA D ME 


- 


rm t PR Spare FIERY ER cac > ity 
CRM Caeci ECL ab Nate aa 


Ee 


Due Epica amy REC. 


.THE WHOLE PAPER 


e Address manuscript to Simon Dack, 
MD, American Journal of Cardiology, 


.. 666 Fifth Ave., New York, NY 10019. 


= e Submit two copies of all elements of 
. the article: text, references, legends, ta- 


bles and figures. 


.* Arrange the paper in this order: (1) 
- title page; (2) abstract; (3) text; (4) ref- 
 erences; (5) legends; (6) tables; and (7) 
figures. 

.* Number all 


pages in above se- 
quence, beginning with title page as 1, 
abstract as 2, etc. 

e Type all matter: (1) on 8% X 11 
opaque white bond paper; (2) in dupli- 


. cate; (3) on one side of each sheet only; 


(4) double-space; (5) leave wide mar- 


- gins, all four sides. 


—— THE TITLE PAGE 


e Include first names, degrees and, 


where applicable, FACC for all authors. 


_@ Provide a short running title of 3 to 6 


-.. words. 
-..* Insert at bottom: name and address 
.. of institution from which work originated 


. plus information about grants. 


e Add at bottom the phrase ‘‘Address 
for reprints: ..." followed by full name 


and address with zip code. 


THE ABSTRACT 


=- @ Limit words as follows: 100 to 250 


LA O nV Ww 


— GE C CTE) DRT ee 
4 “A sss 5 


AR Pb WT 
Ne 


AAR. 


words for major articles; 50 to 100 
words for case reports. 

e Add at end of abstract: list of 2 to 6 
key words and subjects for indexing. 


THE TEXT 


œ Type in duplicate; double-space. 


e Do not use abbreviations such as 


- SVC, WPW: write out; superior vena 


cava, Wolff-Parkinson-White. 


. « Abbreviate measurements (mm, kcal 
and the like) as recommended in the 


Style Manual for Biological Journals, 


American institute of Biological Sci- 


ences, 3900 Wisconsin Avenue, N.W., 
Washington, D. C. 

e Cite in numerical order every refer- 
ence, figure and table. (Order of men- 
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/ INSTRUCTIONS FOR AUTHORS 


The editors of THE AMERICAN JOURNAL OF CARDIOLOGY welcome con- 
cise articles devoted to cardiovascular disease. Articles must be contrib- 
uted solely to THE AMERICAN JOURNAL OF CARDIOLOGY and become the 
property of the Publisher. The Publisher reserves copyright and renewal on 
all published material, and such material may not be reproduced in any form 
without the written permission of the Publisher. Statements in articles are 
the responsibility of the authors. Authors will assist the editors in the prompt 
processing of manuscripts if these instructions are followed: 


tion in text determines the number given 
to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Number the references in order in 
which they are mentioned in text. 

e Provide concluding page numbers for 
all journal references and specific page 
numbers for all book references. Indi- 
cate all abstracts by the abbreviation 
(abstr). 

e Follow the general arrangement, ab- 
breviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

e Number pages in sequence after last 
page of references. 

e Identify at the end of each legend and 
in alphabetical order all abbreviations in 
the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 


e Give each table a number (in roman 
numerals; Table |, Il, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all ab- 
breviations used. 


THE FIGURES 


e Submit 2 glossy prints (not originals) 
of each photo and drawing. 

e Please note that art work of pub- 
lished articles will not be returned. 

e Use black ink for all charts (line 
drawings). Make decimals, broken lines, 
etc. strong enough for reproduction. 

e Use arrows to designate special fea- 
tures. 

e Crop photomicrographs to show only 
essential field. 

e Identify figures on back by number 
and author's name. 

e Number figures in order in which they 
are mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from pub- 
lisher and author to reproduce any pre- 
viously published figures. 

e Limit figures to number necessary for 
clarity. The publisher allows a limited 
sum toward reproduction. 


Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 


31. Bellet S, Feinberg LJ, Sandberg H, et al: 
The effects of caffeine on free fatty acids 
and blood coagulation parameters of dogs. J 
Pharmacol Exp Ther 159: 250-254, 1968 


(Author: please note that no periods are used after authors’ initials.) 


For books (edited by other than author of article): 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ: 
Diseases of the tricuspid valve, chap 20, In, 
Heart Disease in Infants, Children and Ado- 
lescents (Moss AJ, Adams F, ed). Baltimore, 
Williams & Wilkins, 1968, p 134 


For books (with identical author and editor ): 


36. Berne E: Principles of Group Treatment. New 
York, Oxford University Press, 1966, p 26 


(Author: all book references should have specific page numbers) 
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If your angina patient’ 
isnt having 3 out of 4 
better days than usual... 





INDICATIONS: For the prophylaxis and 
long-term treatment of patients with fre- 
quent or recurrent anginal pain and re- 
duced exercise tolerance associated with 
angina pectoris, rather than for the treat- 
ment of the acute attack of angina pec- 
toris, since its onset of action is somewhat 
slower than that of nitroglycerin. 
PRECAUTIONS: As with other effective 
nitrates, some fall in blood pressure may 
occur with large doses. 

Caution should be observed in admin- 
istering the drug in patients with a history 
of recent cerebral hemorrhage, because 
of the vasodilatation which occurs in the 
area. Although therapy permits more 
normal activity, the patient should not be 
allowed to misinterpret freedom from 
anginal attacks as a signal to drop all 
restrictions. 

SIDE EFFECTS: No serious side effects 
have been reported. In sublingual therapy 
a tingling sensation (like that of nitro- 
glycerin) may sometimes be noted at 

the point of tablet contact with the mucous 
membrane. If objectionable, this may be 
mitigated by placing the tablet in the 
buccal pouch. As with nitroglycerin or 
other effective nitrites, temporary vascular 
headache may occur during the first few 
days of therapy. This can be controlled by 
temporary dosage reduction in order to 
allow adjustment of the cerebral hemo- 
dynamics to the initial marked cerebral 
vasodilatation. These headaches usually 
disappear within one week of continuous 
therapy but may be minimized by the 
administration of analgesics. 

Mild gastrointestinal disturbances occur 
occasionally with larger doses and may 
be controlled by reducing the dose tem- 
porarily. 

SUPPLIED: 10 mg chewable tablets, bot- 
tle of 100. Also 5, 10 and 15 mg scored 
tablets in bottles of 100. 10 mg scored 
tablets also supplied in bottle of 1,000. 

Also available: Cardilate- P brand 
Erythrityl Tetranitrate with Phenobarbital" 
(*Warning: may be habit-forming). 

1. Russek Hl: AM J M Sc 239:478, 1960 


PR 


Wellcome 


Research Triangle Park 


/ Burroughs Wellcome Co. 
North Carolina 27709 





Cardilate 


y (ERYTHRITYL TETRANITRATE 


*Please note: unstable angina patients may be refractory to all long-acting nitrates 


"Pain days" significantly re- 
duced with Cardilate* (eryth- 
rity! tetranitrate) in 48-patient 
study.’ Patients on placebo ex- 
perienced same pain as usual 
or increased pain 2 days out of 
3...compared to 1 day out of 4 
while on Cardilate. 


Effective prophylaxis against 
attacks; increases exercise tol- 
erance. Serious side effects 
have not been reported in 20 
years clinical use. 





Rapid-acting chewable tablets 
(10mg) preferred by many pa- 


tients. Should be given before 


anticipated periods of stress to 
produce an action within 5 
minutes and lasting up to 2 
hours. Sublingual tablets also 


available. 


Cardilate can save patients 
money; is less expensive than 
many popular long-acting ni- 
trates. 20% to 30% savings not 
uncommon...also helps re- 
duce need for nitroglycerin. 


disi dO E 


f 


E Hd 
Ari wu UT te 


SE 


rhe 
A re” 


eee VAS 


The First Real Advance 
in Blood Pressure 
Measurement since the 
Stethoscope... 


Eliminating it. 
SphuygmoStat 
ELECTRONIC 
BLOOD PRESSURE 
MONITORS 






THE z 
PROFESSIONAL B-350 


Discrete solid-state with large 
dial, flasher and battery level 


indicator. d $175.00 


— Qh Complete 
Qe *. 


NE 


THE 
PERSONAL B-250 
Integrated circuitry with LED 


flasher. $135.00 
Complete 


Both models penlite-battery 
operated. 


W Eliminate stethoscope 
@ Highly accurate, easy to use 
WE Patients can take own 
blood pressure, permit- 
ting medication only 
when indicated 


Please send.  SphygmoStat 
Model. .—  .  Á to: 
Name 

Address 
Ciy. —— . . State 3 Zip 
Payment enclosed: $ 


Mail to: 


TECHNICAL RESOURCES, INC. 
14 Green Street 
Waltham, Mass. 02154 
Telephone: (617) 899-3741 





BOOST 


the efficiency of 


your staff 


New 3rd Edition! COMPREHENSIVE CARDIAC 
CARE, A Text for Nurses and Other Health Pro- 
fessionals. By Kathleen G. Andreoli, R.N., B.S.N., 
M.S.N.; Virginia K. Hunn, R.N., B.S.N.; Douglas P. 
Zipes, M.D.; and Andrew G. Wallace, M.D. Emphasiz- 
ing fundamental principles, this leading book dis- 
cusses coronary artery disease and complications; 
physical examinations; management of patients with 
pace-makers; and more. October, 1975. Approx. 288 
pp., 959 illus. About $7.25. 


A New Book! CARE OF THE CARDIAC SURGICAL 
PATIENT. By Ouida M. King, R.N.; with 7 contri- 
butors. Coverage details all current innovations and 
problems in areas vital to well-trained personnel who 
care for patients undergoing heart surgery. Septem- 
ber, 1975. Approx. 272 pp., 177 illus. About $12.95. 


A New Book! SPATIAL ANALYSIS OF THE 
ELECTROCARDIOGRAM: A Program. By /rwin 
Hoffman, M.D.; Julien H. Isaacs, M.D.: James V. 
Dooley, M.D.; Phil R. Manning, M.D.; and Donald A. 
Dennis, Ph.D. In programmed form, three sections 
provide material necessary for spatial analysis of any 
electrocardiogram: orientation of frontal plane leads, 
mean frontal QRS vector, and mean horizontal QRS 
vector. May, 1975. 160 pp., 199 illus. Price, $6.95. 


CARDIAC ARRHYTHMIAS: Exercises in Pattern 
Interpretation. By Mary H. Conover, R.N., B.S.N.Ed. 
Common and rare patterns — more than 200 — are 
included for personal diagnosis. The reader is prompt- 
ed to make the step-by-step deductions that will lead 
to an accurate conclusion and supplied with an 
analysis by the author of how a correct diagnosis 
could be reached. 1974, 302 pp., 234 ECG tracings. 
Price, $8.95. 


New 2nd Edition! A COMMONSENSE APPROACH 
TO CORONARY CARE. By Marielle Ortiz Vinsant, 
R.N., B.S.; Martha I. Spence, R.N., B.S., M.N.; and 
Dianne Chapell Hagen, R.N., B.S. Focusing on major 
problems associated with acute myocardial infarction, 
this new book discusses anatomy and physiology, 
chemical imbalances, basic electrophysiology, diag- 
noses of acute myocardial infarction, and more. 
December, 1975. Approx. 272 pp., 439 illus. About 
31,25, 


MOSBY 


TIMES MIRROR 


THE C. V. MOSBY COMPANY 
11830 WESTLINE INDUSTRIAL DRIVE 
ST LOUIS. MISSOURI 63147 


In the shock syndrome 
due to myocardial infarction 





See last page of this advertisement for full prescribing information. 


The drug for the heart 
that reflects itself in the kidney 


INTROPIN 
(dopamine HCI) 


Intropin* (dopamine HCl) provides a positive approach in the cor- 
rection of hemodynamic imbalances in the shock syndrome due to 
myocardial infarction. Intropin is a drug to consider after you have 
established an adequate airway and corrected existing hypovolemia. 

Intropin is a unique catecholamine that does what you want it 
to do — increase cardiac output, increase vital organ perfusion 
and increase urine output without increasing the likelihood of 
serious undesirable effects. 

A key to increased survival of the shock episode is to initiate 
Intropin therapy as soon as practical after the onset of signs, since 
the patients most likely to respond are those whose myocardial 
function, urine output and blood pressure have not undergone 
profound deterioration. The less time between onset of signs and the 
initiation of shock therapy, the better the prognosis. 

Intropin must be diluted in a suitable intravenous solution and 
given by I. V. drip. 


Increase vital organ perfusion and urine output 

Intropin provides increased vital organ perfusion and can signifi- 
cantly increase urine flow in the low-to-moderate dosage range. In- 
creased urine output (plus accompanying sodium excretion) is caused 
by an increase in the renal blood flow and glomerular filtration. 

In contrast, other catecholamines do not consistently increase 
(and often decrease) urine output. 

Intropin may also increase urine output in patients whose out- 
put is within normal limits and thus may be of value in reducing 
the degree of pre-existing fluid accumulation. 

When high doses (above 30 mcg/kg/min) of Intropin are 
administered, urine flow may decrease, and a dosage reduction 
may be necessary. 

Increase in cardiac output, stroke volume and contractility 
Intropin substantially increases contractility, stroke volume and 
cardiac output by acting on the beta receptors of the heart. 

The myocardial oxygen supply/demand ratio appears to remain 
stable with Intropin at low to intermediate doses. Intropin produces 
less increase in myocardial oxygen consumption than isoproterenol. 
Increase blood pressure 
Low-to-moderate doses of Intropin are usually sufficient to man- 
age hypotension due to inadequate cardiac output. At these doses, 
Intropin does not typically increase total peripheral vascular 
resistance. Blood flow to the mesenteric area may increase while 
circulation in the peripheral vascular beds may decrease. 

Before administering Intropin, the physician should be familiar 
with the effects of the drug at various dose levels (see chart). Note 
especially the paradoxical results of Intropin at the higher ranges 
(over 30 mcg/kg/min) — increased systemic vascular resistance 
plus a decrease in renal blood flow and urine output. These phe- 
nomena can be reversed, if desired, by reducing the dose. 


Increase dosage control 

Intropin has a half life of approximately 1.75 minutes, and the 
positive effects of the drug usually dissipate within 10 minutes 
after discontinuing the medication. 

As shown in the chart, the positive effects of Intropin vary with 
the dose levels administered. Before using the drug, physicians 
are advised to familiarize themselves with the Intropin dose phe- 
nomena — particularly as they relate to the kidney. 





see last page of this advertisement for full prescribing information. 





The effects of Intropin dopamine HC) 


at low, intermediate and high dose levels 


Cardiac Output 
Stroke Volume 
Heart Rate 


Myocardial 
Contractility 
*Potential for 
Excessive Myocardial 
Oxygen Demands 


*Potential for 
Tachyarrhythmias 
Total Systemic 
Vascular Resistance 
Renal Blood Flow 
Urine Output 


Intropin educational materials available 


Low Dose 


2-5 mcg/kg/min 


no change 
no change 
no change 


no change 
low 


coronary blood 
flow increased 


low 

slight decrease 
to no change 
increase 
increase 


Intermediate Dose 
57290 mcg/kg/min 


Increase 


Increase 


High Dose 

over 30 mcg/kg/min 
Increase 

Increase 


there is an initial increase followed by a 
decrease toward normal rate as infusion 


continues 


Increase 
low 


coronary blood 
flow increased 


low 

no change to 
slight increase 
increase 
increase 


Increase 
data unavailable 


moderate 
Increase 


decrease 
decrease 


Useful Intropin educational materials (including dosage converters; training kits for critical 
care personnel; a 20-minute instructional film with accompanying literature; and published 
clinical reprints) may be obtained through your Arnar-Stone representative, or by contacting 
Arnar-Stone Laboratories, Inc., directly. 


See last page of this advertisement for full prescribing information. 





/ ^N ARNAR-STONE LABORATORIES, INC. 
601 E. Kensington Rd. 


S Mt. Prospect, Illinois 60056 


*Low but needs monitoring 
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INTROPIN dopamine HCl) 


5 ml. AMPUL/FOR I.V. INJECTION 


DESCRIPTION: INTROPIN (dopamine alt is 3,4-dihydroxyphenethylamine hydrochloride, a 
crie Rapa biochemical catecholamine precursor of norepinephrine. The chemical 
structure is: 


HO CH2CH2NH? - HCI 


CsHs:NO2 - HCI HO Mol. Wt. 189.65 


Dopamine hydrochloride is a white, odorless crystalline powder, freely soluble in water and 
soluble in alcohol. It is sensitive to light, alkalis, iron salts and oxidizing agents. 

Each milliliter of sterile, pyrogen-free INTROPIN Injection contains 4 mp. of dopamine 
hydrochloride (equivalent to 32.96 mg. of dopamine base) in Water for Injection, USP, 
containing 1% sodium bisulfite as a preservative. 


ACTIONS: INTROPIN exerts an inotropic effect on the myocardium resulting in an increased 
cardiac output. INTROPIN produces less increase in myocardial oxygen consumption than 
o sea UE. and its use is usually not associated with a tachyarrhythmia. Clinical studies 
indicate that INTROPIN usually increases systolic and pulse pressure with either no effect or a 
slight increase in diastolic pressure. Total peripheral resistance at low and intermediate 
therapeutic doses is usually unchanged. Blood flow to peripheral vascular beds may decrease 
while mesenteric flow increases. INTROPIN has also been reported to dilate the renal vascula- 
ture presumptively by activation of a ‘‘dopaminergic”’ receptor. This action is accompanied by 
increases in glomerular filtration rate, renal blood flow, and sodium excretion. An increase in 
T output produced by dopamine is usually not associated with a decrease in osmolality of 
e urine. 


INDICATIONS: INTROPIN is indicated for the correction of hemodynamic imbalances present in 
the shock syndrome due to myocardial infarctions, trauma, endotoxic septicemia, open heart 
surgery, renal failure, and chronic cardiac decompensation as in congestive failure. 
here appropriate, restoration of blood volume with a suitable panne expander or whole 

blood should be instituted or completed prior to administration of INTROPIN. ; 

Patients most likely to respond adequately to INTROPIN are those in whom physiological 
parameters, such as urine flow, myocardial function, and blood pressure, have not undergone 
profound deterioration. Multiclinic trials indicate that the shorter the time interval between onset 
of signs and symptoms and initiation of therapy with volume correction and INTROPIN, the 
better the prognosis. 


Poor Perfusion of Vital Organs—Urine flow appears to be one of the better diagnostic signs by 
which adequacy of vital organ perfusion can be monitored. Nevertheless, the physician should 
also observe the patient for signs of reversal of confusion or comatose condition. Loss of pallor, 
increase in toe temperature, and/or adequacy of nail bed capillary ou may also be used as 
indices of adequate dosage. Clinical studies have shown that when INTROPIN is administered 
before urine flow has diminished to levels approximately 0.3 ml./minute, prognosis is more 
favorable. Nevertheless, in a number of oliguric or anuric patients, administration of INTROPIN 
has resulted in an increase in urine flow which in some cases reached normal levels. INTROPIN 
may also increase urine flow in patients whose output is within normal limits and thus may be of 
value in reducing the degree of pre-existing fluid accumulation. It Should be noted that at doses 
above those optimal for the individual patient, urine flow may decrease, necessitating reduction 
of dosage. Concurrent administration of INTROPIN and diuretic agents may produce an additive 
or potentiating effect. 


Low Cardiac Output—Increased cardiac output is related to INTROPIN's direct inotropic effect on 
the myocardium. Increased cardiac output at low or moderate doses appears to be related to a 
favorable prognosis. Increase in cardiac output has been associated with either static or 
decreased systemic vascular resistance VR Static or decreased SVR associated with low or 
moderate increments in cardiac output is believed to be a reflection of differential effects on 
specific vascular beds with increased resistance in peripheral beds (e.g. femoral) and con- 
comitant decreases in mesenteric and renal vascular beds. Redistribution of blood flow parallels 
these changes so that an increase in cardiac output is accompanied by an increase in mesenteric 
and renal blood flow. In many instances the renal fraction of the total cardiac output has been 
found to increase. Increase in cardiac output produced by INTROPIN is not associated with 
substantial decreases in systemic vascular resistance as may occur with isoproterenol. 


Hypotension—Hypotension due to epe cardiac output can be managed by administration 
of low to moderate doses of INTROPIN, which have little effect on SVR. At high therapeutic 
doses, INTROPIN's alpha mnc activity becomes more prominent and thus may correct 
hypotension due to diminished SVR. As in the case of other circulatory decompensation states, 
prognosis is better in patients whose blood pressure and urine flow have not P 
profound deterioration. Therefore, it is suggested that the physician administer INTROPIN as 
soon as a definite trend toward decreased systolic and diastolic pressure becomes evident. 


CONTRAINDICATIONS: INTROPIN should not be used in patients with pheochromocytoma. 


WARNINGS: INTROPIN should not be administered in the presence of uncorrected tachyarrhyth- 
mias or ventricular fibrillation. 

a NOT add INTROPIN to any alkaline diluent solution, since the drug is inactivated in alkaline 
solution. 

Patients who have been treated with monamine oxidase Myer inhibitors prior to the 
administration of INTROPIN will require patently reduced dosage. Dopamine is 
metabolized by MAO, and inhibition of this enzyme prolongs and potentiates the effect of 
Mie The starting dose in such patients should be reduced to at least one-tenth (1/10) of 
the usual dose. 


Ps in Pregnancy—Animal studies have revealed no evidence of teratogenic effects from 
INTROPIN. In one study, administration of INTROPIN to pregnant rats resulted in a decreased 
survival rate of the newborn and a potential for cataract formation in the survivors. The drug 
may be used in pregnant women when, in the judgment of the physician, the expected benefits 
outweigh the potential risk to the fetus. 

Usage in Children—The safety and efficacy of this drug in children has not been established. 
INTROPIN has been used in a limited number of pediatric patients, but such use has been 
inadequate to fully define proper dosage and limitations for use. Further studies are in progress. 
PRECAUTIONS: Avoid Hypovolemia—Prior to treatment with INTROPIN, hypovolemia should be 
fully corrected, if possible, with either whole blood or plasma as indicated. 

Decreased Pulse Pressure—lf a disproportionate rise in the diastolic pressure (i.e. a marked 
decrease in the pulse pressure) is observed in patients receiving INTROPIN, the infusion rate 
should be decreased and the patient observed carefully for further evidence of predominant 
vasoconstrictor activity, unless such an effect is desired. 
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Extravasation—INTROPIN should be infused into a large vein whenever possible to prevent the 

possibility of extravasation into tissue adjacent to the infusion site. Extravasation may cause 

necrosis and sloughing of surrounding tissue. Large veins of the antecubital fossa are preferred 

to veins in the dorsum of the hand or ankle. Less suitable infusion sites should be used only if 

the patient's condition requires immediate attention. The physician should switch to more 

A sites as rapidly as possible. The infusion site should be continuously monitored for free 
OW. 


Occlusive Vascular Disease—Patients with a je, of occlusive vascular disease (for example, 


atherosclerosis, arterial embolism, Raynaud's disease, cold injury, diabetic endarteritis, and 
Buerger's disease) should be closely monitored for any changes in color or temperature of the 


skin in the extremities. If a change in skin color or temperature occurs and is thought to be the — 


result of compromised circulation to the extremities, the benefits of continued INTROPIN 
infusion should be weighed against the risk of possible necrosis. This condition may be 
reversed by either decreasing or discontinuing the rate of infusion. 


IMPORTANT—Antidote for Peripheral Ischemia: To prevent sloughing and necrosis in ischemic 
areas, the area should be infiltrated as soon as possible with 10 to 15 ml. of Saline solution containing 
from 5 to 10 mg. of Regitine® (brand of phentolamine), an adrenergic blocking agent. A syringe with a 
fine hypodermic needle should be used, and the solution liberally infiltrated throughout the ischemic 
area. Sympathetic blockade with phentolamine causes immediate and conspicuous local hyperemic 
changes if the area is infiltrated within 12 hours. Therefore, phentolamine should be given as soon as 
possible after the extravasation is noted. 














Avoid Cresent or Halogenated Hydrocarbon Anesthetics—Cyclopropane or halogenated hydro- 
carbon anest 


tion appears to be related both to pressor activity and to beta adrenergic stimulating properties 
of these catecholamines. Therefore, as with certain other catecholamines, and because of the 
theoretical arrhythmogenic potential, INTROPIN should be used with EXTREME CAUTION in 
patients inhaling cyclopropane or halogenated hydrocarbon anesthetics. 


Careful Monitoring Required—Close monitoring of the following indices—urine flow, cardiac 


output and blood pressure—during INTROPIN infusion is necessary as in the case of any aa 


adrenergic agent. 


ADVERSE REACTIONS: The most frequent adverse reactions observed in clinical evaluation of j 


INTROPIN included ectopic beats, nausea, vomiting, tachycardia, anginal pain, palpitation, 
dyspnea, headache, hypotension, and vasoconstriction. Other adverse reactions which have 
been reported infrequently were aberrant conduction, bradycardia, piloerection, widened QRS 
complex, azotemia, and elevated blood pressure. 


DOSAGE AND ADMINISTRATION: 
WARNING: This is a potent drug: It must be diluted before administration to patient. 


Suggested Dilution—Transfer contents of one ampul (5 ml. pepe 200 mg. INTROPIN) by 
aseptic technique to either a 250 ml. or 500 ml. bottle of one of the following sterile intravenous 


solutions: 
1) Sodium Chloride Injection, USP 5) Dextrose (5%) in Lactated Ringer's 


2) Dextrose 5% Injection, USP Solution 
3) Dextrose (5%) and Sodium Chloride 6) Sodium Lactate (1/6 Molar) 
(0.9%) Injection, USP Injection, USP 


4) 5% Dextrose in 0.45% Sodium 
Chloride Solution 


These dilutions will yield a final concentration for administration as follows: 
250 ml. dilution contains 800 mcg./ml. of INTROPIN 
500 ml. dilution contains 400 mcg./ml. of INTROPIN 
INTROPIN has been found to be stable for a minimum of 24 hours after dilution in the sterile 
intravenous solutions listed above. However, as with all intravenous admixtures, dilution 
should be Lr pa to administration. 
Do NOT add INTROPIN Injection to 5% Sodium Bicarbonate or other alkaline intravenous 
solutions, since the drug is inactivated in alkaline solution. 


Rate of Administration—INTROPIN, after dilution, is administered intravenously through a 
suitable intravenous catheter or needle. Ani.v. drip chamber or other suitable metering device 
is essential for controlling the rate of flow in Leges Each patient must be individually 
titrated to the desired hemodynamic and/or renal response with INTROPIN. In titrating to the 
desired increase in systolic blood pressure, the optimum dosage rate for renal response may be 
exceeded, thus necessitating a reduction in rate after the hemodynamic condition is stabilized. 
Administration at rates greater than 50 mcg./kg./min. have safely been used in advanced 
circulatory decompensation states. If unnecessary fluid expansion is of concern, adjustment of 
ly concentration may be preferred over increasing the flow rate of a less concentrated 
ilution. 
Suggested Regimen: 
1. When appropriate, increase blood volume with whole blood or plasma until central venous 
pressure is 10 to 15 cm Hz0 or pulmonary wedge pressure is 14-18 mm Hg. 
2. Begin administration of diluted solution at doses of 2-5 Dig Sl gy a INTROPIN in 
patients who are likely to respond to modest increments of heart force and renal perfusion. 
In more po age ill patients, begin administration of diluted solution at doses of 5 
mcg./kg./minute INTROPIN and increase gradually using 5 to 10 Uc ./minute increments 
up to 20 to 50 mcg./kg./minute as needed. If doses of INTROPIN in excess of 50 
mcg./kg./minute are required, it is suggested that urine output be checked fre SA Should 
urine flow begin to decrease in the absence of hypotension, reduction of INTROPIN dosage 
should be considered. Multiclinic trials have shown that more than 50% of the patients were 
satisfactorily maintained on doses of INTROPIN less than 20 mcg./kg./minute. In patients who 
do not respond to these doses with adequate arterial pressures or urine flow, additional 
increments of INTROPIN may be employed in an effort to produce an appropriate arterial 
pressure and central perfusion. 
3. Treatment of all patients requires constant evaluation of therapy in terms of the blood volume 
Teens of myocardial contractility, and distribution of peripheral perfusion. Dosage o 
INTROPIN should be adjusted according to the patient's response, with particular attention to 
diminution of established urine flow rate, increasing tachycardia or development of new 
dysrhythmias as indices for decreasing or temporarily suspending the dosage. 
4. As with all potent intravenously administered drugs, care should be taken to control the rate of 
administration so as to avoid inadvertent administration of a bolus of drug. 


OVERDOSAGE: In case of accidental overdosage, as evidenced by excessive blood pressure 
elevation, reduce rate of administration or temporarily discontinue INTROPIN until patient's 
condition stabilizes. Since INTROPIN's duration of action is quite short, no additional remedial 
measures are usually necessary. If these measures fail to stabilize the patient's condition, use of 
the short-acting alpha adrenergic blocking agent, phentolamine, should be considered. 


HOW SUPPLIED: 5 ml. ampuls containing 40 mg. dopamine HCI per milliliter. 


VANN ARNAR-STONE LABORATORIES, INC. 
= Mount Prospect, Illinois 60056 
A Subsidiary of American Hospital Supply Corporation 


7) Lactated Ringer's Injection, USP 
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etics increase cardiac autonomic irritability and therefore may sensitize the — ; 
myocardium to the action of certain intravenously administered catecholamines. This interac- 








Sheathed in metal, sealed with an electron beam, the Edwards Model 8116 Pacemaker - 
is designed for survival in the hostile environment of the human body. 


Body fluids create a hostile 
environment for sensitive electronic 
circuits. It takes only a few sodium ions, 
seeping through microscopic pores, to 
jeopardize the integrity of a pacemaker's 
internal electronics. 

Five years of research have now 
resulted in an improved type of pacemaker 
package specifically designed to minimize 
the danger of infiltration by body fluids. 
The Edwards Laboratories’ Model 8116 
Ventricular Inhibited Pulse Generator is 
totally enclosed in a metal container and 
hermetically sealed with an electron beam. 


A pacemaker is only as good | 
as its bon 








Safety, the major consideration. 
The Model 8116 exterior case is fabricated 
from Haynes Alloy 25, a biologically 
compatible material. The metal enclosure, 
encasing both electronics and power 
supply, also provides extra protection 
against electromagnetic interference, and 
results in a reduced profile, 

But the ultimate question is the 
safety and integrity of the exterior seals. 
Every Model 8116 Pacemaker undergoes 
two separate evaluation checks, once to 
test the glass-to-metal electrical seal of 
the connector, and again to test the 
electron-beam bond that seals the metal 
enclosure. 

Protection in depth. Additional 
safety factors include a chemical system 
for entrapping hydrogen gas (liberated 
during battery discharge), the strength of 
the metal enclosure itself, and the elec- 
tronic filters and metallic shields that pro- 
tect against electromagnetic interference. 
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Further reliability and safety are. 
provided by an improved type of battery, uo 
the RM-1 Group Il Mallory Mercury Cell. 1 
Stable timing circuits give advanced dA 
warning when batteries near the end of: 4 
¥ 


their useful life. Reflecting these i improve- = 
ments, the Model 8116 Pacemaker carries - 
a 48-month warranty and replacement 
allowance. 
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For a demonstration of the Model - A 
8116, as an integral part of the complete 3 
Edwards Cardiac Pacemaker System, e 


contact Edwards Laboratories, PO. Box 3 
11150, Santa Ana, California 92711, 714/ T 
557-8910, Cable: EDSLAB, Telex: 68: 5567. 
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The art of antianginal therapy 


For centuries, treating the heart’s ills has been the subtlest of 
arts. Even today, evaluating a drug for chronic angina 
pectoris involves the art of medicine as well as its science. 


During more than a decade of clinical experience, 

. compounding both science and art, Persantine has often 
been found useful in the long-term management of chronic 
angina pectoris.* It may: 

eliminate or reduce the frequency of anginal attacks 


improve exercise tolerance 


reduce nitroglycerin requirements 


Give enough, long enough—The recommended dosage: 
50 mg t.i.d. at least one hour before meals for several 
weeks or longer. 


P ersa ntine ..... of 25 mg 


dipyridamole 


One of a series of paintings of 
the heart in the style of 
well-known artists. 


The Heart...in the style of 
Georges Braque (1882-1963) 


He and Picasso are considered 
the originators of cubism, 
which may be viewed as the 
classical form of expression for 
a chaotic world. Braque liked 
best to paint still life. 


"INDICATIONS —Based on à review of 
this drug by the National Academy of 
Science-National Research Council - 
and/or other information, FDA has clas- 
sified the indication as follows: 


“Possibly” effective: For long-term ther- 
apy of chronic angina pectoris. 
Prolonged therapy may reduce the fre- 


quency or eliminate anginal epi- 
sodes, improve exercise tolerance, and 
reduce nitroglycerin requirements. The 
drug is not intended to abort the acute 
anginal attack. 


Final classification of the less-than- 
effective indications requires further 
investigation. 





CONTRAINDICATIONS — No specific contra- 
indications are known. 


PRECAUTIONS — Since excessive doses can 
produce peripheral vasodilation, the drug 
should be used cautiously in patients with 
hypotension. 


ADVERSE REACTIONS — Adverse reactions 
are minimal and transient at recommended 
dosages. Instances of headache, dizziness, 
nausea, flushing, weakness or.syncope, mild 
gastrointestinal distress and skin rash have 
been noted during therapy. Rare cases of 
what appeared to be an aggravation of an- 
gina pectoris have been reported, usually at 
the initiation of therapy. On those uncom- 
mon occasions when adverse reactions have 
been persistent or intolerable, with- 

drawal of medication has been followed 
promptly by cessation of undesirable 
symptoms. 


DOSAGE AND ADMINISTRATION —The rec- 
ommended dosage is 50 mg. (2 tablets) 
three times a day, taken at least one hour 
before meals. In some cases higher doses 
may be necessary but a significantly in- 
creased incidence of side effects is asso- 
ciated with increased dosage. Clinical 
response may not be evident before the sec- 
ond or third month of continuous therapy. 


For complete details, please see the full 
prescribing information. 


Boehringer Ingelheim 


Boehringer Ingelheim Ltd. 
Elmsford, N.Y. 10523 
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When an appropriate dose of Xylocaine is administered by 
the intramuscular (deltoid) route, effective antiarrhythmic 
blood levels are usually attained within 5-15 minutes and 

may persist for 60-90 minutes. Xylocaine Intramuscular is ae 
specifically indicated in the acute management of life- Ji 
threatening ventricular arrhythmias when justified: X 


* byaphysician when ECG equipment is not available to m 
verify diagnosis, but potential benefits may outweigh 
possible risks 

* byaphysician when IV facilities are not available 


* by paramedical personnel in a mobile coronary care unit 4 
directed by a physician viewing a transmitted ECG 
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New Xylocaine (lidocaine) HCI d 
Intr amuscular injection for cardiac arrhythmias E 


Usual dosage: For the average 150 Ib man, 3 ml (300 mg) 
injected in deltoid muscle. See complete instructions in 













Before prescribing or administering, please 
consult complete product information, a 
iummary of which follows: 
contraindications: Patients with known 
1ypersensitivity to local anesthetics of the 
imide type, and patients with Adams-Stokes 
iyndrome or severe degrees of sinoatrial, 
itrioventricular or intraventricular block. 
Warnings: ASPIRATE FREQUENTLY TO 
AVOID INADVERTENT INTRAVAS- 
-ULAR ADMINISTRATION. 

zCG monitoring is recommended. However 
n emergency situations when a physician 
iuspects ventricular arrhythmia and ECG 
'quipment is not available, a single dose 
nay be administered when the physician 
determines potential benefits outweigh possi- 
dle risks. If possible, have emergency resus- 
ritative drugs and equipment immediately 
wwailable to manage potential adverse re- 
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package insert. 































actions involving cardiovascular, respiratory, 
or central nervous systems. 

Intramuscular use of Xylocaine* may result 
in increased creatine phosphokinase levels 
and compromise the use of this enzyme deter- 
mination, without isoenzyme separation, in 
diagnosing acute myocardial infarction. 
Pediatric use is not recommended. 
Precautions: Observe usual precautions in 
the presence of impaired renal or hepatic 
function, hypovolemia and shock, and all 
forms of heart block. 

Adverse Reactions: Although serious 
adverse reactions to Intramuscular Xylocaine 
have been rare, the following previously 
have been reported following lidocaine 
administration: 
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1. Central Nervous System—lightheadedness; 
drowsiness; dizziness; apprehension; eupho- 
ria; tinnitus; blurred or double vision; vomit- 
ing; sensations of heat, cold, or numbness; 
twitching; convulsions; unconsciousness; 
respiratory depression and arrest. 

2. Cardiovascular System—hypotension; 
cardiovascular collapse; bradycardia which 
may lead to cardiac arrest. 

Cross-sensitivity with procainamide or quini- 
dine has not been reported. 

Soreness at injection site, occasionally. 
Supplied in 5 ml ampules, in cartons of 10. 
Each ml contains 100 mg of Xylocaine HCI 
and sodium hydroxide to adjust pH. A 3 ml 
injection provides the recommended dose. 
FOR INTRAMUSCULAR USE ONL Y. 


Astra Pharmaceutical Products, Inc. 
Worcester, Massachusetts 01606 


75-0155 
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AND NOW A FULL 
RANGE OF CARDIAC W 

hether a cross sectional view of the 
IMAGING WITH heart is required from the SSD-100 in- 
strument; a multi-channel record is nec- 
essary from the SSD-90 Polygraph; 


accurate, multiplexed visualization is 
required from the SSD-80 Cardiograph 
or a conventional time-motion scan by 
the SSD-110 Echo Cardiograph will suf- 
FCHO-CARDIOGRAPHY fice, Aloka offers a family of superior in- 
struments to the discerning user. 


SSD-110 
ECHOCARDIO- 
GRAPH 


Split screen display of 
ultrasonic cardiogram in 
M-Mode and ECG wave- 
form. 





SSD-80 
ULTRASONIC 
CARDIOGRAPH 


Split screen or full screen 
overlapping display of 
ultrasonic cardiogram in 
M-Mode, plus four (4) ad- 
ditional channels for the 
biological signals syn- 
chronized to the 
R-Wave. 


SSD-90 UCG 
POLYGRAPH 


Split screen or full screen 
overlapping display of 
ultrasonic cardiogram in 
M-Mode, plus ECG, PCG, 
ACG, and carotoid pulse 
signals, synchronized to 
the R-Wave. System in- 
cludes recorder, camera 
and amplifiers for all § 
channels. 


SSD-100 HEART 
CROSS-SECTION 





Two dimensional, stop-action image of 
a heart section formed by a composite 
of multiple B-Scan recordings at user- 
selected point in QRS complex. 


For further information contact T. C. Cannon 


GRUMMAN HEALTH SYSTEMS 


400 Crossways Park Drive 
Woodbury, New York 11797 





N^ oth srnitreslyc rin tal at : 
offers you all wen these advantages: 


" 

> Mew level of stability" 
MI& without sacrifice of disintegration time : 
without sacrifice of bioavailability ` 


New level of tablet elegance 
™ - Minimal crumbling or powdering; controlled 
a d nitroglycerin volatility; yet disintegrates in vitro as 
^ (nitroglycerin tablets US) | quickly as other nitroglycerin tablets tested; 
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| : Sublingual Table minimum deterioration with time or exposure 4 
f $ ise: Federal law t 1 
i Sing without prese" é ~ ; 
Pusossos 2 pompes o£ New level of convenience ; 
i ` BIC: " 2 Color-coded tablets as well as labels for easier : 
E. ITROPRI : Wa oot identification; lessens patient confusion; eases 1 
x (nitroglycerin tablets S, Pner/Chil patient conversion (strength or brand). E 





- t Sublingual Tab 
n: Federal law pron? 
Sing without pres? v 


. $100 v 
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Please send patient-starter samples of NITROPRN™ u 
(nitroglycerin, USP) sublingual tablets. i 
; 

Dr. 5! 
Es 

r 

Street j 
EEE ee 
City State Zip 


Authorized Signature | 





. The most stable 
: nitroglycerin tablet yet 


: ALL NITROGLYCERINS START OUT POTENT. HOWEVER, DELIBERATELY DEMANDING 
E TEST CONDITIONS SHOWED NITROPRN RETAINED POTENCY LONGER: 





2 STABILITY RESULTS 


Room Temperature Storage in Open Containers 


After 1 week, NITROPRN could deliver 90% 
NironnT nitroglycerin; after 4 weeks, it could still deliver 
OU DEN 76% nitroglycerin potency. Yet NITROPRN 

in vitro disintegration time is either superior or 
equal to that of other brands of nitroglycerin 





% OF NITROGLYCERIN REMAINING 








E ALL OTHER tablets tested. This consistent level of stability 
L —! cdit insures potency from tablet to tablet, and 
A BELOW THIS LEVEL assures the angina patient the protection he 
5 needs from attack to attack. 
H Yet NITROPRN costs only 
$ pennies more than other nitroglycerins. 
| (Patients sometimes leave their nitroglycerin exposed. The open-dish method, 
( a most demanding stability test, A aan that Nitroprn retains its potency 
E even under extreme exposure, thus protecting even careless patients.) 
E TM 
(nitroglycerin, USP) sublingual tablets q/2008 | q/iS08n | atone 








T OCSNUOENWUECUTO 









classic therapy 
enhanced by 
innovations of 
modern technology 
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First Class 
Permit #2 


Morris Plains 
New Jersey 
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NO POSTAGE NECESSARY IF MAILED IN THE UNITED STATES 


^ 
E BUSINESS REPLY MAIL 
S 






j Postage will be paid by: Warner /Chilcott 

) Division, 
Warner Chilcott M Company, 
Division, New Jersey 07950 


Warner-Lambert Company, 
201 Tabor Road, 
Morris Plains, New Jersey 07950 


— Attention: P. J. Martin 


“Methods used: The semi-automated Content 
Uniformity Assay based on the procedure of 
Fusari, S.: J. Pharm. Sci. 62:122 (1973), with 
modifications by the Applied Analytical Research 


Lahoratories of Warner-l amhert Camnanu Nata 
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BORRO WING John H. Laragh J.N. Cohn K. Engelman 
Sir George Pickering V. DeQuattro J.E. Sealey 
E.A. Lew J. Giese C.R. Ayers 
THI S E.D. Freis A.R. Christlieb J.A. Wilber 
H.R. Brunner A.F. Lever J. Koch-Weser 
B O v. P A.C. Guyton J.C. Hunt P. Kincaid-Smith 
K: A L. Tobian, Jr. F.R. Buhler F.A. Finnerty 
| | H.P. Dustan E.G. Biglieri E.D. Vaughan 
"WEAR. D.R. LaBarthe 
YORKE MEDICAL BOOKS asco | 


1666 Fifth Avenue, New York, New York 10019 i 
BETTER 


OWN YOUR | Send me, postage paid, 
OWN! 





copies of Laragh’s Hyper- i 
tension Manual: Mechanisms, Methods and Management. i 
| Price: $37.00* each. (Foreign, add $2.00 for postage and | 
i handling.) i 


| O Full payment enclosed. O Please bill me. O Intern, Resident, Student | 


LARAGH'S 


| (Special Price $35.00) | 

HYPERTENSION ie | 
pocalty. ruv ns eC VR E cee E pal 

MANUAL NAME : v uw rU TR 

Edited by John Laragh, M.D.—A classic treatise | ADDRESS | 

for understanding, diagnosing and treating i : 

Hypertension. Published in February, 1974, or coe epar rp cr | 

it’s already a Standard reference work. *Plus appropriate Sales Tax if in New York State i 

—970 pages, 150 illustrations— MR quini. uan “cipal. e sud. dies GEN. QUIA iub cones disp. Mm me^ M EE 





MN CW: Ambulatory ZA > 


Blood Pressure Recorder. — 


Smaller, lighter compact one-piece unit weighs 25 ounces. 


. The Remler patented Ambulatory Blood Pressure Recorde 
has been in use for more than ten years by leading physicians ant 
research institutions throughout the world. 

Now, by miniaturizing circuits and components, we have pro 
duced a smaller and easier to wear single-unit version that weigh: 
only 25 ounces. QR KDE: 

This new Model M-2000 records blood pressures during thi 
wearer's working or leisure day. Wearing this unobtrusive, light 
weight device on a belt, any patient can easily record bloo: 
pressure data onto the micro-cassette as many as fifty time 
daily. This method eliminates the pressor effect of an observer" 
presence. 

The Remler system is especially useful in determining the em 
cacy of medication in the treatment of hypertension. 





Since 1918 » Precision in Electronics 
280 Visitacion Mall Brisbane, California 94005 USA * (415) 468-3437 


LI v 


Please send me complete details on the new 
Remler M-2000 Ambulatory Blood Pressure Recorder 


Address 
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KAOCHLOR 


(potassium chloride) 


10% Liquid 


Also available 
2076 Liquid 


Effer escent 


Tablets 
WARREN-TEED A 


PHARMACEUTICALS INCORPORATED 
SUBSIDIARY OF ROHM AND HAAS COMPANY 
COLUMBUS, OHIO 43215 





A new, easy-to-operate exercise electrocardiography system designed 
to stress the patient without straining the physician or the budget. 


Cambridge STS is an integrated, easy-to-use system intended for 
hospital, health care, and athletic facilities, as well as for the prac- 
titioner with a limited budget. STS reliably produces exercise test 
results of excellent quality. It is designed to function superbly as a 
multistage exercise test system in office or hospital, as a standard, 
mobile electrocardiograph, or as a rate meter/monitor in the ER, 
ICU, or CCU. 
EB Strip chart recorder, ECG monitor, heart rate meter, and op- 
tional treadmill meters and controls all located in single mobile 
console where entire test protocol is controlled, monitored, 
and recorded. 
Digital heart rate meter and non-fade ECG monitor for easy 
daylight viewing. 
Optional recorder-programmer helps automate graded testing. 
Patient cable and electrodes specially designed for dynamic 
ECGs. 
VS-4S electrocardiograph meets all AHA specs. 
Existing VS-4 electrocardiographs easily retrofitted for inex- 
pensive upgrading for exercise and rest electrocardiography. 
ek ee a eh) 
Cambridge Instrument Company, Inc., Dept. AJC 
73 Spring Street, Ossining, New York 10562. (914)941-8100 3 
Q Please call me to arrange for a demonstration. 


Q Please send more information. 4 
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Cambr idge first in electrocardiography 





Merck Sharp & Dohme 
announces 








dosage 
strength 


HydroDIURIL 100., 


(HYDROCHLOROTHIAZIDE | MSD) | 
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American offers youa San. 
complete line of ECG 
electrode systems... 


e 
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American's Infant 
Electrode and leadwire 

meet the special needs of 
pediatric ECG and apnea 
monitoring. 






Fully shielded stress test c7 nm 
cables with up to fifteen 
leads are available from 
American. 













The American Stress 
Test Electrode. The first 
system specifically 
designed to meet the 
requirements of stress 
testing. 








American ECG 
electrodes are pregelled, 
self-adhering and 
disposable. 


ECG monitoring is no place for compromises. 
That's why American offers you a choice of 
*no-compromise" electrode systems, each 
designed for a specific monitoring area. 


Infant System 


Infants are special. So is American's Infant Electrode 
system: It puts a premium on comfort and reliable ECG or 
apnea monitoring. 

Despite its small size and unusually mild gel, the 
silver/silver chloride Infant Electrode delivers up to 72 
hours of the same high performance as American's adult 
Long Term Electrode. 

The low profile leadwire connector fastens to the 
electrode without putting pressure on the infant. 

Like all the other systems from American, the 
Infant Electrode System is adaptable to monitoring units 
throughout the hospital. You can enjoy the benefits of a 
system designed solely for monitoring infants with your 
present ECG equipment. 

For more information please write to: NDM, 
Department J, 3040 East River Road, Dayton, 

Ohio 45439. 
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. The American O.R. 

. Electrode. High 
_ performance for short 
-~ term monitoring. 


Stress Test System 


The American Stress Test system 
minimizes problems with wide or 
unstable base lines, motion 
artifact and possible hidden S-T 
depression. 

The silver/silver chloride 
electrodes are quickly and easily 
applied . . . and they'll stay put, 
even on patients who perspire 
heavily. 

The quick disconnect cable and 
leadwires are fully shielded: 
Electrical interference is virtually 
eliminated; a damaged leadwire 
need not interrupt test continuity 
because it can be replaced in 
moments. 

American's system can make 
stress testing easier for the 
technician and more meaningful 
to the cardiologist. 

(Because of the Stress Test Electrode's special 


gel formulation, application periods of longer 
than four hours are not recommended.) 
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The American Lue 
Term Electrode. 
Preferred by the - 
majority of ICU/CCU 's. 


_ e 


>. 
A 
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Long Term" System 


The majority of ICU/CCU's in 
this country now depend on the 
American Long Term Electrode 
system. 

There are reasons for this 
overwhelming acceptance. The 
silver/silver chloride Long Term 
Electrode is convenient to use and 
delivers up to seven days of 
reliable, trouble-free monitoring 
performance. 

The things you don't want. . . 
patient skin irritation, motion 
artifact and wide base lines . . . 
are the things this system 
invariably eliminates. 

The American Long Term 
Electrode system lets you devote 
more time to patient care, less 
time to fussing with electrodes. 









O.R. Electrode 


This system answers the special 
needs of short term monitoring in 
operating and recovery rooms, or 
wherever there's a need for high 
performance on a short term 
basis. 

American's O.R. Electrode 
delivers a strong signal and 
immediate base line stability. 

Best of all, this advanced 
electrode is fully compatible with 
your present monitoring 
equipment. With the appropriate 
American leadwire and cable, the 
electrodes used for monitoring in 
the O.R. can be left on the patient 
for monitoring in the recovery 
room. 


ron, Manufactured in U.S.A. by NDM Corporation, Dayton, Ohio 45439 


Available through 


AMERICAN uosPITAL SUPPLY 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION * General Offices. 1450 Waukegan Road, McGaw Park, Illinois 60085 


Pirnerin S s shi xx 
patient cables are 
designed to permit | 
standardization of - A 
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...because there's no - 
such thing as an“all- E 
purpose"electrode. 


Clinical Trial 


There's an American ECG 
electrode system ideally suited to 
your particular monitoring 
requirements. 

Please contact your American 
Hospital Supply or NDM 
Representative to arrange a no 
obligation clinical trial, including 
a total inservice for your staff. 
American will supply electrodes, 
leadwires and cables to adapt to 
your present monitoring units 
during the trial period. 







AMERICAN 


Long Term is a trademark of the NDM Corporation. American Long Term, Stress Test. Infant and O.R. electrodes are protected by the 
NDM Corporation by the following U. S. Patents: 3696807, 3701346, 3713435, 3820531 
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Identifying your patient at risk 
of thromboembolic complications 


While every MI patient is not a candidate for oral anti- 
coagulation therapy, a history of previous infarct or 
angina, persistent atrial fibrillation or congestive fail- 
ure, severe hypotension or shock or serious ar- 
rhythmia may increase risk of thromboembolic 
complications. 

In addition, certain procedures often place your 
surgical patient, particularly if he's over 40 years of 
age, in the high risk category—cup arthroplasty or 
pelvic surgery, heart valve replacement, reparative 
vascular surgery. 

Your geriatric patient, too, is at high risk of throm- 
boembolism if he's suffered a fracture—especially 
of the hip, pelvis or a lower extremity—or if his history 
includes venous insufficiency. 

For any of these individuals, obesity, previous 
episodes of venous thrombosis or pulmonary em- 
bolism and a future including prolonged bed rest all 
increase the risk of thromboembolic complications, 
and make him a candidate for oral anticoagulation. 


COUMADIN” is an Endo U.S. registered trademark. 


A90 


Laboratory monitoring 


For every patient receiving COUMADIN® (crystalline 
sodium warfarin), frequent laboratory monitoring is a 
key to effective therapy. Determine prothrombin time 
daily until results stabilize in the therapeutic range 
—1Ve to 2Ve times normal. Individualize dosage and 
administration as indicated by prothrombin time re- 
sults. Determine subsequent prothrombin times pe- 
riodically throughout the course of therapy. 


Educating your patient 


Because a patient is generally more reliable if he 
understands his condition and his medication, he 
should be made aware of the factors that may influ- 
ence his prothrombin time and, therefore, his re- 
sponse to COUMADIN*— dietary change, travel, 
other medication, change in physical condition and 
abrupt environmental change. What's more, he 
should know the importance of regularly taking the 
exact dosage of COUMADIN® prescribed and of 
keeping every appointment with you and with the 
laboratory. 
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Therapeutic principles 
put into practice 


COUMADIN 


ORYSTALLINE SODIUM WARFARIN’) 








INDICATIONS Based on a review of this drug by the National Academy of Sciences—National 
Research Council and/or other information, FDA has classified the indications as follows: 

Effective: COUMADIN* is indicated for the prophylaxis and treatment of venous thrombosis and 
its extension, the treatment of atrial fibrillation with embolization, the prophylaxis and treatment 


of pulmonary embolism, and as an adjunct in the treatment of coronary occlusion. 
“Possibly” effective: as an adjunct in the treatment of transient cerebral ischemic attacks. 
Final classification of the less-than-effective indication requires further investigation. 





CONTRAINDICATIONS Anticoagulation is contraindicated in any localized or general physical condition or 
personal circumstance in which the hazard of hemorrhage might be greater than its potential clinical 
benefits, such as: 


Hemorrhagic tendencies or blood dyscrasias. Recent or contemplated surgery of: (1) central nervous 
system; (2) eye; (3) traumatic surgery resulting in large open surfaces. Bleeding tendencies associated 
with active ulceration or overt bleeding of: (1) gastrointestinal, genitourinary or respiratory tracts; (2) 
cerebrovascular hemorrhage; (3) aneurysms-cerebral, dissecting aorta; (4) pericardial effusions; (5) 
subacute bacterial endocarditis. Threatened abortion, eclampsia and preeclampsia. Inadequate labora- 
tory facilities or unsupervised senility, alcoholism, psychosis; or lack of patient cooperation. Miscella- 
neous: polyarthritis, vitamin C deficiency, major regional and lumbar block anesthesia. 


WARNINGS Sodium warfarin is a potent drug with a half-life of 22 days; therefore its effects may become 
more pronounced as daily maintenance doses overlap. It cannot be emphasized too strongly that treatment 
of each patient is a highly individualized matter. Dosage should be controlled by periodic determinations of 
prothrombin time or other suitable coagulation tests. Determinations of whole blood clotting and bleeding 
times are not effective measures for control of therapy. Heparin prolongs the one-stage prothrombin time. 
Therefore, to obtain a valid prothrombin time when heparin and COUMADIN® are given together, a period 
of 4 to 5 hours should elapse after the last intravenous dose and 12 to 24 hours after the last subcutaneous 
dose of heparin, before blood is drawn. 


Caution should be observed when sodium warfarin is administered in any situation or physical condition 
where added risk of hemorrhage is present. 


Administration of anticoagulants in the following conditions will be based upon clinical judgment in which 
the risks of anticoagulant therapy are weighed against the risk of thrombosis or embolization in untreated 
cases. The following may be associated with these increased risks: 


Pregnancy- COUMADIN" passes through the placental barrier, and the danger of hemorrhage to the fetus 
exists even to the point of fatal hemorrhage in utero, even in the accepted therapeutic range of maternal 
prothrombin level. Close observation and laboratory control are essential. The newborn may be particularly 
Sensitive to sodium warfarin. There have been reports of birth malformations in children born to mothers 
who have been treated with warfarin during the first trimester of pregnancy. Whether warfarin was in fact 
the responsible agent has not been established. Therefore, women of childbearing potential who are can- 
didates for anticoagulant therapy should be carefully evaluated and the indications critically reviewed. If 
COUMADIN* must be used during pregnancy, or if the patient becomes pregnant while taking this drug, 
the patient should be apprised of the potential risks to the fetus, and the possibility of termination of the 
pregnancy should be discussed in light of those risks. Lactation -coumarins may pass into the milk of 
mothers and cause a prothrombinopenic state in the nursing infant. Prolonged dietary deficiency 
(cachexia, vitamin K). Severe to moderate hepatic or renal insufficiency. Infectious diseases or distur- 
bances of intestinal flora-sprue, antibiotic therapy. Trauma which may result in internal bleeding. 
Surgery or trauma resulting in large exposed raw surfaces. Indwelling catheters. Spinal puncture. Severe 
to moderate hypertension. Miscellaneous: polycythemia vera, vasculitis, severe diabetes, menometror- 
rhagia, allergic and anaphylactic disorders. 


Patients with congestive heart failure may become more sensitive to COUMADIN* , thereby requiring more 
frequent laboratory monitoring, and reduced doses of COUMADIN® . 


Abrupt cessation of anticoagulant therapy is not generally recommended; taper dose gradually over three to 
four weeks. 


PRECAUTIONS Periodic determination of prothrombin time or other suitable coagulation test is essen- 
tial. 


Numerous factors, alone or in combination, including travel, changes in diet, environment, physical 

state and medication may influence response of the patient to anticoagulants. It is generally good prac- 
tice to monitor the patient's response with additional prothrombin time determinations in the period 

immediately after discharge from the hospital, and whenever other medications are initiated, discon- 
tinued or taken haphazardly. The following factors are listed for your reference; however, other factors 

may also affect the prothrombin response. 


The following factors, alone or in combination, may be responsible for increased prothrombin time 
response: 
ENDOGENOUS FACTORS: Carcinoma; collagen disease; congestive heart failure; diarrhea; elevated temper- 
ature; hepatic disorders—infectious hepatitis, jaundice; poor nutritional state; vitamin K deficiency—stea- 
torrhea. 

EXOGENOUS FACTORS: Alcohol; allopurinol; aminosalicylic acid; anabolic steroids; antibiotics; brome- 
lains; chloral hydratet; chlorpropamide; chymotrypsin; cinchophen; clofibrate; COUMADIN® overdosage; 


' dextran; dextrothyroxine; diazoxide; dietary deficiencies; diureticst; disulfiram; drugs affecting blood ele- 


ments; ethacrynic acid; glucagon; hepatotoxic drugs: indomethacin; inhalation anesthetics; mefenamic 
acid; methylphenidate; monoamine oxidase inhibitors: nalidixic acid; oxyphenbutazone; phenylbutazone; 
phenyramidol; prolonged hot weather; prolonged narcotics; quinidine; quinine; salicylates (in excess of 1 
Gm/day); sulfinpyrazone; sulfonamides, long acting; thyroid drugs; tolbutamide; triclofos sodium; unreli- 
able prothrombin time determinations. 


tIncreased and decreased prothrombin time responses have been reported. 

The following factors, alone or in combination, may be responsible for decreased prothrombin time 
response: 

ENDOGENOUS FACTORS: Diabetes mellitus; edema; hereditary resistance to coumarin therapy; hyperlipe- 
mia; hypothyroidism. 


*Present as crystalline sodium warfarin isopropanol clathrate. 
Licensed by Wisconsin Alumni Research Foundation. 
U.S. Pat. No. 3,077,481 (Reissue No. 25,866) 
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EXOGENOUS FACTORS: Adrenocortical steroids; alcoholt; antacids; antihistamines; barbiturates; chloral = 
hydratet; chlordiazepoxide; cholestyramine; COUMADIN® underdosage; diet high in vitamin K (vegetables, — a 
fish, fish oil, onions): diureticst; ethchlorvynol; glutethimide; griseofulvin; haloperidol; meprobamate; oral x 
contraceptives; paraldehyde; primidone; rifampin; unreliable prothrombin time determinations; vitamin C. 


tincreased and decreased prothrombin time responses have been reported. c 
A patient may be exposed to a combination of the above factors, some of which may increase and some Nu 


decrease his sensitivity to COUMADIN® . Because the net effect on his prothrombin time response may be 
unpredictable under these circumstances, more frequent laboratory monitoring is advisable. 
Drugs not yet shown to interact or not to interact with coumarins are best regarded with suspicion, and M f 


when their administration is started or stopped, the prothrombin time should be determined more often 
than usual. ; 







ference with either their metabolism or excretion. 
ADVERSE REACTIONS Potential side effects of COUMADIN* (crystalline sodium warfarin) include: 


1. Minor or major hemorrhage from any tissue or organ- which is an extension of the physiologic activity of — 
prothrombinopenia. The signs and symptoms will vary according to the location and degree or extent of the 
bleeding. Therefore the possibility of hemorrhage should be considered in evaluating the condition of any 
anticoagulated patient with complaints which do not indicate an obvious diagnosis. Bleeding during ~ 
anticoagulant therapy does not always correlate with prothrombin activity. (See TREATMENT FOR OVER- ~ 
DOSAGE.) 


Bleeding which occurs when the prothrombin time is within the therapeutic range warrants diagnostic $ 2 
investigation since it may unmask a previously unsuspected lesion, e.g. tumor, ulcer etc. 5 pA 


2. Side effects other than hemorrhage are infrequent and consist of alopecia, urticaria, dermatitis, fever, < 
nausea, diarrhea, abdominal cramping, a syndrome called “purple toes,’ hypersensitivity reactions andan =< 
extremely rare reaction consisting of hemorrhagic infarction and necrosis of the skin. Sem 


DOSAGE AND LABORATORY CONTROL The aim of anticoagulant therapy is to impede the coagulation or = 
clotting mechanism to such an extent that thrombosis will not occur, but at the same time avoiding such — 
extensive impairment as might produce spontaneous bleeding. Effective therapeutic levels with minimal — 
complications can best be achieved in cooperative and well-instructed patients, who keep the doctor — - 
informed of their status between visits. COUMADIN® patient aids are available to physicians on request. 


The administration and dosage of COUMADIN® must be individualized for each patient according to the -~ 
particular patient's sensitivity to the drug as indicated by the prothrombin time. The prothrombin time — - - 
reflects the depression of vitamin K-dependent factors, namely Factors VII, IX, X and Il, the factors affected — 
by coumarin anticoagulants. There are several modifications of the Quick one-stage prothrombin time and 
the physician should become familiar with the specific method used in his laboratory. 


Administration of COUMADIN* should be gauged according to prothrombin time determinations by a Suit- 
able method. The blood prothrombin time should usually be determined daily after the administration of the 
initial dose until prothrombin time results stabilize in the therapeutic range. Intervals between subsequent 
prothrombin time determinations should be based upon the physician's judgment of the patient's reliability =~ 
and response to warfarin in order to maintain the individual within the therapeutic range. Acceptable inter-.— - 
vals for prothrombin time determinations have usually fallen within the range of one to four weeks. Satis- 

factory levels for maintenance of therapeutic prothrombinopenia are 1% to 2% times the normal 
prothrombin time (e.g. 21 to 35 seconds, with a control of 14 seconds). 


Induction—40 to 60 mg for average adult or 20 to 30 mg for elderly and/or debilitated patients for one dose 
only administered orally, intravenously or intramuscularly. 


Maintenance- Most patients are satisfactorily maintained at a dose of 2 to 10 mg daily. Flexibility of dosage — l 
is provided by breaking scored tablets in half. The individual dose and interval should be gauged by the - 
patient's prothrombin response. i 


Duration of therapy-The duration of therapy in each patient should be individualized. In general, anti- — 
coagulant therapy should be continued until the danger of thrombosis and embolism has passed. S 


Treatment during dentistry and surgery- The management of patients who undergo dental and surgical - ! 

procedures requires close liaison between attending physicians, surgeons and dentists. Interruption of — .. 
anticoagulant therapy may precipitate thromboembolism, and conversely, if anticoagulants are maintained n". 
at full doses, some patients may hemorrhage excessively. If it is elected to administer anticoagulants prior 
to, during, or immediately following dental or surgical procedures, it is recommended that the dosage of — 
COUMADIN® be adjusted to maintain the prothrombin time at approximately 1¥ to 2 times the control ~ 
level. The operative site should be sufficiently limited to permit the effective use of local procedures for he- ~ 
mostasis including absorbable hemostatic agents, sutures, and pressure dressings if necessary. Under — 

these conditions dental and surgical procedures may be performed without undue risk of hemorrhage. xs 


COUMADIN® with Heparin-Since a delay intervenes between the administration of the initial dose and the — 
therapeutic prolongation of prothrombin time, it may be advisable in situations of great emergency to 
administer sodium heparin initially along with COUMADIN . The initial dose of heparin and injectable — 
COUMADIN may be administered together in the same syringe. It should be noted that heparin may affect. - 
the prothrombin time; and therefore, when patients are receiving both heparin and COUMADIN" , the blood 
sample for prothrombin time determination should be drawn just prior to the next heparin dosage, and — 
preferably 4 to 5 hours after the last intravenous injection or 12 to 24 hours after the last subcutaneous — 
injection. 
TREATMENT FOR OVERDOSAGE Excessive prothrombinopenia, with or without bleeding, is readily con- — - 
trolled by discontinuing COUMADIN® (crystalline sodium warfarin), and if necessary, the oral or parenteral — 
administration of vitamin Ks. The appearance of microscopic hematuria, excessive menstrual bleeding, EX 
melena, petechiae or oozing from nicks made while shaving are early manifestations of hypoprothrom-. 
binemia beyond a safe and satisfactory level. + $ 

À FA 


In excessive prothrombinopenia with mild or no bleeding, omission of one or more doses of COUMADIN® pu 
may suffice; and if necessary, small doses of vitamin K: orally, 2.5 to 10 mg, will usually correct the BN- 


problem. ‘oss 
If minor bleeding persists, or progresses to frank bleeding, vitamin K: in doses of 5 to 25 mg may be given - P. 


E V 


parenterally. (Please note recommendations accompanying vitamin K preparations prior to use.) T" 


Fresh whole blood transfusions should be considered in cases of severe bleeding or prothrombinopenic A $ 
states unresponsive to vitamin Kı. x 


Resumption of COUMADIN* administration reverses the effect of vitamin Ky, and a therapeutic hypo- 
prothrombinemia level can again be obtained. ae 


SUPPLIED Tablets: COUMADIN® (crystalline sodium warfarin). For oral use, single scored, imprinted Aa ^ 


Injection: Available as single injection units of amorphous sodium warfarin lyophilized for intravenous or — - 
intramuscular use in a box of 6 units. 50 mg: Unit consists of 1 vial, 50 mg; sodium chloride, 10 mg; Ne 
thimerosal, 0.2 mg. pH is adjusted with sodium hydroxide, accompanied by a 2 ml ampul Sterile Water for — 
Injection. 75 mg: Unit consists of 1 vial, 75 mg; sodium chloride, 15 mg; thimerosal, 0.3 mg. pH is 
adjusted with sodium hydroxide, accompanied by a 3 ml ampul Sterile Water for Injection. 4 
Sterile Water for Injection contains no antimicrobial or other substance, and it is not suitable for intravascu- 
lar injection without first having been made approximately isotonic by the addition of a suitable solute. Use — 
only for reconstitution of the lyophilized product. Rev. April, 1975 
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Endo Laboratories, Inc. 


Subsidiary of E.l. du Pont de Nemours & Co. (Inc.) 
Garden City, N. Y. 11530 
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Biotronex Laboratory, Inc. 
9153 Brookville Road € Silver Spring, Maryland 20910 e Phone: 301/588-6400 


INTERNIST 


Board-qualified, with solid medical background. Needed for active 
96-bed GM&S Veterans Administration Hospital, well equipped and 
staffed, with excellent library and consultants. Salary $30-$36,000; 
excellent fringe benefits; will pay travel and moving expenses; housing 
on hospital grounds. Equal opportunity employer; licensure required in 
one of the fifty states or District of Columbia. Abundant outdoor 
recreation; pleasant climate with clean air in attractive peaceful western 
city of 10,000. Inquire: Norman C. Jorgenson, M.D., Chief of Staff, or 
T.L. Massey, Hospital Director, VA Hospital, Miles City, MT 59301, or 
call collect 406-232-3060. 
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The building blocks of reliability — depend- 
ability, accuracy and performance — are 
inherent features of Bell & Howell's Model 
4-3271 Physiological Pressure Transducer. 
= Modular construction permits inter- 
changeability of components, reducing the 
costs for replacement parts. 

.A Three levels of isolation prevent the ac- 


CEC is a registered trademark of Bell & Howell. © Bell & Howell 1975 
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Pressure Transducer... 
The Cornerstone of Reliability - 











 cidental introduction of electrical current. 


Additionally, all units are electrically stan- 
dardized. | 

The Model 4-3271 can also be used in any 
position and is not damaged by use with de- 
fibrillation or electrocautery equipment. 

To find out more, write us at 360 Sierra 


Madre Villa, Pasadena, California 91109. 


CEC Division 


BELL s HOWELL 


(In Canada: 125 Norfinch Drive, Downsview, Ontario M3M 3B5) 








Beat after beat...day after day 


To convert...to MAINTAIN normal sinus rhythm 


After conversion of cardiac arrhythmias— whether with CARDI 
only low b.i.d. or t.i.d. dosage of this uni 


maintain normal sinus rhythm. 


Well-tolerated, CARDIOQUIN Tablets are 


OQUIN Tablets or some other current method — 
que polygalacturonate salt of quinidine is required in most cases to 


particularly suited for maintenance therapy, since the polygalactur- 


onic acid serves as a buffering moiety. It protects the mucosa of the stomach and permits dependable 


absorption of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical Practice, 


BRIEF SUMMARY-INDICATIONS: CARDIOQUIN 
Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of: premature atrial and 
ventricular contractions; paroxysmal atrial tachy- 
cardia; paroxysmal AV junctional rhythm; atrial 
flutter; paroxysmal atrial fibrillation; established 
atrial fibrillation when therapy is appropriate; 
paroxysmal ventricular tachycardia when not as- 
sociated with complete heartblock; maintenance 
therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: 
Aberrant impulses and abnormal rhythms due to 


escape mechanisms should not be treated with 
quinidine. WARNING: In the treatment of atrial 
flutter reversion to sinus rhythm may be pre- 
ceded by a progressive reduction in the degree 
of AV block to a 1:1 ratio and resulting extremely 
rapid ventricular rate. COMPOSITION: Each 
CARDIOQUIN Tablet (quinidine polygalacturo- 
nate 275 mg.) is equivalent in quinidine content 
to 3 grains quinidine sulfate. DOSAGE AND AD- 
MINISTRATION: Dosage must be adjusted to 
individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be 


ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 


used to terminate arrhythmias, and may be re- 
peated in 3-4 hours. If normal sinus rhythm is not 
restored after 3 or 4 equal doses, the dose may 
be increased by 12 to 1 tablet (137.5 to 275 mg.) 
and administered three to four times before any 
further dosage increase. For maintenance, one 
tablet may be used two to three times a day; 
generally one tablet morning and night will be 
adequate. SUPPLIED: Uncoated, scored tablets 


in bottles of 50. Purdue Frederick 


©COPYRIGHT 1974, THE PURDUE FREDERICK COMPANY 
NORWALK, CONN. 06856 A7356 138274 
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Angiographic and Hemodynamic Effects of Nitroglycerin 
Surgery for Coronary Heart Disease in Infancy 
Ischemic Heart Disease: An Overview 
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_ of blood pressure... 


-In hypertension, 


ALDOME Tinetavopanso 


. usually offers more 





than effective lowering 





.. With ALDOMET 

. (Methyldopa, MSD), 

. existing renal function 

. Is usually unchanged 

-.. ALDOMET has no direct effect on renal 
... function. When used in effective doses, 
- ALDOMET usually does not reduce glo- 
. merular filtration rate, renal blood flow, 
d filtration fraction. 
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With ALDOMET 
(Methyldopa, MSD), 
cardiac output is 


generally unchanged 


ALDOMET has no direct effect on cardiac 
function. When ALDOMET is used in effec- 
tive doses cardiac output is usually 
maintained with no cardiac acceleration; 
in some patients the heart rate is slowed. 


|. tions unless properly recognized and managed. For more 





With ALDOMET OM 
(Methyldopa, MSD), ~ 
symptomatic postural 


hypotension is infrequent 


ALDOMET reduces both supine and standing blood pressure. 
Less frequent symptomatic postural hypotension is experienced 
with ALDOMET than with many other antihypertensive agents. 
Exercise hypotension and diurnal blood pressure variations 
rarely occur. 


for hypertension 


TABLETS, 250 mg, 500 mg, and 125 mg 


a unique antihypertensive agent 


ALDOMET is contraindicated in active hepatic disease, 
hypersensitivity to the drug, and if previous methyldopa 
therapy has been associated with liver disorders. It is 
not recommended in pheochromocytoma. 

It is important to recognize that a positive Coombs test, 
hemolytic anemia, and liver disorders may occur with 


^. methyldopa therapy. The rare occurrences of hemolytic anemia MSD 


Sie 


Re For a brief summary of prescribing information, please see following page. 


- or liver disorders could lead to potentially fatal complica- 


.. details see the brief summary of prescribing information. 


= 


to further 
simplify therapy 
for many patients 


now available 


ALDOMET 500 mg 


(METHYLDOPA! MSD) 





e often more practical to prescribe 
e easier for patients to remember 


Now offered in addition to the standard 
250-mg tablet, the new ALDOMET 500 mg 
tablet is a patient convenience. An especially 
important one, since in hypertension con- 
venience of the dosage schedule is one factor 
that can make the difference in compliance 
of the patient. The minimum daily dose of 
ALDOMET is 250 mg b.i.d. The usual starting 
dose is 250 mg t.i.d. Dosage is see as 
necessary by adding or deleting 250 mg or 

at intervals of not less than two 
days. The maximum dose is 3.0 g per day. 
Examples of b.i.d. or t.i.d. dosage convenience 
provided by ALDOMET 500 mg within the 
usual daily dosage range of 500 mg to 2.0 g: 
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in hypertension 


- ALDOMETvemvworamso 


usually lowers blood 
pressure effectively 


Contraindications: Active hepatic disease, such as 


~~ acute hepatitis and active cirrhosis; if previous 


methyldopa therapy has been associated with liver 


-= disorders (see Warnings); hypersensitivity. 
Warnings: It is important to recognize that a 
. positive Coombs test, hemolytic anemia, and 


liver disorders may occur with methyldopa 


. therapy. The rare occurrences of hemolytic 
-~ anemia or liver disorders could lead to poten- 
tially fatal complications unless properly recog- 
. nized and managed. Read this section carefully 


to understand these reactions. 

With prolonged methyldopa therapy, 10% to 20% of 
patients develop a positive direct Coombs test, 
usually between 6 and 12 months of therapy. Lowest 
incidence is at daily dosage of 1 g or less. This on 


„rare occasions may be associated with hemolytic 


anemia, which could lead to potentially fatal com- 
plications. One cannot predict which patients with a 


-.. positive direct Coombs test may develop hemolytic 


anemia. Prior existence or development of a positive 
direct Coombs test is not in itself a contraindication 


_ to use of methyldopa. If a positive Coombs test 


develops during methyldopa therapy, determine 


Whether hemolytic anemia exists and whether the 


positive Coombs test may be a problem. For exam- 
ple, in addition to a positive direct Coombs test 
there is less often a positive indirect Coombs test 


which may interfere with cross matching of blood. 


At the start of methyldopa therapy, it is desirable to 
do a blood count (hematocrit, hemoglobin, or red 
cell count) for a baseline or to establish whether 
there is anemia. Periodic blood counts should be 
done during therapy to detect hemolytic anemia. It 
may be useful to do a direct Coombs test before 
therapy and at 6 and 12 months after the start of 
therapy. If Coombs-positive hemolytic anemia oc- 
curs, the cause may be methyldopa and the drug 


- should be discontinued. Usually the anemia remits 
-. promptly. If not, corticosteroids may be given and 
.. other causes of anemia should be considered. If the 
hemolytic anemia is related to methyldopa, the drug 


should not be reinstituted. When methyldopa causes 


- Coombs positivity alone or with hemolytic anemia, 
~; the red cell is usually coated with gamma globulin of 
the IgG (gamma G) class only. The positive Coombs 
- test may not revert to normal until weeks to months 
` after methyldopa is stopped. 


Should the need for transfusion arise in a patient 
receiving methyldopa, both a direct and an indirect 


Coombs test should be performed on his blood. In 


the absence of hemolytic anemia, usually only the 


- direct Coombs test will be positive. A positive direct 
Coombs test alone will not interfere with typing or 


cross matching. If the indirect Coombs test is also 
positive, problems may arise in the major cross 
match and the assistance of a hematologist or 
transfusion expert will be needed. 

Fever has occurred within first 3 weeks of therapy, 
sometimes with eosinophilia or abnormalities in liver 
function tests, such as serum alkaline phosphatase, 
serum transaminases (SGOT, SGPT), bilirubin, ceph- 
alin cholesterol flocculation, prothrombin time, and 
bromsulphalein retention. Jaundice, with or without 
fever, may occur, with onset usually in the first 2 to 
3 months of therapy. In some patients the findings 
are consistent with those of cholestasis. Rarely fatal 
hepatic necrosis has been reported. These hepatic 
changes may represent hypersensitivity reactions; 
periodic determination of hepatic function should be 
done particularly during the first 6 to 12 weeks of 
therapy or whenever an unexplained fever occurs. If 
fever and abnormalities in liver function tests or 
jaundice appear, stop therapy with methyldopa. If 
caused by methyldopa, the temperature and abnor- 
malities in liver function characteristically . have 
reverted to normal when the drug was discontinued. 
Methyldopa should not be reinstituted in such pa- 
tients. 

Rarely, a reversible reduction of the white blood cell 
count with primary effect on granulocytes has been 
seen. Reversible thrombocytopenia has occurred 
rarely. When used with other antihypertensive drugs, 
potentiation of antihypertensive effect may occur. 
Patients should be followed carefully to detect side 
reaction or unusual manifestations of drug idio- 
syncrasy. 

Use in Pregnancy: Use of any drug in women who 
are or may become pregnant requires that antici- 
pated benefits be weighed against possible risks; 
possibility of fetal injury can not be excluded. 
Precautions: Should be used with caution in pa- 
tients with history of previous liver disease or dys- 
function (see Warnings). May. interfere with 
measurement of: uric acid by the phosphotungstate 
method, creatinine by the alkaline picrate method, 
and SGOT by colorimetric methods. Since methyl. 
dopa causes fluorescence in urine samples at the 
same wavelengths as catecholamines, falsely high 
levels of urinary catecholamines may be reported. 
This will interfere with the diagnosis of pheochro- 
mocytoma. It is important to recognize this 
phenomenon before a patient with a possible pheo- 
chromocytoma is subjected to surgery. Methyldopa 
IS not recommended for patients with pheochromo: 
cytoma. Urine exposed to air after voiding may 
darken because of breakdown of methyldopa or its 
metabolites. 
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Stop drug if involuntary choreoathetotic movements 
occur in patients with severe bilateral cerebrovascu- 
lar disease. Patients may require reduced doses of 
anesthetics; hypotension occurring during anes- 
thesia usually can be controlled with vasopressors. 
Hypertension has recurred after dialysis in patients 
on methyldopa because the drug is removed by this 
procedure. 

Adverse Reactions: Centra/ nervous system: 
Sedation, headache, asthenia or weakness, usually 
early and transient; dizziness, lightheadedness, 
symptoms of cerebrovascular insufficiency, 
paresthesias, parkinsonism, Bell's palsy, involuntary 
choreoathetotic movements; psychic disturbances, 
including nightmares and reversible mild psychoses 
or depression. 

Cardiovascular: Bradycardia, aggravation of angina 
pectoris. Orthostatic hypotension (decrease daily 
dosage). Edema (and weight gain) usually relieved 
by use of a diuretic. (Discontinue methyldopa if 
edema progresses or signs of heart failure appear.) 
Gastrointestinal: Nausea, vomiting, distention, 
constipation, flatus, diarrhea, mild dryness of 
mouth, sore or “black” tongue, pancreatitis, 
sialadenitis. 

Hepatic: Abnormal liver function tests, jaundice, 
liver disorders. 

Hematologic: Positive Coombs test, hemolytic 
anemia, Leukopenia, granulocytopenia, throm- 
bocytopenia. 

Allergic: Drug-related fever, skin rash. 

Other: Nasal stuffiness, rise in BUN, breast enlarge- 
ment, gynecomastia, lactation, impotence, 
decreased libido, mild arthralgia, myalgia. 

Note: Initial adult dosage should be limited to 
500 mg daily when given with antihypertensives 
other than thiazides. Tolerance may occur, usually 
between second and third month of therapy; in- 
creased dosage or adding a thiazide frequently 
restores effective control. Patients with impaired 
renal function may respond to smaller doses. Syn- 
cope in older patients may be related to increased 
sensitivity and advanced arteriosclerotic vascular 
disease; this may be avoided by lower doses. 

How Supplied: Tablets, containing 125 mg 
methyldopa each, in bottles of 100: Tablets, contain- 
ing 250mg methyldopa each, in single-unit 
packages of 100 and bottles of 100 and 1000: 
Tablets, containing 500mg methyldopa each, in 
single-unit packages of 100 and bottles of 100. 
For more detailed information, consult your MSD 
representative or see full prescribing informa- 
tion. Merck Sharp & Dohme, Division of Merck & 
Co., Inc., West Point, Pa. 19486 


MSD MERCK SHARP & DOHME 





An abundance of patient data is one thing... 





...a means of readily identifying data significance 
can be quite another. 


Because a wide range of patient condition of day from the previous 1, 4, 8 or 24 hours. 
measurements is vital, yet can assume a different 

significance at different times during the course of an Beyond this, PDS can integrate other data entries 
illness, General Electric offers you the Patient Data into the system for simultaneous consideration and 
System. Not just another monitoring evaluation. Including: clinical lab results, fluid input/ 
system ... comprehensive patient management. output balance, manual parameters, and medication 


summaries. This, for example, can permit evaluation 


PDS presents data in meaningful formats that permit of drug therapy over a period of time. 


clear interpretation and precise intervention. One is a 


unique Vector Contour Plot which displays up to 8 PDS. Information plus identification of significance. 
selected parameters as a circle. Any change Your GE representative will show you how this 

in monitored parameters results in distortion performance difference can bring new 

of that circle. This is clearly visible from a standards of patient management to your 
distance and identifiable as a significant r institution. Look for the commitment behind 


change in patient status, permitting action 

before alarm limits are reached. An integral 
computer permits patient trend information 
to be clearly displayed, documented to time 


the equipment. 


General Electric Medical Systems, 
Milwaukee, Toronto, Madrid 
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Each capsule contains 50 mg. | 
of Dyrenium® (brand of triamterene) 
and 25 mg. of hydrochlorothiazide. 


makes m 





For longterm control of hyp ertension* 


Before prescribing, see complete prescribing in- 
formation in SK&F literature or PDR. The following 
is a brief summary. 


WARNING 

This fixed combination drug is not indicated for 
initial therapy of edema or hypertension. Edema 
or hypertension requires therapy titrated to the 
individual patient. If the fixed combination rep- 


resents the dosage so determined, its use may 
be more convenient in patient management. The 
treatment of hypertension and edema is not 
static, but must be reevaluated as conditions in 
each patient warrant. 


* Indications: Edema: That associated with congestive 
heart failure, cirrhosis of the liver, the nephrotic 
syndrome; steroid-induced and idiopathic edema; 
edema resistant to other diuretic therapy. Mild to 
moderate hypertension: Usefulness of the triam- 
ee component is limited to its potassium-sparing 
ettect. 


Contraindications: Pre-existing elevated serum po- 
tassium. Hypersensitivity to either component. Con- 
tinued use in progressive renal or hepatic dysfunction 
or developing hyperkalemia. 


Warnings: Do not use dietary potassium supple- 
ments or potassium salts unless hypokalemia de- 
velops or dietary potassium intake is markedly 
impaired. Enteric-coated potassium salts may cause 
small bowel stenosis with or without ulceration. 
Hyperkalemia (25.4 mEq/L) has been reported in 
4% of patients under 60 years, in 12% of patients over 
60 years, and in less than 8% of patients overall. 
Rarely, cases have been associated with cardiac ir- 
regularities. Accordingly, check serum potassium 
during therapy, particularly in patients with sus- 
pected or confirmed renal insufficiency (e.g., elderly 
or diabetics). If hyperkalemia develops, substitute a 
thiazide alone. If spironolactone is used concomi- 
tantly with 'Dyazide', check serum potassium fre- 





quently — both can cause potassium retention and 
sometimes hyperkalemia. Two deaths have been 
reported in patients on such combined therapy (in 
one, recommended dosage was exceeded: in the 
other, serum electrolytes were not properly moni- 
tored). Observe patients on 'Dyazide' regularly for 
possible blood dyscrasias, liver damage or other idio- 
syncratic reactions. Blood dyscrasias have been re- 
ported in patients receiving Dyrenium (triamterene, 
SK&F). Rarely, leukopenia, thrombocytopenia, 
agranulocytosis, and aplastic anemia have been 
reported with the thiazides. Watch for signs of im- 
pending coma in acutely ill cirrhotics, Thiazides are 
reported to cross the placental barrier and appear in 
breast milk. This may result in fetal or neonatal 
hyperbilirubinemia, thrombocytopenia, altered 
carbohydrate metabolism and possibly other ad- 
verse reactions that have occurred in the adult. When 
used during pregnancy or in women who might bear 
children, weigh potential benefits against possible 
hazards to fetus. 

Precautions: Do periodic serum electrolyte and BUN 
determinations. Do periodic hematologic studies 
in cirrhotics with splenomegaly. Antihypertensive 
effects may be enhanced in postsympathectomy 


DYAZIDE' 


Justonce ortwice daily 


patients. The following may occur: hyperuricemia 
and gout, reversible nitrogen retention, decreasing 
alkalireserve with possible metabolic acidosis, hyper- 
glycemia and glycosuria (diabetic insulin require- 
ments may be altered), digitalis intoxication (in 
hypokalemia). Use cautiously in surgical patients. 
Concomitant use with antihypertensive agents may 
result in an additive hypotensive effect. '«Dyazide' 
interferes with fluorescent measurement of 
quinidine. 

Adverse Reactions: Muscle cramps, weakness, diz- 
ziness, headache, dry mouth; anaphylaxis; rash, 
urticaria, photosensitivity, purpura, other derma- 
tological conditions; nausea and vomiting (may in- 
dicate electrolyte imbalance), diarrhea, constipation, 
other gastrointestinal disturbances. Necrotizing 
vasculitis, paresthesias, icterus, pancreatitis, 
xanthopsia and, rarely, allergic pneumonitis have 
occurred with thiazides alone. 


Supplied: Bottles of 100 capsules; in Single Unit 
Packages of 100 (intended for institutional use only). 


SK&F Co., Carolina, P.R. 00630 
Subsidiary of SmithKline Corporation 


formaintenance. 


drochlorothiazide to help keep 


blood pressure down and triamterene 
to help keep potassium levels up. 
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of stability 


There are a lot of ways to say "stable" when you're 
dealing with nitroglycerin. Some more meaning- 
ful than others. 

That's why the testing of Nitrostat includes tests 
to simulate, as closely as possible, the actual con- 
ditions of use. 

For example, we test for wickability — a Parke- 
Davis test (the time in seconds required for water 
to wet the tablet completely by capillary action 
under controlled conditions) — to simulate under- 
the-tongue conditions. 


Heat-stable? Yes. Upto45 C (113F) (consider- 
ably higher than your patient's pocket tempera- 
ture). See graph. 

What's more, the crucial question of mainte- 
nance of content uniformity of nitroglycerin is 
answered by Nitrostat as proved by assay. 


Potency? The average assay stillshows almost 
10096 of label claim more than 30 months after 


manufacture: less chance of your patient taking 
a superpotent or, more important, a subpotent 
tablet. 


03 mg (1/200 gr) Lot T-10587. Stored at 45 C (113 F) 
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*Fusari SA: Data on file, Parke, Davis & Company. Detroit, Michigan. (Test results were simi» 


lar for the 0.4-mg and the 0.6-mg strengths.) 

Disintegration? We test it using the USP test in 
800 ml of water —all tablets usually disintegrate 
within 30 seconds (USP limit — two minutes). 

Dissolution? Using NF Method II, we show 
greater than 90% dissolution in 30 seconds. 

Now, each factor taken by itself may not be de- 
cisive. But taken together, they add up to a good 
reason to specify Nitrostat. 


Nitrostat cte 


0.3 mg (1/200 gr) 


(nitroglycerin tablets, USP) ::::::: 


...the tested and proved one 
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ADDRESS 


PD-JA-1459-1-P (4-75) 
CITY, STATE, ZIP 
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Please have representative deliver a supply of the 
following. (Check block) 


“What you should know about angina." 
O Patient starter packages of Nitrostat® 


Available in bottles 
of 100 and new 


Convenience Packs 
of 25 





(nitroglycerin tablets, USP) 


PARKE-DAVIS 


Parke, Davis & Company, 
Detroit, Michigan 48232 
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Not always. Mounting clinical 
evidence indicates that Central Venous 
Pressure is significantly affected by factors 
other than blood volume in the critically ill 
patient. Heart failure, chronic lung disease, 
pulmonary embolism, and acute myocardial 
infarction are specific examples. 

Accordingly, a growing number 
of physicians consider the measurement 
of pulmonary artery pressure and 
pulmonary wedge pressure essential 
for the management of patients with 
circulatory failure caused by volume 
depletion, cardiac failure, or peripheral 
circulatory failure. These critically important 
measurements are routinely taken using 
the SWAN-GANZ® Flow-Directed 





CVP reveal the patients condition 
as it really is? 


Catheters from Edwards Laboratories. 
SWAN-GANZ® Catheter insertion 
is commonly performed at bedside without 
fluoroscopy. The soft, pliable catheter body 
incorporates an inflatable balloon which 
surrounds the catheter tip; the flow of 
blood against the inflated balloon facilitates 
pulmonary artery catheterization. 
Catheters are available for a wide 
variety of clinical applications including: 
pressure monitoring, temporary trans- 
venous pacing, and combined pressure 
and cardiac output determination. 
Scientific reprints and de- 
scriptive product literature may 
be obtained by writing Edwards 
Laboratories, Division of American 
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Hospital Supply Corporation, 17221 Red 
Hill Avenue, PO. Box 11150, Santa Ana, 
CA 92711, 714/557-8910, Cable Address: 
EDSLAB, Telex: 68:5567. 


CI EDWARDS 
CI LABORATORIES 
EB. 


Division of American Hospital Supply Corporation 
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Beat after beat...day after day 


To convert...to MAINTAIN normal sinus rhythm 


After conversion of cardiac arrhythmias— whether with CARDIOQUIN Tablets or some other current method— 
only low b.i.d. or t.i.d. dosage of this unique polygalacturonate salt of quinidine is required in most cases to 


maintain normal sinus rhythm. 


Well-tolerated, CARDIOQUIN Tablets are particularly suited for maintenance therapy, since the polygalactur- 
onic acid serves as a buffering moiety. It protects the mucosa of the stomach and permits dependable 


absorption of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical Practice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 


BRIEF SUMMARY —INDICATIONS: CARDIOQUIN 
Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of: premature atrial and 
ventricular contractions; paroxysmal atrial tachy- 
cardia; paroxysmal AV junctional rhythm; atrial 
flutter; paroxysmal atrial fibrillation; established 
atrial fibrillation when therapy is appropriate; 
paroxysmal ventricular tachycardia when not as- 
sociated with complete heartblock; maintenance 
therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: 
Aberrant impulses and abnormal rhythms due to 


escape mechanisms should not be treated with 
quinidine. WARNING: In the treatment of atrial 
flutter reversion to sinus rhythm may be pre- 
ceded by a progressive reduction in the degree 
of AV block to a 1:1 ratio and resulting extremely 
rapid ventricular rate. COMPOSITION: Each 
CARDIOQUIN Tablet (quinidine polygalacturo- 
nate 275 mg.) is equivalent in quinidine content 
to 3 grains quinidine sulfate. DOSAGE AND AD- 
MINISTRATION: Dosage must be adjusted to 
individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be 


used to terminate arrhythmias, and may be rı 
peated in 3-4 hours. If normal sinus rhythm is n: 
restored after 3 or 4 equal doses, the dose mt 
be increased by ¥2 to 1 tablet (137.5 to 275 mq 
and administered three to four times before ar 
further dosage increase. For maintenance, or 
tablet may be used two to three times a da 
generally one tablet morning and night will E 
adequate. SUPPLIED: Uncoated, scored table 


in bottles of 50. Purdue Frederic 
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CLINICAL STUDIES 


419 Regional Left Ventricular Wall Dynamics Before and After Sublingual Administration of Nitroglycerin 


JEAN G. DUMESNIL, ERIK L. RITMAN, GEORGE D. DAVIS, GERALD T. GAU, 
BARRY D. RUTHERFORD and ROBERT L. FRYE 


After sublingual administration of 0.6 mg of nitroglycerin the mean change in derived peak rate of systolic wall 
thickening (peak dTw/dt) was +1.97 cm/sec in segments of the left ventricle with an initial peak dTw/dt of less 
than 5 cm/sec, in contrast to a change of +0.66 cm/sec in segments with an initial control value of 5 cm/sec 
or greater. Akinetic or dyskinetic areas did not improve. These results indicate that there is a regional myocar- 
dial response to nitroglycerin, with differing responses within the same ventricle, that depends upon the func- 
tional state of the underlying myocardium. 


426 Effects of Nitroglycerin on the Major Determinants of Myocardial Oxygen Consumption. An 
Angiographic and Hemodynamic Assessment 


HENRY GREENBERG, EDWARD M. DWYER, Jr., A. GREGORY JAMESON and BRUCE H. PINKERNELL 


Data in 10 patients, of whom 7 had coronary artery disease, suggest effective reduction in heart size produced 
by nitroglycerin not only may diminish oxygen demand by reducing systolic wall tension, but also may improve 
endocardial perfusion by decreasing diastolic extravascular resistance. After nitroglycerin, the peak systolic left 
ventricular wall tension decreased 15 percent; heart rate increased 15 percent; mean circumferential fiber 
shortening velocity increased 26 percent and the ejection fraction increased 30 percent; left ventricular end- 
diastolic volume decreased 23 percent; and end-diastolic tension decreased 57 percent. 


433 Specificity of Elevated Serum MB Creatine Phosphokinase Activity in the Diagnosis of Acute 
Myocardial Infarction 


ROBERT ROBERTS, K. S. GOWDA, PHILIP A. LUDBROOK and BURTON E. SOBEL 


The myocardium is the only human tissue containing substantial MB CPK activity. This study indicates increased 
serum levels of this enzyme provide a remarkably specific and sensitive reflection of myocardial injury. 


438 The Functional Defect in Amyloid Heart Disease. The ‘‘Stiff Heart" Syndrome 
CHRISTOPHER CHEW, GALAL MOKHTAR ZIADY, MAURICE J. RAPHAEL and CELIA M. OAKLEY 


Distinctive echocardiographic, angiocardiographic and hemodynamic features of a "'stiff heart," found in three 
subjects with heart failure due to amyloid deposits, appear to be unique to this disorder. Ultrasonic demonstra- 
tion of a normal left ventricular dimension in diastole, diminished amplitude of excursion and increased systolic 
dimension strongly suggest amyloid. The characteristic cineangiographic appearance of the left ventricle in- 
cludes greatly coarsened trabeculae, marked papillary muscle impressions and reduced systolic emptying. He- 
modynamically the cardiac output is low, the left ventricular pressure shows no diastolic ''dip and plateau" and 
there is a small atrial kick. 
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«a BETTER EQUIPMENT — 


introducing the new Avionics Model 
3600 ExerStress'" Console... 


1. Automatic Blood Pressure Monitor 
2. Four-Channel Memory Scope 

3. Standard 12-lead Capability Ee. 
4. Accurate Heart Rate Meter E 
5. ST-Segment Computer With PVC Indicator 

6. Automatic Timer For Activating ECG 

Write-out 

7. Three-Channel ECG Writer 

8. Digital Display of Treadmill Speed 
9. Digital Display of Treadmill Grade 
10. Digital Elapsed Time Clock 
11. Digital Display of Stage of Test 


12. Automatic Programmer For 
Controlling Treadmill 


— 18. DC Defibrillator 
— 14. Work Area 


15. XY Charter of ST-Segment, Heart 
Rate, and Time 


16. Storage Areas 
17. Treadmills: Finest Quality 
Available 





a BETTER SERVICE — full service and maintenance contracts available... 





Compare the quality and performance of our system Ask any competitor to bring and demonstrate his 
with all others. We'll bring the entire system, including complete system to you, including treadmill exercising. 
the treadmill, to your hospital, clinic, or office and.con- If he refuses, that should tell you something! If you 
duct an actual stress test under your control. You can want the best, we've got it and we're ready to bring it 
prove the superior performance and diagnostic quality to you. 

of our system to your own satisfaction. For action, just use the coupon below. 





AVIONICS SALES & SERVICE CENTERS 


m Stamford m Miami = Montreal m St. Louis m San Francisco 
. m Baltimore m Cincinnati m Chicago m Dallas m Seattle 
. WM Atlanta = Detroit = Minneapolis = Los Angeles = Brussels 


[ Please send me your Exercise Stress Test Heart Monitoring brochure. | would like to 
know more about this new system. 


O Send the literature, and schedule me for a visiting demonstration. 
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AVIONICS BIOMEDICAL DIVISION 
Del Mar Engineering Laboratories, 6901 West Imperial Highway, Los Angeles, California 90045/Phone: (213) 641-7700 
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445 Sinus Nodal Responses to Atrial Extrastimuli in Patients Without Apparent Sinus Node Disease 


RAMESH C. DHINGRA, CHRISTOPHER WYNDHAM, FERNANDO AMAT-Y-LEON, PABLO DENES, 
DELON WU and KENNETH M. ROSEN 


Scanning with an atrial extrastimulus (A2) disclosed zones of nonreset and reset in all 36 subjects with normal 
sinus nodal function. Zones of interpolation and echoes were much less common. Sinoatrial conduction time 
(92 + 30 msec) was long in these patients without apparent sinus node disease. 


EXPERIMENTAL STUDIES 


453  Nitroglycerin in Experimental Myocardial Infarction. Effects on Regional Left Ventricular Length and 
Tension 


VIDYA S. BANKA, MONTY M. BODENHEIMER and RICHARD H. HELFANT 


Nitroglycerin exerts a differential effect on the myocardium after coronary occlusion. The nonischemic zone 
shows significant contractile improvement manifested by an increase in tension and decrease in length; the 
border zone shows qualitatively similar changes of lesser magnitude; the ischemic zone is unaffected. This 
study supports the potential clinical usefulness of nitroglycerin in patients with acute myocardial infarction. 


459  Dissociation of the Inotropic Effect of Digitalis From Its Effect on Atrioventricular Conduction 
YOUNG |. KIM, R. JOE NOBLE and DOUGLAS P. ZIPES 


Data obtained in open chest dogs indicate a dissociation between the effects of digitalis on contractility and 
atrioventricular (A-V) dissociation. Digitalis acts on the ventricular contractile mechanism in a direct, linear 
fashion and on A-V nodal transmission as a nonlinear response that is mediated mainly through the autonomic 
nervous system. The optimal dose and serum level of digitalis needed to treat congestive heart failure may 
therefore differ from those needed to treat supraventricular tachycardias. 


METHODS 


468 Improved Diagnosis in Coronary Cinearteriography with Routine Use of 110^ Oblique Views and 
Cranial and Caudal Angulations. Comparison with Standard Transverse Oblique Views in 100 Patients 


HAROLD E. ALDRIDGE, MICHAEL J. McLOUGHLIN and KENNETH W. TAYLOR 


Of 100 patients undergoing coronary arteriography, use of the Siemen's Cardioskop-U unmasked in 20 percent 
additional lesions that would have been missed by conventionally mounted X-ray systems, significantly im- 
proved the diagnosis in another 34 percent and detected lesions in 4 of 12 patients with apparently normal ar- 
teriograms in standard projections. 


474 Comparison of Observer Performance with 16 mm Cinefluorography and 70 mm Camera Fluorography 
in Coronary Arteriography 


LARS BJORK, HUGO SPINDOLA-FRANCO, FRANCIS X. VAN HOUTEN, PETER F. COHN and 
DOUGLASS F. ADAMS 


There were significant inter- and intraobserver differences in assessing the degree of coronary arterial stenosis 
by means of clinical 16 mm cinefluorography and 70 mm camera fluorography. Interobserver variation in de- 
tecting collateral circulation was small. Coronary arteriography remains a semiquantitative method whose reli- 
ability is increased by the use of more than one observer. 
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will pay for this EK-5A. 


Now through October 31st, order a new Burdick EK-5A elec- 
trocardiograph, and we'll give you enough Lectro-pads, paper, 
and mounts for 100 ECGs. And 100 are more than enough to 
cover the cost of your EK-5A. 

The Burdick EK-5A is an instant-on solid-state electrocardio- 
graph with a coveted reputation for accuracy, definition, and 
dependability. It exceeds the minimum American Heart As- 
sociation frequency-response recommendations, is Data- 
Phone-compatible, and is backed by our there-when-you- 
need-us service. 

How often is there a pay-for-itself opportunity like this on 
something there's really reason to have? Take advantage of 
this, before the October 31st deadline, by calling toll-free 
800-356-0701. In Wisconsin: (608) 868-7631. Or write to The 
Burdick Corporation, Milton, Wisconsin 53563. 
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PEDIATRIC CARDIOLOGY 


479 Survival After Systemic to Pulmonary Arterial Shunts in Infants Less Than 30 Days Old with 
Obstructive Lesions of the Right Heart Chambers 


KALIM UDDIN AZIZ, PETER M. OLLEY, RICHARD D. ROWE, GEORGE A. TRUSLER and 
WILLIAM T. MUSTARD 


In a group of 97 infants less than 30 days old with obstructive lesions of the right heart chamber undergoing 
palliative surgery between 1950 and 1972, the overall surgical mortality rate was 34 percent in the 61 patients 
seen after 1965 and 78 percent in the 36 patients seen before 1965. The surgical mortality rate in infants oper- 
ated on during the 1st week of life was double that of infants operated on in the 2nd through 4th weeks. Pri- 
mary repair is preferable if the risk approximates that of palliative procedures. 


484 Results of Pulmonary Arterial Banding in Infancy. Survey of 5 Years’ Experience in the New England 
Regional Infant Cardiac Program 


KENNETH J. DOOLEY, LUCY PARISI-BUCKLEY, DONALD C. FYLER and ALEXANDER S. NADAS 


The overall survival rate to age 1 year was 63 percent in 238 infants subjected to pulmonary arterial banding. 
Survival was least likely (37 percent) in those who required banding in the 1st month of life. Banding is recom- 
mended primarily for infants with defects potentially correctable after the 1st year of life. Ten percent of the in- 
fants in this series had lesions presently considered uncorrectable and their survival rate was poor, less than 
one third reaching their first birthday. 


489 Considerations in the Surgical Management of Infantile Coarctation of Aorta 
JOHN P. CONNORS, ALEXIS F. HARTMANN, Jr. and CLARENCE S. WELDON 


Modifications in operative and postoperative care, including microsurgical techniques, careful approximation of 
the aortic lumen with interrupted sutures, prolonged ventilatory support postoperatively, controlled positive air- 
way pressure and continued aggressive medical therapy for heart failure, have significantly reduced the opera- 
tive mortality rate from 38 to 17 percent and the incidence rate of significant restenosis from 60 to 33 percent 
in infants with infantile coarctation of the aorta. 


493 Cardiac Catheterization in Small Infants: The Percutaneous Approach 
JOHN H. GAY 


With use of the technique described in this report, percutaneous sheath cardiac catheterization proved suc- 
cessful in 90 percent of 20 infants weighing less than 4.2 kg. This technique is quickly performed, preserves 
venous integrity, has a low rate of morbidity, minimizes formation of scar tissue, reduces infection and is readily 
acceptable to the patient and his parents. 


REVIEWS 


496 Ischemic Heart Disease: An Overview 
RICHARD S. ROSS 


In patients with ischemic heart disease coronary arterial surgery improves the quality of life by reducing symp- 
toms, but there is no convincing evidence that it improves ventricular function or increases survival time. In- 
creased blood flow to the ischemic area, infarction of ischemic myocardium or the nonspecific effects of sur- 
gery may account for the improvement. The prevention of coronary arteriosclerosis is considered a preferable 
and attainable long-term solution to the problem of ischemic heart disease. 
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Model 660 Features: 


2-channel playback of Holter recordings 
2-channel paper writer 

120:1 playback ratio (24-hour recording 
scanned in 12 minutes) 

Trend recording of S-T segment and heart rate 
Digital display and chart recording of 
ventricular and supraventricular ectopic beats 
Total heart beat counter 

Digital display clock 

Automatic time print-out on ECG write-out 
Adjustable delay loop for tape deck 

Solid state, modular design 
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Now available to every physician... an advanced 
ECG system for post MI follow-up, pacemaker 
evaluation, evaluation of drug administration, and 
detecting the causes of such fleeting symptoms as 
phantom chest pains and dizziness. 


Model 425 Holter Monitor 
Provides a 2-channel, 24-hour ECG recording of 
ambulatory patients. 


Model 660 Electrocardioscanner® 

Performs a 12-minute scan of the 24-hour, 2-chan- 
nel tape recording and provides standard ECG 
documentation of abnormalities and quantification 
of arrhythmia and ischemic data. 


[] Please send me the literature. | would like to know more about Holter monitoring 
and the Avionics Dynamic Electrocardiographic Systems. 


[] Send the literature, and schedule me for a visiting demonstration. | am definitely 
interested in acquiring this kind of equipment. 
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AVIONICS BIOMEDICAL DIVISION 
Del Mar Engineering Laboratories, 6901 West Imperial Highway, Los Angeles, Calif. 90045/Phone: (213) 641-7700 
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HISTORICAL MILESTONES 


506 Experiments on Heart Valves (1908) by Harvey Cushing and J. R. B. Branch 
SAUL JARCHO | 


Not to be overlooked in the glow of today's golden era of cardiac surgery are the experiments on canine heart 
valves performed late in the 19th century that led Cushing and Branch, the authors of these excerpts, as well 
as Brunton, to envision clearly and practically the surgical attack on valvular disease in man. These excerpts 
summarize the beginnings of such cardiac surgery. 


CASE REPORTS 


509 Coronary Insufficiency in Children. Coronary Arteriographic Studies in Two Siblings From a Family with - 
Hyperbetalipoproteinemia 


DAVID BIALOSTOZKY, MARTIN LUENGO, CLEMENTINA MAGOS and EDUARDO ZORRILLA 


Homozygous type Il hyperbetalipoproteinemia, characterized by a high serum level of low density lipoprotein 
(LDL), is highly atherogenetic. In the M family with this familial disorder, one 11 year old boy had progressive ob- 
struction of two coronary arteries, angina pectoris, myocardial infarction, cardiomegaly and congestive heart 
failure over a 2 year period. A 9 year old sister with apparently normal coronary arteries remains asymptomat- 
ic. Other family members showed cardiovascular stigmata of this familial genetic disorder, found in 1 of every 
150 to 200 live births. 


515 Coronary Artery Disease in an 18 Year Old Girl with Pseudoxanthoma Elasticum: Successful Surgical 
Therapy 


JOHN M. BETE, JOHN S. BANAS, Jr., JOHN MORAN, VIVIAN PINN and HERBERT J. LEVINE 


A triple coronary artery-saphenous vein bypass graft was successfully performed with good results in an 18 
year old girl with pseudoxanthoma elasticum, angina pectoris for 8 years and an old anteroseptal myocardial in- 
farction. The patient became asymptomatic and able to resume a more normal life, including marriage and 
pregnancy. 


521 Multiple Ventricular Aneurysms 
BABASOLA O. OKUWOBI 


Most patients with multiple ventricular aneurysms, like this 17 year old Nigerian girl without symptoms of cardi- 
ac disability, have been African Negroes free of coronary artery disease. After presenting with ventricular 
tachycardia that reverted to normal after an intravenous injection of 50 mg of lidocaine, this girl remained clini- 
cally well. The pathogenesis of this unusual condition is uncertain. 


524  Herniation of Mitral Leaflets in the Ehlers-Danlos Syndrome 
KENNETH D. BRANDT, ROBERT D. SUMNER, THOMAS J. RYAN and ALAN S. COHEN 


The “floppy valve" syndrome, a common feature of Marfan's syndrome, may also occur in patients with other | 
heritable disorders of connective tissue. This report describes a 47 year old man with typical Ehlers-Danlos syn- 
drome and mitral regurgitation arising from atrial herniation of the posterior leaflet of the mitral valve. 

Continued on page A19 
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call for our Pacemaker Follow-up File. Or visit with 
us at the American Heart Association Scientific 
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Ka The place of INDERAL (propranolol 

— hydrochloride) among the standard drugs for the 

— treatment of disturbed cardiac rhythm has been 

_ frequently reaffirmed throughout seven years of 

". clinical use. In fact, after withdrawal of digitalis, 

— ^ ,..It may be the treatrhent of choice for 

- digitalis-induced arrhythmias, provided 

—. hypokalemia is not present." It has been widely 
used in selected supraventricular arrhythmias 

.. that have proved resistant to digitalis and in 

_ tachyarrhythmias precipitated by exercise, 

'. - emotional stress, or undesirable sympathetic 

- .. Stimulation;and it is also effective in controlling 

supraventricular tachyarrhythmias related to the 

— Wolff-Parkinson-White syndrome: 
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m tachycardias 
E and arrhythmias 
due to thyrotoxicosis 


Although propranolol may accomplish only the 
' reduction of the heart rate in hyperthyroidism, it has 
proved useful for this purpose. Sinus tachycardia 
in hyperthyroidism which causes symptoms 
may be relieved by the administration of 
propranolol before definitive therapy....The 
author has observed that atrial fibrillation - 
complicating hyperthyroidism was easily terminated 
using modest doses of propranolol. '* 


in the inner circle o 
Inderal stands out 


INDERAL protects the heart from undesirable 
catecholamine stimulation through its beta blocking 
action. Propranolol occupies the beta-receptor 
sites, making them unavailable to the beta- 
adrenergic stimulating effects of catecholamines. 
INDERAL is the first beta-adrenergic blocking agent 
in clinical cardiologic use. 


1 : valuable in restoring the heart to 
atra tac YCadl la regular sinus rhythm. ? “Paroxysm 
atrial tachycardia induced by e 
T T Tt : ercise...has uniformly bee 
prevented by propranolol,” ar 
results with INDERAL in tr 
Wolff-Parkinson-White sy! 
drome '...have been favorab 
inall butafew patients reporte 
This condition appears to t 
one of the more definite inc 
cations for propranolol.” * 
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"Sinustachycardiainduced by stress 
.may be inappropriate to the needs 
of the patient and, in fact, may be 
causing symptoms of itself. If the 
clinical situation does not sug- 
|. gest a needed compensatory 
! sinus tachycardia and the heart 
rate is indeed inappropriate, 
treatment with propranolol has 
been successful. "* 
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In cases of atrial premature beats frequent 


enough that they could herald the onset 
of atrial fibrillation, it has been 
recommended that propranolol be used 
after other measures have 

failed to control the beats‘ 









antiarrhythmia agents | 
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Ses : u Het “In the presence of atrial flutter, ventricular rate 

is often difficult to control, and, as with an atrial 

arigato, propranolol hydrochloride 

should be added when the flutter 

is not controlled by digitalis, 

especially in the presence of mitral 
valve disease. '* 
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atrial f Ori | lation “One salutary effect of propranolol is slowing of 
the ventricular rate in atrial flutter and fibrilla- 

tion.’ *In a review of the literature, it 

HD sane EH HE ares m was noted that most patients with 
SI | | n iH E E: | fibrillation not controlled by digi- 
i talis alone experienced slowing 

of the ventricular rate after admin- 


istration of propranolol and a few 
reverted to sinus rhythm." 










25:120 (Apr.) 1970. 2. Chung, A 
E.K.: Postgrad. Med. 53:10 

O gi alis intoxication (Apc) 197365 Hanson, D C. 
"Propranolol is very effective in treating [ Arrhythmias, Ayerst 
arrhythmias caused by digitalis excess. Its use Laboratories, 1971, p. 10. 
block, both of which can be potentiated by R-H.: Med. Times 98.118 (Jan.) 
propranolol. However, if given in small doses ISAO S SOR MEM 
Laboratories, 1971, p. 7. 

7. Gibson. D., and Sowton, 
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a Ya [ y n là S and Harrison, D.C.: Geriatrics 
^ Clinical Guide to the Use of. -~ 
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in this setting may be limited by the presence of CHEER ibid EIE HERD EH i 4. Reynolds, E.W.: Geriatrics 
significant congestive heart failure or heart  $ ; : Hi TET! PII]  "gpkees spaseempr" + 26:150 (Feb.) 1971. 5. Helfant, 
: Aha ba Arrhythmias and Beta- 
with careful monitoring, it is often of great Adrenergic Blockade, Ayerst 
value in the treatment of digitalis toxicity. * 
E.: Prog. Cardiovasc. Dis. 
12:16 (July) 1969. 
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(See last page of advertisement for prescribing information.) 


BRIEF SUMMARY 
l (For full prescribing information, see package circular.) 


l 
. Brand of 


popen hydrochloride 


A beta-adrenergic blocking agent 
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BEFORE USING INDERAL (PROPRANOLOL HYDRO- 
CHLORIDE), THE PHYSICIAN SHOULD BE THOROUGHLY 
FAMILIAR WITH THE BASIC CONCEPT OF ADRENERGIC 


RECEPTORS (ALPHA AND BETA), AND THE PHARMA- 
 COLOGY OF THIS DRUG. 
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INDICATIONS: 
~ Cardiac Arrhythmias 
Si ) pranine arrhythmias 
) Paroxysmal atrial tachycardias, particularly those arrhythmias 
E _ induced by catecholamines or digitalis or associated with the 
<- —- Wolff-Parkinson-White syndrome. (See W-P-W under 
S WARNINGS.) 
—— b) Persistent sinus tachycardia which is non-compensatory and 
impairs the well-being of the patient. 
c} Tachycardias and arrhythmias due to thyrotoxicosis when 
causing distress or increased hazard and when immediate 
- . effect is necessary as adjunctive, short term (2-4 weeks) 
_ therapy. 
— May be used with, but not in place of, specific therapy. (See 
-. —. Thyrotoxicosis under WARNINGS.) 
Es - d} Persistent atrial extrasystoles which impair the well-being 
of the patient and do not respond to conventional measures. 
 — e} Atrial flutter and fibrillation when ventricular rate cannot be 
|. controlled by digitalis alone, or when digitalis is contraindicated. 
E 2.) Ventricular tachycardias 
Ventricular arrhythmias do not respond to propranolol as predict- 
` ably as do the supraventricular arrhythmias. 
<- a) Ventricular tachycardias 
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Mas With the exception of those induced by catecholamines or 
digitalis, INDERAL is not the drug of first choice. In critical 
. . Situations when cardioversion technics or other drugs are not 


«~ indicated or are not effective, INDERAL may be considered. If, 
` -after consideration of the risks involved, INDERAL is used, it 
- Should be given intravenously in low dosage and very slowly. 
-- . (See DOSAGE AND ADMINISTRATION.) Care in the administra- 
p. tion of INDERAL with constant electrocardiographic monitoring 
-. 4s essential as the failing heart requires some sympathetic 
 . .. ürive for maintenance of myocardial tone. 
b} Persistent premature ventricular extrasystoles which do not 
jp respond to conventional measures and impair the well-being 
t of the patient. 
3.) Tachyarrhythmias of digitalis intoxication 
— Wf digitalis-induced tachyarrhythmias persist following discon- 
. .. tinuance of digitalis and correction of electrolyte abnormalities, 
they are usually reversible with ora/ INDERAL. Severe bradycardia 
may occur. (See OVERDOSAGE OR EXAGGERATED RESPONSE.) 
Intravenous propranolol hydrochloride is reserved for life- 
| threatening arrhythmias. Temporary maintenance with oral 
- — therapy may be indicated. (See DOSAGE AND ADMINISTRATION. 
- 4) Resistant tachyarrhythmias due to excessive catecholamine 
action during anesthesia. 
Tachyarrhythmias due to excessive catecholamine action during 
anesthesia may sometimes arise because of release of endo- 
genous catecholamines or administration of catecholamines. 
When usual measures fail in such arrhythmias, INDERAL may be 
= given intravenously to abolish them. All general inhalation 
.. anesthetics produce some degree of myocardial depression. 
_ Therefore, when INDERAL is used to treat arrhythmias during 
E. anesthesia, it should be used with extreme caution and constant 
i ECG and central venous pressure monitoring. (See WARNINGS.) 
_ Hypertrophic Subaortic Stenosis 
- INDERAL is useful in the management of hypertrophic subaortic 
_ Stenosis, especially for treatment of exertional or other stress- 
~ induced angina, palpitations, and syncope. INDERAL also improves 
exercise performance. The effectiveness of INDERAL in this disease 
- appears to be due to a reduction of the elevated outflow pressure 
-gradient which is exacerbated by beta receptor stimulation. Clinical 
- improvement may be temporary. 
- Pheochromocytoma 
- After primary treatment with an alpha-adrenergic blocking agent 
- has been instituted, INDERAL may be useful as adjunctive therapy if 
. the control of tachycardia becomes necessary before or during 
" . Surgery. 
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It is hazardous to use INDERAL unless alpha-adrenergic blocking 
drugs are already in use, since this would predispose to serious 
blood pressure elevation. Blocking only the peripheral dilator (beta) 
action of epinephrine leaves its constrictor (alpha) action unopposed. 

In the event of hemorrhage or shock, there is a disadvantage in 
having both beta and alpha blockade since the combination prevents 
the increase in heart rate and peripheral vasoconstriction needed 
to maintain blood pressure. 

With inoperable or metastatic pheochromocytoma, INDERAL may 
be useful as an adjunct to the management of symptoms due to 
excessive beta receptor stimulation. 

CONTRAINDICATIONS: INDERAL is contraindicated in: 1) bronchial 
asthma; 2) allergic rhinitis during the pollen season; 3) sinus 
bradycardia and greater than first degree block; 4) cardiogenic 
shock; 5) right ventricular failure secondary to pulmonary hyperten- 
sion; 6) congestive heart failure (see WARNINGS) unless the failure 
is secondary to a tachyarrhythmia treatable with INDERAL; 7) in 
patients on adrenergic-augmenting psychotropic crugs {including 
MAO inhibitors), and during the two week withdrawal period from 
such drugs. 

WARNINGS: CARDIAC FAILURE: Sympathetic stimulation is a vital 
component supporting circulatory function in congestive heart 
failure, and inhibition with beta-blockade always carries the poten- 
tial hazard of further depressing myocardial contractility and 
precipitating cardiac failure. INDERAL acts selectively without 
abolishing the inotropic action of digitalis on the heart muscle (/.&. 
that of supporting the strength of myocardial contractions). How- 
ever, the inotropic action of digitalis may be reduced by INDERAL'S 
opposite inotropic effect. The effect of INDERAL and digitalis are 
additive in depressing AV conduction. 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, continued 
depression of the myocardium over a period of time can, in some 
cases, lead to cardiac failure. In rare instances, this has been 
observed during INDERAL therapy. Therefore, at the first sign or 
symptom of impending cardiac failure, patients should be fully 
digitalized, and the response observed closely: (a) if cardiac failure 
continues, INDERAL therapy must be immediately withdrawn; (b) if 
tachyarrhythmia is being controlled, patients should be main- 
tained on combined dosage and the patient closely followed until 
threat of cardiac failure is over. 

IN PATIENTS WITH THYROTOXICOSIS, possible deleterious effects 
from long term use have not been adequately appraised. Special 
consideration should be given to propranolol's potential for aggra- 
vating congestive heart failure. Propranolol may mask the clinical 
signs of continuing hyperthyroidism or complications and give a 
false impression of improvement. Propranolo| does not distort 


~ thyroid function tests. 


IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several 
cases have been reported in which, after propranolo!, the tachy- 
cardia was replaced by a severe bradycardia requiring a demand 
pacemaker. In one case this resulted after an initial dose of 5 mg. 
propranolol. 

IN PATIENTS DURING ANESTHESIA with agents that require cate- 
cholamine release for maintenance of adequate cardiac function, 
beta blockade will impair the desired inotropic effect. Therefore, 
INDERAL should be titrated carefully when administered for 
arrhythmias occurring during anesthesia. 

IN PATIENTS UNDERGOING MAJOR SURGERY, beta blockade im- 
pairs the ability of the heart to respond to reflex stimuli. For this 
reason, with the exception of pheochromocytoma, INDERAL should 
be withdrawn 48 hours prior to surgery, at which time all chemical 
amd physiologic effects are gone according to available evidence. 
However, in case of emergency surgery, since INDERAL is a competi- 
tive inhibitor of beta receptor agonists, its effects can be reversed 
by administration of such agents, e.g. isoproterenol or levarterenol. 
However, such patients may be subject to protracted severe hypo- 
tension. Difficulty in restarting and maintaining the heart beat has 
also been reported. 

IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g. 
CHRONIC BRONCHITIS, EMPHYSEMA), INDERAL should be admin- 
istered with caution since it may block bronchodilation produced by 
endogenous and exogenous catecholamine stimulation of beta 
receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of 
its beta-adrenergic blocking activity, INDERAL may prevent the 
appearance of premonitory signs and symptoms (pulse rate and 
pressure changes) of acute hypoglycemia. Especially important 
with labile diabetics. 

USE IN PREGNANCY: The safe use of INDERAL in human preg- 
nancy has not been established. Use of any drug in pregnancy or 
women of childbearing potential requires that the possible risk to 
mother and/or fetus be weighed against the expected therapeutic 


benefit. 

PRECAUTIONS: Patients receiving catecholamine depleting drugs 
such as reserpine should be closely observed if INDERAL is admin- 
istered. The added catecholamine blocking action of this drug may 
then produce an excessive reduction of the resting sympathetic 
nervous activity. Occasionally, the pharmacologic activity of INDERAL 


et 


may produce hypotension and/or marked bradycardia resulting in 
vertigo, syncopal attacks, or orthostatic hypotension. 

When discontinuance of chronically administered INDERAL is 
planned, the dosage should be gradually reduced over a period of 
several weeks and the patient should continue to be carefully 
monitored. There have been reports of myocardial infarction 
occurring in angina pectoris patients following abrupt discon- 
tinuation of INDERAL therapy. 

As with any new drug given over prolonged periods, laboratory 
parameters should be observed at regular intervals. The drug should 
be used with caution in patients with impaired renal or hepatic 


function. 

ADVERSE REACTIONS: Cardiovascular: bradycardia; congestive 
heart failure; intensification of AV block; hypotension; paresthesia 
of hands; arterial insufficiency, usually of the Raynaud type; 
thrombocytoperic purpura. 

Central Nervous System: lightheadedness; mental depression 
manifested by insomnia, lassitude, weakness, fatigue; reversible 
mental depression progressing to catatonia; visual disturbances; 
hallucinations; en acute reversible syndrome characterized by dis- 
orientation for time and place, short term memory loss, emotional 
lability, slightly clouded sensorium, and decreased performance on 
neuropsychometrics. 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal 
cramping, diarrhea, constipation 

Allergic: pharyngitis and agranulocytosis, erythematous rash, 
fever combined with aching and sore throat, laryngospasm and 
respiratory distress 

espiratory: bronchospasm 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, 
thrombocytopenic purpura 

Miscellaneous: reversible alopecia 

Clinical Laboratory Test Findings: Elevated blood urea levels in 
patients with severe heart disease, elevated serum transaminase, 
alkaline phosphatase, lactate dehydrogenase 
DOSAGE AND ADMINISTRATION: The oral route of administra- 
tion is preferred. 


ORAL 

ARRHYTHMIAS— 2990 mg. three or four times daily, before 
meals and at bedtim 

HYPERTROPHIC SUBAORTIC STENOSIS—20-40 mg. three or 
four times daily, before meals and at bedtime. 

PHEOCHROMOCYTOMA — Preaperatively—60 mg. daily in 
divided doses for three days prior to surgery, concomitantly with an 
alpha-adrenergic blocking agent. 

—Management of inoperable tumor— 30 mg. daily in divided doses. 
PEDIATRIC DOSAGE 

At this time the data on the use of the drug in this age group are 
too limited to permit adequate directions for use. 
INTRAVENOUS 

Intravenous administration is reserved for life-threatening 
arrhythmias or those occurring under anesthesia. The usual dose is 
from 1 to 3 mg. administered under careful monitoring, &.g. 
electrocardiographic, central venous pressure. The rate of admin- 
istration should not exceed 1 mg. (1 cc.) per minute to diminish the 
possibility of lowering blood pressure and causing cardiac stand- 
still. Sufficient time should be allowed for the drug to reach the site 
of action even when a slow circulation is present. If necessary, a 
second dose may be given after two minutes. Thereafter, additional 
drug should not be given in less than four hours. Additional 
INDERAL should not be given when the desired alteration in rate 
and/or rhythm is achieved. 

Transference to oral therapy should be made as soon as possible. 
OVERDOSAGE OR EXAGGERATED RESPONSE: IN THE EVENT 
OF OVERDOSAGE OR EXAGGERATED RESPONSE, THE FOLLOWING 
MEASURES SHOULD BE EMPLOYED: BRADYCARDIA — ADMIN- 
ISTER ATROPINE (0.25 to 1.0 mg.): IF THERE IS NO RESPONSE 
TO VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY 

CARDIAC FAILURE—DIGITALIZATION AND DIURETICS 

HYPOTENSION—VASOPRESSORS, e.g. LEVARTERENOL OR 
EPINEPHRINE (THERE IS EVIDENCE THAT EPINEPHRINE IS THE 
DRUG OF CHOICE.) 
tet yey Reds ate ISOPROTERENOL AND AMINO- 
HOW SUPPLIED: INDERAL (propranolol hydrochloride) TABLETS 
No. 461 —Each tablet contains 10 mg. of propranolol hydrochloride, 
in bottles of 100 and 1,000. 

No. 464 — Each tablet contains 40 mg. of propranolol! hydrochloride, 
in bottles of 100 and 1,000. 

INJECTABLE No. 3265—Each cc. contains 1 mg. of propranolol 
hydrochloride in Water for Injection. The pH js adjusted with citric 
acid. Supplied as: 1 cc. ampuls in boxes of 10. 


AYERST LABORATORIES 
New York. N.Y. 10017 
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Stat regimen for rapid 
reduction of blood pressure 
in malignant hypertension 









direct-action 


O Rapid reduction to normotensive levels 

Induces rapid reduction of blood pressure generally 
within 5 minutes... often in 1 or 2 minutes to the lowest 
level achieved. Blood pressure response facilitated by 
appropriate diuretic therapy. 


O Prolonged activity 

A single injection of HYPERSTAT I.V. generally maintains 
blood pressure below pretreatment levels for periods 
up to 12 hours. 


O Protective action — helps avert target 
organ damage 

Cardiac output increases as diastolic pressure is 
reduced. Coronary and cerebral blood flow maintained. 
Increased renal blood flow after transient decrease. 


Administration 
guidelines 


HAT. 


4 Hospitalized 
.« patient should 
be recumbent. 





dose of HYPERSTAT 
IV. Injection (20 ml. 
ampule contains 
300 mg. diazoxide). 


ES. (CRY 








3 Insert needle 
a only Into 
a peripheral vein 


ig 











“The injection of the [diazoxide] bolus 
in 10to 15 seconds results in a prompt 
blood pressure fall in a high 
percentage of cases. A maximal blood 
pressure response usually occurs 
within 5 to 10 minutes. * 


O Uncomplicated procedure 

Simple I.V. “push” in a peripheral vein in 30 seconds or 
less. Close monitoring at frequent intervals is necessary 
until blood pressure is stabilized (generally 15-30 minutes). 
Thereafter, hourly measurement should be taken during 
the balance of effect. 


O Stable...convenient...no preparation 


HYPERSTAT I.V. Injection supplied in a 20 ml. ampule 
containing a stable solution of diazoxide 300 mg. 
...Teady to use. 


*Marvin Moser, M.D., Assistant Professor of Clinical Medicine, Albert 
Einstein College of Medicine, and Chief of Cardiology. White Plains 
Hospital, White Plains, N.Y., in Diazoxide — an effective vasodilator in 
accelerated hypertension. Am Heart J 87(6): 791-795, June 1974. 





Remove needle 
a carefully—_ 
avoid extravasation. 


Inject entire 
a dosel.V. in 
30 seconds or less. 





By ee AR dS 
Patient should Monitor blood 8 If patient is to be 9 HYPERSTAT LV. 
» remain recum- = pressure closely e ambulatory, » Injection should 


until stabilized — 
usually 15-30 minutes. 


bent for at least half 
an hour after injection. 


Copyright © 1975, 
Schering Corporation. 
All rights reserved. 


blood pressure should 
be measured in 
standing position 
before surveillance 

is ended. 


be continued until a 
regimen of oral 
antihypertensive 
medication becomes 
effective — generally 
within a few days. 


Before prescribing HYPERSTAT LV. Injection. please consult complete product information on next nane 
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Stat regimen for 
rapid reduction 
of blood pressure 
in malignant 
hypertension 


FOR INTRAVENOUS USE IN HOSPITALIZED PATIENTS ONLY 


Description | HYPERSTAT I.V. Injection is a rapidly acting antihypertensive agent. 
Each ampule (20 ml.) contains 300 mg. diazoxide, a nondiuretic benzothiadiazine 
derivative, in a clear, colorless, aqueous solution; the pH is adjusted to approx- 
imately 11.6 with sodium hydroxide. Diazoxide is 7-chloro-3-methyl-2H 1, 2, 4-benzo- 


- . thiadiazine 1, 1-dioxide. 


Actions HYPERSTAT I.V. Injection produces a prompt reduction in blood pressure by 
relaxing smooth muscle in the peripheral arterioles. Cardiac output is increased as 
blood pressure is reduced by diazoxide; coronary and cerebral blood flow are main- 
tained, Renal blood flow is increased after an initial decrease. Diazoxide has no known 
direct action on the central nervous system. 

Patients refractory to other antihypertensive agents usually remain responsive 
to diazoxide. 

Diazoxide is extensively bound to serum protein (9096). The plasma half-life is 
28 +8.3 hours; however, the duration of its antihypertensive effect is variable, 
generally lasting less than 12 hours. Although an antihypertensive response has been 
obtained with slow intravenous injection, in general, a greater antihypertensive effect 
is obtained with rapid intravenous administration. 


Indications HYPERSTAT I.V. Injection is indicated for the emergency reduction of 
blood pressure in malignant hypertension in hospitalized patients, when prompt and 
urgent decrease of diastolic pressure is required. Treatment with crally effective anti- 
dori de id agents should be instituted as soon as the hypertensive emergency is 
controlled. 

HYPERSTAT (diazoxide) I.V. Injection is ineffective against hypertension due to 
pheochromocytoma. 


Contraindications | HYPERSTAT I.V. Injection should not be used in the treatment of 
compensatory hypertension, such as that associated with aortic coarctation or arte- 
riovenous shunt. 

The drug should not be used in patients hypersensitive to diazoxide or other thi- 
azides, unless the potential benefits outweigh the possible risks. 

Warnings Usage in Pregnancy: The safety of HYPERSTAT I.V. Injection in pregnancy 
has not yet been established. 

Information is not available concerning the passage of HYPERSTAT in breast milk. 
However, it is known that diazoxide crosses the placental barrier and appears in cord 
blood. Like other thiazides, the drug may produce fetal or neonatal hyperbilirubin- 
emia, thrombocytopenia, altered carbohydrate metabolism, and possibly other 
adverse reactions that have occurred in adults. 

Usage in Children: The safety of HYPERSTAT I.V. Injection in children has not yet 
been established. 

Hypotension may occasionally result from the administration of HYPERSTAT I.V. 
If hypotension severe enough to require therapy occurs, it will usually respond to 
the administration of sympathomimetic agents, such as norepinephrine. 

Hyperglycemia occurs in the majority of patients, but usually requires treatment 
only in patients with diabetes mellitus; it will respond to the usual management, in- 
ur d insulin. Therefore, blood glucose levels should be monitored especially in 
patients with diabetes or in those requirin Mete qu injections of diazoxide. Hyper- 
glycemia and hyperosmolar coma associated with transient cataracts developed in 
one infant receiving repeated daily doses of oral diazoxide. The disturbed carbo- 
hydrate metabolism was successfully treated with insulin. Cataracts have been ob- 
served ina fewanimals receiving repeated daily doses of intravenous or oral diazoxide. 

Since diazoxide causes sodium retention, repeated injections may precipitate 
edema and congestive heart failure. This retention responds characteristically to 
diuretic agents if adequate renal function exists. It should be noted that concurrently 
administered thiazides may potentiate the antihypertensive, hyperglycemic, and 
get led reali actions of diazoxide (See Drug Interactions). 

ince increased volume of extracellular fluid may be a cause of treatment failure in 
nonresponsive patients, it may be advisable to reduce this increased volume by 
means of a diuretic agent. 

Although no evidence of excessive anticoagulant effects has been reported, 
ghetto especially those who are hypoalbuminemic and receive HYPERSTAT I.V. 

njection and coumarin or its derivatives, may require reduction in dosage of the 
anticoagulant (See Drug Interactions). 


Precautions | HYPERSTAT (diazoxide) .V. Injection is a potent antihypertensive agent 
requiring close monitoring of the patient's blood pressure at frequent intervals. 
Its administration may occasionally cause hypotension requiring treatment with 
sympathomimetic drugs. Therefore, adequate facilities to treat such untoward 
reactions should be available when HYPERSTAT I.V. Injection is used. | 

HYPERSTAT I.V. Injection should be administered only into a peripheral vein. 
Becausethe alkalinity of the solution is irritating to tissue, extravascular injection or 
leakage should be avoided; subcutaneous administration has produced inflammation 
and pain without subsequent necrosis. If leakage into subcutaneous tissue occurs, 
the area should be treated conservatively. S 

Maximal antihypertensive effects occur after rapid administration (within 30 sec- 
onds) into the vein; a slower injection may fail to reduce blood pressure or produce a 
very brief response. = 

As with any potent antihypertensive agent, HYPERSTAT I.V. Injection should be used 
with care in patients who have impaired cerebral or cardiac circulation, that is, 
patients in whom abrupt and brief reductions in blood pressure might be detrimental. 

Special attention is required for patients with diabetes mellitus and those in whom 
retention of salt and water may present serious problems (See Warnings). Nondiabetic 
p may have a transient, reversible, and clinically insignificant increase in 

lood glucose following HYPERSTAT I.V. Injection. 

Since peritoneal dialysis or hemodialysis can reduce levels of diazoxide in the 
blood, patients undergoing dialysis may require more than one injection. 
Adverse Reactions l 

Frequent and serious adverse reactions: Sodium and water retention after repeated 
injections, especially important in patients with impaired cardiac reserve; hyper- 
glycemia frequently requiring treatment in diabetic patients, especially after 
repeated injections. | r 

Infrequent but serious adverse reactions: Hypotension to shock levels; myocardial 
and/or cerebral ischemia, usually transient but possibly leading to thrombosis and 
manifested by angina, atrial and ventricular arrhythmias, and marked electrocardio- 
graphic changes; unconsciousness, convulsions, paralysis, or confusion; persistent 
retention of nitrogenous wastes after repeated injections; sensitivity reactions, such 
as rash, leukopenia, and fever. Rarely, acute pancreatitis has been reported. 

Other adverse reactions: Nausea, vomiting, and/or abdominal discomfort; vaso- 


- dilative phenomena, such as flushing, generalized or localized sensations of warmth, 


direct-action 
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headache (sometimes throbbing), and sweating; orthostatic hypotension, light- 
headedness, and weakness of short duration; supraventricular tachycardia and 
palpitation; transient hyperglycemia in nondiabetic patients; transient retention of 
nitrogenous wastes; nonanginal "tightness in the chest"; warmth or pain along the 
injected vein; cellulitis without sloughing and/or phlebitis at the site of extravasa- 
tion; anorexia and alteration of taste; ileus; bradycardia; back pain; chest discomfort; 
dyspnea, choking sensation; apprehension or anxiety, malaise, and blurred vision 
occurred on single occasions; parotid swelling, salivation, lacrimation; ringing in 
the ears; diarrhea and constipation; increased nocturia; euphoria. 

Drug Interactions Since diazoxide is highly bound to serum protein, it may displace 
other substances or drugs which are also bound to protein, such as bilirubin or cou- 
marin and its derivatives. These potentia! interactions must be considered when 
administering HYPERSTAT I.V. necnon, The concomitant administration of diazoxide 
with thiazides or other commonly used potent diuretics may potentiate the hyper- 
glycemic, hyperuricemic, and antihypertensive effects of diazoxide. 


Overdosage Overdosage of HYPERSTAT I.V. Injection may cause an undesirable 
hypotension. Usually, this can be controlled with sympathomimetic agents, such as 
norepinephrine; failure of the blood pressure to rise in response to such an agent 
suggests that the hypotension may have been caused by something other than diaz- 
oxide: Excessive hyperg! cemia resulting from overdosage wil! respond to 
conventional therapy of hyperglycemia. 

Diazoxide may be removed from the blood by peritoneal dialysis or hemodialysis. 


Animal Pharmacology and Toxicology In studies involving a number of species, 
including the rat, cat, dog, and monkey, diazoxide has been shown to exert significant 
antihypertensive actions through its direct effect on peripheral arterioles, which 
neither impairs cardiac function nor seriously diminishes perfusion of kidneys. 

In addition, in each species tested, including the rat, dog, and monkey, diazoxide 
elicits hyperglycemia, increased serum-free fatty acids and decreased plasma insulin 
levels by a mechanism thought to involve both suppression of insulin release and 
enhanced catecholamine action. 

Although the data are not conclusive, reproduction and teratology studies in 
several species of animals indicate that diazoxide, when administered during the 
critical period of embryo formation, may interfere with normal fetal development, 

ssibly through altered glucose metabolism. Parturition was occasionally pro- 

onged in animals treated at term. 

Dosage and Administration HYPERSTAT I V. Injection is administered undiluted and 
rapidly by intravenous DIAC. It should only be given into a peripheral vein. Do not 
administer it intramuscularly, subcutaneously, or into body cavities. Avoid extravasa- 
tion of the drug into subcutaneous tissues. 

The response to HYPERSTAT I.V. Injection varies from patient to patient. Generally, 
blood pressure decreases within five minutes, often within one to two minutes, to the 
lowest level achieved. The blood pressure increases relatively rapidly in the next 
ten to 30 minutes, and then more slowly over the following two to 12 hours, nearly 
reaching but rarely exceeding the pretreatment level. The response to successive 
injections is frequently better than that to the initial injection. 

. Treatment of hypertensive emergencies with HYPERSTAT I.V. Injection should be 
limited to a few days and a regimen of oral antihypertensive medications should be 
instituted as soon as possible. 

With the patient recumbent, the contents of one 20 ml. ampule containing 300 mg. 
of HYPERSTAT I-V. Injection are administered intravenously in 30 seconds or less. 
Slow intravenous injection may fail to reduce the blood pressure or may produce an 
exceedingly short response. 

Specific dosage is required in children or in unusually large or small patients. 
This dosage may be calculated on the basis of 5 mg./kg. body weight (0.3 ml./kg.) 
(See Warnings). 

A second administration of HYPERSTAT (diazoxide) I.V. Injection may be required: 
for a satisfactory reduction in blood pressure, if the first injection fails to give an 
adequate response within 30 minutes. 

Repeated administration of HYPERSTAT I.V. Injection at intervals of four to 24 hours 
usually will maintain the blood pressure below pretreatment levels until a regimen 
of oral antihypertensive medication becomes effective. The interval between injec- 
tions may be adjusted by the duration of the response to each injection. It is usually 
unnecessary to continue treatment with HYPERSTAT I.V. Injection for more than 
four to five days. 

Following the use of HYPERSTAT I.V. Injection, the blood pressure should be mon- 
itored closely until it has stabilized. Thereafter, measurements taken hourly during: 
the balance of the effect will indicate any unusual response. A further decrease in 
blood pressure at 30 minutes or more after injection should be investigated for 
causes other than the action of HYPERSTAT I.V. Injection. It is preferable that the 

tient remain recumbent for half an hour after injection. In ambulatory patients, the 

d pressure should be measured with the patient standing before surveillance is 
ended. 

Since repeated administration of HYPERSTAT I.V. Injection can lead to sodium and 
water retention, administration of a diuretic may be necessary both for maximal 
blood pressure reduction and to avoid congestive failure. 


How Supplied | HYPERSTAT I.V. Injection is supplied in a 20 ml. ampule containing 
diazoxide 300 mg. in a clear, colorless aqueous solution; box of one ampule. 
Protect from light and freezing. 
Store away from heat. 
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20 ml. 
in 30 seconds or less 
for direct action 
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Contraindications: There are no absolute contraindications to digitalis. However, in ventricular paroxysmal tachycardia or ~igi 
-ventricular fibrillation, it should be used only in refractory cases not induced by digitalis intoxication and if heart failure hor 
- has developed.  . | ! | ae 
- Precautions: If the patient has been given digoxin during the previous week or any other less rapidly excreted drug of Mn 
the digitalis group during the previous two weeks, the dose of Lanoxin brand Digoxin must be reduced accordingly. Em. 
Because of impaired renal function and excretion in elderly patients, they frequently require lower than recommended doses. REND 4 
Potassium loss in patients sensitizes the heart to digitalis intoxication even with recommended doses. The diuretic cn He. 
agents as well as electrolyte manipulations by the physician are major causes of potassium depletion in cardiac patients. 2i 3 
Under these conditions, it may be necessary to reduce the usual dosages of Lanoxin brand Digoxin during digitalization "S =| 
and maintenance. | i. | LR 
$ .. Digoxin is usually ineffective in cases of cardiac failure due to mechanical causes which are independent of uo 
myocardial diseases, e.g., cardiac tamponade, or to disorders not primarily of cardiac origin, as severe anemia. Despite Puy 1 
a variable or poor response to digoxin in the presence of active rheumatic carditis, the development of cardiac failure . mt 
is an indication for its use. : ES 
Effects of Overdosage and Treatment: The symptoms of overdosage with digoxin are quite similar to those: occurring v a 
with other digitalis preparations. The most common toxic manifestations are anorexia, nausea, vomiting and various AR 
cardiac arrhythmias, including ventricular extrasystoles and paroxysmal supraventricular tachycardia or fibrillation with ea 
A-V block. In general, the gastrointestinal manifestations of toxicity with digoxin precede the cardiac arrhythmias | I 
occurring from overdosage. Furthermore, because of the rapid dissipation of digoxin, manifestations of toxicity areofshort > 1. 
duration, usually lasting from a few hours to one or two days. oct | me hee iU. 
If necessary, potassium chloride may be administered as an intravenous infusion containing (adult dosage) 40 b. 
milliequivalents in 500 cc. of 596 dextrose in water, given over the course of 1 hour and repeated, if required, until a total et 
of 120 milliequivalents have been given (1 mEq. KCl — 74.5 mg.). Electrocardiographic monitoring should be conducted MR 
and the infusion halted immediately upon the appearance of peaking of the T-waves. For children, the intravenous "St 
infusion dosage of potassium chloride would be 5 to 10 milliequivalents in 100 cc. of 5% dextrose in water given over the v8 
course of 1 hour, repeated if required, to a total of 15 to 30 milliequivalents. For more serious intoxication with abnormal xí: 
cardiac rhythms, potassium chloride may be given orally in divided doses totalling 4 to 6 grams per day (adults) or "E | 
1 to 2 grams (children) provided renal failure is not present, At 
| LANOXIN® digoxin TABLETS. 0.125 mg. (yellow) in bottles of 100 and 1,000. 0.25 mg. (white) scored, (co ea 
in bottles of 100, 500, 1,000 and 5,000; also Unit Dose Pack, strips of 10 tablets, 10 boxes of 100 tablets (1,000). ewe 
0.5 mg. (green) scored, in bottles of 100 and 1,000. . rs M 
ds | LUE RN RE 
Lanoxin digoxir EN 
Be i her i , ’ i AE NT (XM 
| | | Xi ^ d i goxi n Burroughs Wellcome Co. — 
: | | VAM r Ratt h | Research Triangle Park e. 





*Complete literature available on request from Professional Services Dept. PML. Ls 4 Wellcome / North Carolina27709 
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When an appropriate dose of Xylocaine is administered by 


the intramuscular (deltoid) route, effective antiarrhythmic 
blood levels are usually attained within 5-15 minutes and 
may persist for 60-90 minutes. Xylocaine Intramuscular is 


specifically indicated in the acute management of life- 
threatening ventricular arrhythmias when justified: 

* by a physician when ECG equipment is not available to 
verify diagnosis, but potential benefits may outweigh 


possible risks 


* byaphysician when IV facilities are not available 


* by paramedical personnel in a mobile coronary care unit 
directed by a physician viewing a transmitted ECG 


New Xylocaine (lidocaine) HCI 
Intramuscular injection for cardiac arrhythmias 
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Before prescribing or administering, please 
‘onsult complete product information, a 
iummary of which follows: 
Contraindications: Patients with known 
1ypersensitivity to local anesthetics of the 
amide type, and patients with Adams-Stokes 
syndrome or severe degrees of sinoatrial, 
atrioventricular or intraventricular block. 
Warnings: ASPIRATE FREQUENTLY TO 
AVOID INADVERTENT INTRAVAS- 
CULAR ADMINISTRATION. 

ECG monitoring is recommended. However, 
in emergency situations when a physician 
suspects ventricular arrhythmia and ECG 
equipment is not available, a single dose 
may be administered when the physician 
determines potential benefits outweigh possi- 
ble risks. If possible, have emergency resus- 
citative drugs and equipment immediately 
available to manage potential adverse re- 


Usual dosage: For the average 150 Ib man, 3 ml (300 mg) 
injected in deltoid muscle. See complete instructions in 


package insert. 
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actions involving cardiovascular, respiratory, 
or central nervous systems. 

Intramuscular use of Xylocaine® may result 
in increased creatine phosphokinase levels 
and compromise the use of this enzyme deter- 
mination, without isoenzyme separation, in 
diagnosing acute myocardial infarction. 
Pediatric use is not recommended. 
Precautions: Observe usual precautions in 
the presence of impaired renal or hepatic 
function, hypovolemia and shock, and all 
forms of heart block. 

Adverse Reactions: Although serious 
adverse reactions to Intramuscular Xylocaine 
have been rare, the following previously 
have been reported following lidocaine 
administration: 
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1. Central Nervous System—lightheadedness; _ 


drowsiness; dizziness; apprehension; eupho- 
ria; tinnitus; blurred or double vision; vomit- 
ing; sensations of heat, cold, or numbness; 
twitching; convulsions; unconsciousness; 
respiratory depression and arrest. 

2. Cardiovascular System—hypotension; 
cardiovascular collapse; bradycardia which 
may lead to cardiac arrest. 


Cross-sensitivity with procainamide or quini- _ 


dine has not been reported. 

Soreness at injection site, occasionally. 
Supplied in 5 ml ampules, in cartons of 10. | 
Each ml contains 100 mg of Xylocaine HCI 
and sodium hydroxide to adjust pH. A 3 ml 
injection provides the recommended dose. 
FOR INTRAMUSCULAR USE ONLY. 


Astra Pharmaceutical Products, Inc. 
\Vorcester, Massachusetts 01606 
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Dyrenium® Lasix’ 
brand of 


50 mg. and 100 mg. capsules brand of 


furosemide 





To cibles ipia dE K* in while 


getting excess water out 


‘Dyrenium’ exerts its potassium-conserving effect on the first day of 
administration, despite hyperaldosteronism secondary to furosemide- 
reduced fluid volume. No need to wait critical days for potassium 
conservation to begin, no risk of steroid side effects. 


When given together, initial dosage of both agents should be reduced. 


‘Lasix’ is a potent diuretic, and 'Dyrenium' has an additive effect, so 
careful supervision and dosage adjustment is required. K+ supple- 
ments should not be given unless dosage adjustment fails to reduce 
excessive potassium loss, hypokalemia develops, or dietary intake of 
K+ is markedly reduced. Hyperkalemia can occur, but it is rare in 
patients with normal renal function. The elderly, diabetics, or patients 
with suspected or confirmed renal insufficiency should be observed 
closely; check serum K+, BUN, and CO? periodically. 


t'Lasix' is contraindicated in women of 


child-bearing potential, anuria, 
increasing azotemia and oliguria, 
hepatic coma or electrolyte depletion, 
hypersensitivity to the drug, and pedi- 
atric patients. Initiation of therapy in 
patients with hepatic cirrhosis and 
ascites is best carried out in the 
hospital. Before prescribing, see 
complete prescribing information in 
Hoechst-Roussel literature or PDR. 


See facing page for 'Dyrenium' 
indications and brief summary of 
prescribing information. 
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Before prescribing, see complete prescrib- 
ing information in SK&F literature or PDR. 
The following is a brief summary. ; 


*Indications: Edema associated with 
congestive heart failure, cirrhosis and 
nephrotic syndrome; steroid induced 
edema, idiopathic edema, edema due 
to secondary hyperaldosteronism and 
edema resistant to other diuretic 
therapy. 

Contraindications: Severe or progres- 
sive kidney disease or dysfunctidn 
(possible exception: nephrosis). Severe 
hepatic disease. Pre-existing elevated 
serum potassium. Hypersensitivity to the 
drug. Continued use in developing hyper- 
kalemia. Do not give potassium supple- 
ments, either by drug or by diet. 


Warnings: Observe regularly for possible _ 


blood dyscrasias, liver damage or other 
idiosyncratic reactions. Blood dyscrasias 
have been reported. Check BUN and 
serum potassium periodically, especially 

in the elderly, diabetics, and those with 
suspected or confirmed renal insufficiency. 
Use in pregnancy only when essential to 
patient welfare. 

Dyrenium (triamterene, SK&F) and spirono- 
lactone are not usually used concurrently; 
if they are, however, frequent serum 
potassium determinations are required. 


Precautions: If hyperkalemia develops, 
withdraw the drug. The following may also 
occur: electrolyte imbalance, low-salt 
syndrome (with low salt intake), reversible 
mild nitrogen retention, decreasing alkali 
reserve with possible metabolic acidosis. 
Do periodic hematologic studies in 
cirrhotics with splenomegaly. Concomitant 
use with antihypertensive drugs may result 
in an additive hypotensive effect. When 
"Dyrenium' is to be discontinued after 
intensive or prolonged therapy, withdraw 
gradually because of possible rebound 
kaliuresis. 

Adverse Reactions: Diarrhea, nausea 
and vomiting (may indicate electrolyte 
imbalance), other gastrointestinal disturb- 
ances, weakness, headache, dry mouth, 
anaphylaxis, photosensitivity, elevated 

uric acid, rash. 

Note: When combined with another 
diuretic, the initial dosage of each agent 
should be lower than recommended. 
Supplied: 50 and 100 mg. capsules, in 
bo of 100 and in Single Unit Pack- 
ages of 100 (intended for institutional 
use only). | 


SK&F Co., Carolina, P.R. 00630 
Subsidiary of SmithKline Corporation 
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E Identifying your patient at risk 
of thromboembolic complications 


While every MI patient is not a candidate for oral anti- 
coagulation therapy, a history of previous infarct or 
angina, persistent atrial fibrillation or congestive fail- 
ure, severe hypotension or shock or serious ar- 
rhythmia may increase risk of thromboembolic 
complications. 

In addition, certain procedures often place your 
surgical patient, particularly if he's over 40 years of 
age, in the high risk category—cup arthroplasty or 
pelvic surgery, heart valve replacement, reparative 
vascular surgery. 

Your geriatric patient, too, is at high risk of throm- 
boembolism if he's suffered a fracture—especially 
of the hip, pelvis or a lower extremity—or if his history 
includes venous insufficiency. 

For any of these individuals, obesity, previous 
episodes of venous thrombosis or pulmonary em- 
bolism and a future including prolonged bed rest all 
increase the risk of thromboembolic complications, 
and make him a candidate for oral anticoagulation. 


COUMADIN* is an Endo U.S. registered trademark. 
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Laboratory monitoring 


For every patient receiving COUMADIN® (crystalline 
sodium warfarin), frequent laboratory monitoring is a 
key to effective therapy. Determine prothrombin time 
daily until results stabilize in the therapeutic range 
—1 to 2Y2 times normal. Individualize dosage and 
administration as indicated by prothrombin time re- 
sults. Determine subsequent prothrombin times pe- 
riodically throughout the course of therapy. 


Educating your patient 


Because a patient is generally more reliable if he 
understands his condition and his medication, he 
should be made aware of the factors that may influ- 
ence his prothrombin time and, therefore, his re- 
sponse to COUMADIN*— dietary change, travel, 
other medication, change in physical condition and 
abrupt environmental change. What's more, he 
should know the importance of regularly taking the 
exact dosage of COUMADIN® prescribed and of 
keeping every appointment with you and with the 
laboratory. 
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COUMADIN 
AYSTALLINE SODIUM WARFARIN’) 


INDICATIONS Based on a review of this drug by the National Academy of Sciences-National 
Research Council and/or other information, FDA has classified the indications as follows: 


Effective: COUMADIN® is indicated for the prophylaxis and treatment of venous thrombosis and 
its extension, the treatment of atrial fibrillation with embolization, the prophylaxis and treatment 
of pulmonary embolism, and as an adjunct in the treatment of coronary occlusion. 


“Possibly” effective: as an adjunct in the treatment of transient cerebral ischemic attacks. 
Final classification of the less-than-effective indication requires further investigation. 










JONTRAINDICATIONS Anticoagulation is contraindicated in any localized or general physical condition or 
jersonal circumstance in which the hazard of hemorrhage might be greater than its potential clinical 
yenefits, such as: 


demorrhagic tendencies or blood dyscrasias. Recent or contemplated surgery of: (1) central nervous 
system; (2) eye; (3) traumatic surgery resulting in large open surfaces. Bleeding tendencies associated 
with active ulceration or overt bleeding of: (1) gastrointestinal, genitourinary or respiratory tracts; (2) 
:erebrovascular hemorrhage; (3) aneurysms-cerebral, dissecting aorta; (4) pericardial effusions; (5) 
subacute bacterial endocarditis. Threatened abortion, eclampsia and preeclampsia. Inadequate labora- 
ory facilities or unsupervised senility, alcoholism, psychosis; or lack of patient cooperation. Miscella- 
1eous: polyarthritis, vitamin C deficiency, major regional and lumbar block anesthesia. 


WARNINGS Sodium warfarin is a potent drug with a half-life of 2V2 days; therefore its effects may become 
nore pronounced as daily maintenance doses overlap. It cannot be emphasized too strongly that treatment 
of each patient is a highly individualized matter. Dosage should be controlled by periodic determinations of 
drothrombin time or other suitable coagulation tests. Determinations of whole blood clotting and bleeding 
times are not effective measures for control of therapy. Heparin prolongs the one-stage prothrombin time. 
Therefore, to obtain a valid prothrombin time when heparin and COUMADIN” are given together, a period 
of 4 to 5 hours should elapse after the last intravenous dose and 12 to 24 hours after the last subcutaneous 
jose of heparin, before blood is drawn. 


3aution should be observed when sodium warfarin is administered in any situation or physical condition 
where added risk of hemorrhage is present. 


Administration of anticoagulants in the following conditions will be based upon clinical judgment in which 
‘he risks of anticoagulant therapy are weighed against the risk of thrombosis or embolization in untreated 
cases. The following may be associated with these increased risks: 


Pregnancy- COUMADIN” passes through the placental barrier, and the danger of hemorrhage to the fetus 
exists even to the point of fatal hemorrhage in utero, even in the accepted therapeutic range of maternal 
prothrombin level. Close observation and laboratory control are essential. The newborn may be particularly 
sensitive to sodium warfarin. There have been reports of birth malformations in children born to mothers 
who have been treated with warfarin during the first trimester of pregnancy. Whether warfarin was in fact 
the responsible agent has not been established. Therefore, women of childbearing potential who are can- 
didates for anticoagulant therapy should be carefully evaluated and the indications critically reviewed. If 
COUMADIN* must be used during pregnancy, or if the patient becomes pregnant while taking this drug, 
the patient should be apprised of the potential risks to the fetus, and the possibility of termination of the 
pregnancy should be discussed in light of those risks. Lactation—coumarins may pass into the milk of 
mothers and cause a prothrombinopenic state in the nursing infant. Prolonged dietary deficiency 
(cachexia, vitamin K). Severe to moderate hepatic or renal insufficiency. Infectious diseases or distur- 
bances of intestinal flora-sprue, antibiotic therapy. Trauma which may result in internal bleeding. 
Surgery or trauma resulting in large exposed raw surfaces. Indwelling catheters. Spinal puncture. Severe 
to moderate hypertension. Miscellaneous: polycythemia vera, vasculitis, severe diabetes, menometror- 
rhagia, allergic and anaphylactic disorders. 


Patients with congestive heart failure may become more sensitive to COUMADIN’ , thereby requiring more 
frequent laboratory monitoring, and reduced doses of COUMADIN® . 


Abrupt cessation of anticoagulant therapy is not generally recommended; taper dose gradually over three to 
four weeks. 


oe Periodic determination of prothrombin time or other suitable coagulation test is essen- 
tial. 


Numerous factors, alone or in combination, including travel, changes in diet, environment, physical 
state and medication may influence response of the patient to anticoagulants. It is generally good prac- 
tice to monitor the patient's response with additional prothrombin time determinations in the period 
immediately after discharge from the hospital, and whenever other medications are initiated, discon- 
tinued or taken haphazardly. The following factors are listed for your reference; however, other factors 
may also affect the prothrombin response. 


The following factors, alone or in combination, may be responsible for increased prothrombin time 
response: 


ENDOGENOUS FACTORS: Carcinoma; collagen disease; congestive heart failure; diarrhea; elevated temper- 
ature; hepatic disorders-infectious hepatitis, jaundice; poor nutritional state; vitamin K deficiency- stea- 
torrhea. 


EXOGENOUS FACTORS: Alcoholt; allopurinol; aminosalicylic acid; anabolic steroids; antibiotics; brome- 
lains; chloral hydratet; chlorpropamide; chymotrypsin; cinchophen; clofibrate; COUMADIN® overdosage; 
dextran; dextrothyroxine; diazoxide; dietary deficiencies; diureticst; disulfiram; drugs affecting blood ele- 
ments; ethacrynic acid: glucagon; hepatotoxic drugs; indomethacin; inhalation anesthetics; mefenamic 
acid; methylphenidate: monoamine oxidase inhibitors; nalidixic acid; oxyphenbutazone; phenylbutazone; 
phenyramidol; prolonged hot weather; prolonged narcotics; quinidine; quinine; salicylates (in excess of 1 
Gm/day); sulfinpyrazone; sulfonamides, long acting; thyroid drugs; tolbutamide; triclofos sodium; unreli- 
able prothrombin time determinations. 


tincreased and decreased prothrombin time responses have been reported. 
The following factors, alone or in combination, may be responsible for decreased prothrombin time 
response: 


ENDOGENOUS FACTORS: Diabetes mellitus; edema; hereditary resistance to coumarin therapy; hyperlipe- 
mia; hypothyroidism. 


'Present as crystalline sodium warfarin isopropanol clathrate. 
Licensed by Wisconsin Alumni Research Foundation. 
U.S. Pat. No. 3,077,481 (Reissue No. 25,866) 
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EXOGENOUS FACTORS: Adrenocortical steroids; alcoholt; antacids; antihistamines; barbiturates; chloral | 
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hydratet; chlordiazepoxide; cholestyramine; COUMADIN® underdosage; diet high in vitamin K (vegetables, — . 


fish, fish oil, onions); diureticst; ethchlorvynol; glutethimide; griseofulvin; haloperidol; meprobamate; oral 
contraceptives; paraldehyde; primidone; rifampin; unreliable prothrombin time determinations; vitamin C. 


tincreased and decreased prothrombin time responses have been reported. 


A patient may be exposed to a combination of the above factors, some of which may increase and some ^. 


s S 


decrease his sensitivity to COUMADIN* . Because the net effect on his prothrombin time response may be — 


unpredictable under these circumstances, more frequent laboratory monitoring is advisable. . 


Drugs not yet shown to interact or not to interact with coumarins are best regarded with suspicion, and 
when their administration is started or stopped, the prothrombin time should be determined more often 


than usual. 


Coumarins also affect the action of other drugs. Hypoglycemic agents (chlorpropamide and tolbutamide) — - 


and anticonvulsants (diphenylhydantoin and phenobarbital) may accumulate in the body as a result of inter- 
ference with either their metabolism or excretion. 

ADVERSE REACTIONS Potential side effects of COUMADIN® (crystalline sodium warfarin) include: 

1. Minor or major hemorrhage from any tissue or organ-which is an extension of the physiologic activity of | 
prothrombinopenia. The signs and symptoms will vary according to the location and degree or extent of the 
bleeding. Therefore the possibility of hemorrhage should be considered in evaluating the condition of any - 
anticoagulated patient with complaints which do not indicate an obvious diagnosis. Bleeding during 


anticoagulant therapy does not always correlate with prothrombin activity. (See TREATMENT FOR OVER- s 


DOSAGE.) 


Bleeding which occurs when the prothrombin time is within the therapeutic range warrants diagnostic v 
investigation since it may unmask a previously unsuspected lesion, e.g. tumor, ulcer etc. i Ys 
2. Side effects other than hemorrhage are infrequent and consist of alopecia, urticaria, dermatitis, fever, - 
nausea, diarrhea, abdominal cramping, a syndrome called "purple toes,” hypersensitivity reactions and an. 


extremely rare reaction consisting of hemorrhagic infarction and necrosis of the skin. 

DOSAGE AND LABORATORY CONTROL The aim of anticoagulant therapy is to impede the coagulation or 
clotting mechanism to such an extent that thrombosis will not occur, but at the same time avoiding such 
extensive impairment as might produce spontaneous bleeding. Effective therapeutic levels with minimal 


complications can best be achieved in cooperative and well-instructed patients, who keep the doctor - 


informed of their status between visits. COUMADIN* patient aids are available to physicians on request. 


The administration and dosage of COUMADIN* must be individualized for each patient according to the 


particular patient's sensitivity to the drug as indicated by the prothrombin time. The prothrombin time 
reflects the depression of vitamin K-dependent factors, namely Factors VII, IX, X and II, the factors affected 
by coumarin anticoagulants. There are several modifications of the Quick one-stage prothrombin time and 
the physician should become familiar with the specific method used in his laboratory. 


Administration of COUMADIN* should be gauged according to prothrombin time determinations by a suit- - 


able method. The blood prothrombin time should usually be determined daily after the administration of the 


initial dose until prothrombin time results stabilize in the therapeutic range. Intervals between subsequent - | 


prothrombin time determinations should be based upon the physician's judgment of the patient's reliability - 
and response to warfarin in order to maintain the individual within the therapeutic range. Acceptable inter- 
vals for prothrombin time determinations have usually fallen within the range of one to four weeks. Satis- 


factory levels for maintenance of therapeutic prothrombinopenia are 1Y2 to 2V2 times the normal - 


prothrombin time (e.g. 21 to 35 seconds, with a control of 14 seconds). 

Induction 40 to 60 mg for average adult or 20 to 30 mg for elderly and/or debilitated patients for one dose 

only administered orally, intravenously or intramuscularly. 

Maintenance- Most patients are satisfactorily maintained at a dose of 2 to 10 mg daily. Flexibility of dosage 

is provided by breaking scored tablets in half. The individual dose and interval should be gauged by the 

patient's prothrombin response. 

Duration of therapy- The duration of therapy in each patient should be individualized. In general, anti- 
coagulant therapy should be continued until the danger of thrombosis and embolism has passed. 

Treatment during dentistry and surgery- The management of patients who undergo dental and surgical 

procedures requires close liaison between attending physicians, surgeons and dentists. Interruption of 


anticoagulant therapy may precipitate thromboembolism, and conversely, if anticoagulants are maintained. 


at full doses, some patients may hemorrhage excessively. If it is elected to administer anticoagulants prior 
to, during, or immediately following dental or surgical procedures, it is recommended that the dosage of 
COUMADIN® be adjusted to maintain the prothrombin time at approximately 1% to 2 times the control 
level. The operative site should be sufficiently limited to'permit the effective use of local procedures for he- 
mostasis including absorbable hemostatic agents, sutures, and pressure dressings if necessary. Under 
these conditions dental and surgical procedures may be performed without undue risk of hemorrhage. 


COUMADIN* with Heparin-Since a delay intervenes between the administration of the initia! dose and the 
therapeutic prolongation of prothrombin time, it may be advisable in situations of great emergency to 
administer sodium heparin initially along with COUMADIN . The initial dose of heparin and injectable 
COUMADIN may be administered together in the same syringe. It should be noted that heparin may affect 
the prothrombin time; and therefore, when patients are receiving both heparin and COUMADIN" , the blood 
sample for prothrombin time determination should be drawn just prior to the next heparin dosage, and 
preferably 4 to 5 hours after the last intravenous injection or 12 to 24 hours after the last subcutaneous 
injection. 

TREATMENT FOR OVERDOSAGE Excessive prothrombinopenia, with or without bleeding, is readily con- 


trolled by discontinuing COUMADIN* (crystalline sodium warfarin), and if necessary, the oral or parenteral — 


administration of vitamin K:. The appearance of microscopic hematuria, excessive menstrual bleeding, 
melena, petechiae or oozing from nicks made while shaving are early manifestations of hypoprothrom- 
binemia beyond a safe and satisfactory level. 6 

In excessive prothrombinopenia with mild or no bleeding, omission of one or more doses of COUMADIN* 
may suffice; and if necessary, small doses of vitamin Kı orally, 2.5 to 10 mg, will usually correct the 
problem. 

If minor bleeding persists, or progresses to frank bleeding, vitamin K: in doses of 5 to 25 mg may be given 
parenterally. (Please note recommendations accompanying vitamin K preparations prior to use.) ^ 
Fresh whole blood transfusions should be considered in cases of severe bleeding or prothrombinopenic 
states unresponsive to vitamin K;. | c 
Resumption of COUMADIN® administration reverses the effect of vitamin Ki, and a therapeutic hypo- 
prothrombinemia level can again be obtained. 


SUPPLIED Tablets: COUMADIN® (crystalline sodium warfarin). For oral use, single scored, imprinted — 
numerically with potency as follows: 2 mg lavender, 2Y? mg orange, 5 mg peach, 7¥2 mg yellow, 10 mg ` 


white, 25 mg red. In bottles of 100 and 1000. Also available in Hospital Unit-Dose blister package of 100. 
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Injection: Available as single injection units of amorphous sodium warfarin lyophilized for intravenous or . . 


intramuscular use in a box of 6 units. 50 mg: Unit consists of 1 vial, 50 mg; sodium chloride, 10 mg; 
thimerosal, 0.2 mg. pH is adjusted with sodium hydroxide, accompanied by a 2 ml ampul Sterile Water for 


Injection. 75 mg: Unit consists of 1 vial, 75 mg; sodium chloride, 15 mg; thimerosal, 0.3 mg. pHis - 
adjusted with sodium hydroxide, accompanied by a 3 ml ampul Sterile Water for Injection. — . do 


Sterile Water for Injection contains no antimicrobial or other substance, and it is not suitable for intravascu- 
lar injection without first having been made approximately isotonic by the addition of a suitable solute. Use- 
only for reconstitution of the lyophilized product. 


Endo Laboratories, Inc. 


Subsidiary of E.l. du Pont de Nemours & Co. (Inc.) 
Garden City, N.Y. 11530 


«UPON» 


EDO-2620 
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utomated 
cardiac 
output 


IL's new 601 Cardiac Output System centers the 
full potential of thermal dilution at the tip of a 
finger —at patient's bedside, in the OR, in the lab. 


It continuously monitors core temperature, monitors the 
baseline, and displays cardiac output—all automatically at 
the push of a button. 


The 601 is internally calibrated and uses interchangeable 
catheters: It never requires manual calibration. Further, a 
built-in test circuit validates the instrument, and catheter 
accuracy is easily tested before use. 


The 601 is fast, yet accurate: Triplicate cardiac output 
determinations are achieved in less than 60 seconds. 
Operation is simple: No specialized training or skills are 
needed once the catheter is in place. 

The 601's data correlates well with both dye dilution and 
direct Fick methods. Continuous temperature monitoring 
constantly updates each patient's baseline priorto automatic 
integration of the curve. And an over-ride feature allows 
the operator to manually terminate integration for unique 
applications. 

Operating reliability is excellent. The 601 was developed 
and tested under stringent critical care criteria in a leading 
metropolitan teaching hospital. 

For a demonstration in your hospital at your convenience, 
write or phone IL for an appointment, or for descriptive 
literature and related technical papers. 














instrumentation 
Laboratory Inc. 


Lexington, Mass.02173 
Tel. 617-861-0710 
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inminutes, at bedside, 


without central computer 


or telephone tie-ins 


The Roche Mobile Computerized 


ECG Station contains its own 
minicomputer, recorder, and 
printer. It can eliminate the 
routine work associated 

with the reading of normal 
ECGs. It is highly accurate, 
classifying correctly 95-98% 
of normal ECG's, 85% of 
abnormals! It is fast, supplying 
a computer printout based on 
the widely accepted USPHS 
program within a minute after 
readings are taken. 


There is a high degree of 


- patient safety. Also, the Roche 


Station signals the operator 
immediately when tracings are 
being taken incorrectly or are 
of poor quality; it identifies 
interpretations that may be 
incomplete or equivocal. 


The Roche Mobile Station 


offers considerable savings over 


telephone tie-in ECG systems 
and yet avoids the extensive 
investment required for a 
dedicated central computer. 


Economic feasibility studies and 


additional information are 
available from Roche. 


1. Hochberg, H. M., et al.: Automatic electro- 


cardiogram analysis in rapid mass screening. 


Arch. Environ. Health 15:390-398, 1967. 


-For more information 


O Please send literature. 
O Please have representative call. 
Name/Title 

Hospital 

Address 

State 





Phone 


collects ECG data, 


computes, analyzes, 
prints report 





multiple copies immediately 
quantitative data and analysis at the same time 





high performance ECG recorder 
with high noise rejection amplifier 










y Ze’ Cart and ECG input 


| electrically isolated 


: single panel controls 
full 12-lead capacity 


ise s 


ZEE WE 


ROCHE MEDICAL ELECTRONICS DIVISION, HOFFMANN - LA ROCHE INC., CRANBURY, N.J. 08512 
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Cardio-Dynamics 


of Holter Electrocardiography extends the reach of your 
practice by providing you with sophisticated equipment, 
an expert staff and a complete ECG report that frees you 
to devote your time to diagnosis and treatment . . . 





Equipment that is reliable and 
provides uninterrupted 
ambulatory, office-quality 
ECGs for up to 24 hours. 


A team of professionals behind 
you devoted exclusively to the 
processing of Holter recordings 


with attention to accuracy and 
detail that is rarely equalled 
in office or hospital. 


The recording is summarized in a 
report that provides a complete, 
standardized and documented 
digest of your patient’s ECG. 


All of this is the promise of Holter recording. 


Copyright 


1875, Cardio-Dynamics Laboratories Inc., Beverly Hilis, Ca, 90212 » Apri! 1975 


Cardio-Dynamics Laboratories Inc. 
9454 Wilshire Boulevard 
Beverly Hills, California 90212 
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the heart of your electrocardiograph 
diagnosis is made of paper 





Accurate interpretation of analytical data pre- 
sented by your electrocardiograph and subsequent 
proper diagnosis is manifested by the chart paper. 


If there's a chance the chart paper is lacking in 
quality or accuracy, an inaccurate recording may 
well be the result. 


NASHUA 


CORPORATION 





Why take the chance. Specify the paper designed 
and produced expressly for the manufacturer of 
your instrument. The cost of total assurance 
simply isn't worth the few pennies substitutes may 
save. 


This message was prepared in the interest of better 
recording instrument performance by . . . 


The Instrument Manufacturers’ Chartmaker 


100 East Kinney St. - 
3037 East Maria St. 


Newark, N.J. 07105 + (201) 589-5970 


GUBELMAN CHART DIVISION + Compton Calif. 90220 - (213) 537-4250 
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Hypertension as the 
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What you hear. 


mi 3 Hard to believe, doctor. 


Me...Industrial League soft- 
ball pitcher of the year 
... With high blood pressure. 

High blood pressure 
sure is a pain in the neck. 
We must have tried half-a- 
dozen different water pills 
and a lot of other stuff. Some 
of em worked for a while. 

But looks like we really 
might have a handle on it 
this time. You tell me this 
one has my blood pressure 
down around where it 
should be, and its keepin 
it there. Thats great. 

And I only have to take 
this one once a day. | like 
that. You know me... 
always on the go. 

| feel great these days, 
and | don't seem to have 


any problems with this one. 3 3 





What the investigators say. 


“The present study 
clearly establishes that at a 
dose of 2.5 mg. per day, 
metolazone [Zaroxolyn] is 
an effective hypotensive 
drug, lowering blood 
pressure approximately 
25/15 mm. Hg.” 


"The high frequency 
of good to excellent re- 
sponse, once a day adminis- 
tration, potentiation of 
other nondiuretic antihyper- 
tensive agents, and the 
failure of tolerance to 
develop in long-term use 
would seem to be the major 
advantages of metolazone 
[Zaroxolyn]."* 


"Metolazone 
[Zaroxolyn] was remarkably 
well tolerated. In no patient 
was the drug discontinued 
because of side effects. ?" 


*In a larger population the incidence 


of discontinuation of therapy due to 
adverse side effects was 8/188 or 
4.396. Data on file, Medical Depart- 
ment, Pennwalt Prescription 
Products: 





Metolazone, Oxo! ; 
Antihypertensive diuretic 





Please see following page for brief summary 
of prescribing information. 
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5 (5) mg 


. Recommended Dosages Zaroxolyn® (metolazone) 


Its convenient and comfortable 
for hypertensive patients 


10 mg QU) 





- Mild to moderate essential hypertension 


2V5 to 5 mg once daily 





Edema of cardiac failure 





LE deris of renal disease 


5 to 10 mg once daily 


5 to 20 mg once daily 





. NOTE: The daily dosage depends on the severity of each patient's condition, his sodium intake, and his responsiveness. 


. Therefore, dosage adjustment is usually necessary during the course of therapy. 


Eno Information: Zaroxolyn 


n NB: For patients with congestive cardiac 


. failure who tend to experience paroxysmal 


other adverse reactions which have occurred in 
the adult. 


NURSING MOTHERS: ZAROXOLYN appears in 


bloating, epigastric distress, intrahepatic cholestatic 
jaundice, hepatitis. Central nervous system reactions: 
Syncope, dizziness, drowsiness, vertigo, headache. 


EE. to employ a dosage near the upper end ZAROXOLYN may occur in the newborn. If the use of excessive volume depletion, hemoconcentration, venous 
E of the range, to ensure diuresis and ZAROXOLYN is deemed essential for a nursing mother, thrombosis, palpitation and chest pain. Hematologic: 


m 


saluresis for a full 24-hour period. 

- Once desired therapeutic effect has been 
- achieved, it is usually desirable to reduce 
daily dosage to a lower maintenance level. 


heart failure and renal disease, and to reduce blood 
pressure in the management of mild to moderate 


essential hypertension. 
CONTRAINDICATIONS: Anuria, Hepatic coma or 


pre-coma; Allergy or hypersensitivity to ZAROXOLYN. 
The routine use of diuretics in an otherwise healthy 
— pregnant woman, with or without mild edema, is 


the patient should stop nursing. 


PRECAUTIONS: Periodic assessment of serum 
electrolytes, blood urea nitrogen, uric acid, and 
glucose levels should be made at intervals 
during therapy. 

Patients receiving ZAROXOLYN therapy should be 
observed for clinical signs of fluid and/or electrolyte 
imbalance; namely, hyponatremia, hypochloremic 
alkalosis, and hypokalemia. Serum and urine electrolyte 
determinations are particularly important when 
the patient is vomiting excessively or receiving parenteral 
fluids. Medication such as digitalis may also influence 


serum electrolytes. Warning signs, irrespective ðf cause, 


are: dryness of mouth, thirst, weakness, lethargy, 
drowsiness, restlessness, muscle pains or cramps, 


leukopenia, Dermatologic-hypersensitivity: urticaria and 
other skin rashes. Other reactions: dryness of mouth, 
hypokalemia, hyponatremia, hypochloremia, 
hypochloremic alkalosis, hyperuricemia, hyperglycemia, 
glycosuria, raised BUN or creatinine; fatigue, muscle 
cramps or spasm, weakness, restlessness, chills and 
acute gouty attacks. 

Adverse reactions which occur with other diuretics, 
but have not been reported to date for ZAROXOLYN 
include: pancreatitis, paresthesias, xanthopsia, 
agranulocytosis, thrombocytopenia, aplastic anemia, 
purpura, photosensitivity and necrotizing angiitis 
(cutaneous vasculitis). These reactions should be 
considered as possible occurrences with clinical 
usage of ZAROXOLYN. 

Whenever adverse reactions are moderate or severe, 
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muscular fatigue, hypotension, oliguria, tachycardia, and 
gastrointestinal disturbances such as nausea and 
vomiting. 


dosage should be reduced or therapy withdrawn. 
HOW SUPPLIED: Tablets, 212, 5 and 10 mg. 


- . contraindicated and possibly hazardous. 
WARNINGS: While not reported to date, cross- 
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allergy theoretically may occur when ZAROXOLYN is 
given to patients known to be allergic to sulfonamide- 


derived drugs, thiazides, or quinethazone. 
Hypokalemia may occur, with consequent weakness, 


— Cramps, and cardiac dysrhythmias. It is a particular 


hazard in digitalized patients; dangerous or fatal 


arrhythmias may be precipitated. 


Azotemia and hyperuricemia may be noted or 


_ precipitated during the administration of ZAROXOLYN. 
Infrequently, gouty attacks have been reported in persons 
“with history of gout. Discontinue ZAROXOLYN if azotemia 
and oliguria worsen during treatment of patients 
. With severe renal disease. 


. Presently, ZAROXOLYN is not recommended for 
- pediatric patients. 
ZAROXOLYN will, on occasion, exhibit considerable 


potentiation when administered concurrently with 

-.. furosemide. Excessive, massive volume and electrolyte 
- depletion may result. Exert care, especially during 
initial therapy, when using ZAROXOLYN with other 


Serum potassium should be determined regularly, 
and potassium supplementation instituted as indicated. 
Hypokalemia will be more common in association with 
intensive or prolonged diuretic therapy, with concomi- 
tant steroid or ACTH therapy, and with inadequate 
electrolyte intake. 

While not reported to date for ZAROXOLYN, 
related diuretics have increased responsiveness to 
tubocurarine and decreased arterial responsiveness 
to norepinephrine. Accordingly, it may be advisable 
to discontinue ZAROXOLYN three days before 
elective surgery. 

Observe caution when administering ZAROXOLYN 
to hyperuricemic or gouty patients. ZAROXOLYN exerts 
minimal affects on glucose metabolism; insulin require- 
ments may be affected in diabetics, and hyperglycemia 
and glycosuria may occur in patients with 
latent diabetes. 

Chloride deficit and hypochloremic alkalosis 
may occur. In patients with severe edema accom- 


1. Pilewski RM, et al: Techniques of 
controlled drug assay in hyperten- 
sion. V. Comparison of hydro- 
chlorothiazide with a new 
quinethazone diuretic, metolazone. 
Clin Pharmacol Ther 12:5, 1971. 

2. Cangiano JL, et al: The effects of 
metolazone in the long-term 
treatment of essential hypertension. 
Curr Ther Res 16:8, 1974. 

3. Materson BJ, et al: Antihypertensive 
effects of metolazone (Zaroxolyn). 
Curr Ther Res 16:9, 1974. 


panying cardiac failure or renal disease, a low-salt 
syndrome may be produced; hot weather and a low- 
salt diet will contribute. 

Observe caution when administering ZAROXOLYN 
to patients with severely impaired renal function. 

As most of the drug is excreted by the renal route, 
cumulative effects may be seen in this circumstance. 
Orthostatic hypotension may occur; this may be 

potentiated by alcohol, barbiturates, narcotics, or 
concurrent therapy with other antihypertensive drugs. 
While not reported for ZAROXOLYN, use of other 
diuretics has been associated on rare occasions with 
pathological changes in the parathyroid glands, with 
hypercalcemia and hypophosphatemia. 


ADVERSE REACTIONS: Gastrointestinal reactions: 
Constipation, nausea, vomiting, anorexia, diarrhea, 


.entihypertensives. Dosage of other antihypertensive 

D. - agents, especially the ganglionic blockers, 

^ should be reduced. 

Use of ZAROXOLYN with a potassium-sparing 

_ diuretic may potentiate diuresis; dosage should be 

_ reduced. Potassium retention and hyperkalemia may result; 
" -` Serum potassium should be determined frequently. 
| 






Potassium supplementation is contraindicated when a 
-. potassium-sparing diuretic is given. 
_ USAGE IN PREGNANCY (See Contraindications): 
— Since ZAROXOLYN crosses the placenta, and appears 
in the cord blood, its administration to women of child 
-bearing age requires that the potential benefits of the 
drug be weighed against its possible hazards to the 
fetus. The potential effects on the fetus include fetal or 
t. -neonatal jaundice, thrombocytopenia, and possibly 
k 


Ve MENNWALT 


Pennwalt Prescription Products 
Pharmaceutical Division 
Pennwalt Corporation 
Rochester, New York 14623 
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With the introduction of 
the new Sterile Disposable 
Domes, Bentley Irantec 
offers safety, convenience 
and economy, previously 
unavailable. This has been 
accomplished by designing 
an isolating polycarbonate 
membrane into the dome 
itself. Only this membrane 
touches the transducer 
sensing surface, isolating 


the fluid in the dome from 


the non-sterile surface. It 


Bentley Trantec Domes also 
allow immediate and con- 
tinuous use of the trans- 
ducer. With each patient, 
simply change domes-no 
further need for time con- 
suming cleaning, wrapping, 
sterilizing or storing. 


STERILE 
FLUID 


With the purchase of a 
Bentley Trantec Pressure 
Transducer and the coupon 
below, we'll give you a 
carton of six individually 
packaged domes. If you 
already have a Bentley 
Trantec Pressure Transducer 
we'll send you six domes 
free without an additional 
purchase. Fill out and send 
today; this offer is limited. 


BENTLEY TRANTEC, INC. 


A SUBSIDIARY OF BENTLEY LABORATORIES, INC. 


does not affect the sensitivity 
or fidelity of the transducer 
and the possibility of cross- 
contamination is completely 


17502 Armstrong Avenue 
Irvine, California 92705 
(714) 556-4464 


eliminated. 





. Here's your opportunity to examine the new Bentley Trantec Sterile Disposable Domes -AT OUR EXPENSE. 


[] Please send six (6) domes free of charge. 
The serial number of our Bentley Trantec 


Pressure Transducer is 


[] Please send six (6) domes free of charge. Our 
Purchase Order No. — — 
amount of $420.00 for one Bentley Trantec 


in the 


Pressure Transducer is attached to this request. 


— O Please send additional literature and price 


information. 
Name Title 
Institution Dept. 
Street 
City State Zip 


. NOTE: OFFER LIMITED, ONE CARTON OF 
SIX DOMES TO A CUSTOMER 








Now its all together~ 
in a single source. 
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Written uniquely for the Dermatologist, Inte 


Practitioners’ ist and Family Practitioner in the lively and cı 
cise style for which Drs. Sutton and Waisn 
are noted. 


Dermatology 


by Richard L. Sutton, Jr., M.D. & 
Morris Waisman, M.D. 


512 pages 600 illustrations 
Incorporates more facts relating Dermatology SPECIAL EMPHASIS PLACED ON PROCEDUI 
to Diagnosis in general medicine than do any THAT DO WORK! Drs. Sutton and Waism 
of the smaller books. Extensively supplemented ^ write “After all, we are all experienced with p 


Spans: etiology/physiology/diagnosis/treatm 


SEE COMPLETE TABLE OF CONTENTS 


with visual references. cedures that don't work.” 

ONE-STOP 

DERMATOLOGY FOR PRACTITIONERS 

Features: 

_| Structure of the Normal Skin | | Dermatoses Due to Blood, Blood Vessel, 

[1 Physiology of the Skin and Lymph Vessel Abnormalities 

|| Structure of the Diseased Skin | | Dermatoses related to Neurologic Abnor- 

(_| Etiology of Dermatoses malities 

[ | Treatment of Diseases of the Skin |] Dermatoses of Obscure and Complex 

| | Dermatoses Due to Physical Agents Etiology 

| | Dermatoses Due to Chemical Agents f] Dermatoses of which the Causes are 

C] Dermatoses Due to Viruses Largely Unknown 

{| Dermatoses Due to Bacteria (] Abnormalities of Cutaneous Structure 

C] Dermatoses Due to Fungi and Growth 

| | Dermatoses Due to Animals [| Diseases of the Skin Appendages: Seba- 

C] Dermatoses Due to Biochemical and Met- ceous Glands/Eccrine and Apocrine 
abolic Abnormalities Glands/Hair/Nails 

[C] Abnormalities of Pigmentation | Diseases of the Mucous Membranes 





(COMPLETE AND MAIL TODAY) 
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Just Published—January 1975 RESERVE YOUR PERSONAL COPY NOW! 





YORKE MEDICAL BOOKS AJC-10/75 
666 Fifth Avenue [] Bill me later 
New York, N.Y. 10019 L] Check enclosed 


Send me, postage bald. 9 co copies of THE PRACTITIONERS' DERMA- 
TOLOGY by Richard L. Sutton, Jr., M.D. and Morris Waisman, M.D. 
Publication price is $30.00.* Foreign : add $2.00 for Surface Shipment; $4.00 for Air Shipment. 


[] Interns/Residents/Students [] Private Practice 
Special Price $25.00 (] Academic 

LJaspecleily 27 ey un c sse rp Librate 

Name 
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Each Solodose packet contains 


Potassium Chlor 
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Nitro-Bid" (nitroglycerin) 
therapy assists in the 
"total management" 

of your patient. 








Nitro-Bid capsules reduce 
sublingual nitroglycerin 
requirements as they reduce 
the number of angina 
attacks...increase exercise 
tolerance. 


Sustained-release NITRO-BID 2.5 


Nitro-Bid Plateau CAPS" (nitroglycerin 2.5 mg) 
provide a Plateau CAPS 


i 

The Third 
-— = 

Step in metered sequence of NITRO-BID 6.5 

a + medication during the nitroglycerin 6.5 mg 

Angina. night to protect against Plateau GAPS 


, INDICATIONS 
nocturnal angina attack. 


























Based on a review of this drug by 


the POE Aster of med ve 
~ m m National esearch Council and/or 
After the classic In titrating dosage, I e a 
~ "23 * "Possibly" tive: 
2-Step Test aids availability of For the han aneeiank prophylaxis 
or treatment of anginal attacks. 


in a diagnosis of different strengths |513 classification of the less-than- 





a m Ek m = investigation. 
angina, sustained- — *' . is quite an mU | 
Contraindications: Recent myocardial 
J "P2 (6) 951 infarction, severe anemia, glaucoma 
release Nitro-Bid asset SN increased intracranial pressure, 
& E a idiosyncrasy. 
- 3 P ti : For ORAL, t subli I, 
(nitroglycerin) IS a Nitro-Bid 2.5 and uod Mo lirring ot vision o rens oF 
a a ~ R th , di ti d " 
logical third step. Nitro-Bid 6.5 capsules Toiora ee ay develop em lonccteii 
, afford two dosaae Advers Bxaptiota: Qoeddidmit (c. 
Here s why. USE sient headaches: Overdose may cause 
strengths for convenience flushing, headaches, tachycardia, 
In angina secondary to in increasing or decreasing Daraga. Go Gansuis DAVAM 
: : i dail 8 12h i Is. 
arteriosclerotic heart dose to accommodate AA aN. MERET ME TREE 
- 3 . t of i toris. Mod 
disease, sustained-release patient symptoms. Medicine 38:92-100 (Feb 23) 1970. ^^ 


PHARMACEUTICAL DIVISION 
Another patient benefit product from |M 


MARION 


LABORATORIES, INC. 
KANSAS CITY MISSOURI 64137 








Bosch 
EST 40 


o^Electronic 
Stethoscope 


A New Standard In Auscultation. 
You Need It Because There’s No 
Such Thing As A Small Mistake! 





Sounds of the human body occur in the most widely 
varying frequency ranges. A doctor should have three 
stethoscopes to properly measure all sounds. You can 
now have three stethoscopes in one with the new Bosch 
EST 40 Electronic Stethoscope. 


The Bosch EST 40 represents a new standard in auscul- 
tation. All body sounds can be measured with this 
remarkable instrument. You can accurately auscultate 
lungs, heart and many other organs, even blood pressure, 
because the EST 40 is equipped with three filter ranges. 
Excellent for fetus auscultation, also. 


The EST enables you to adjust transmission and ampli- 
fication to match your hearing. 


Previously inaudible sounds can now be heard with our 
more expanded frequency range. Sound signals can be 
amplified to the desired loudness. 


The instrument is easy to operate. Learn no new pro- 
cedures. Just take it in your hand. The contact of 
your fingers with the sensor key switches it on. The 
switch is automatically turned off when you put the 
instrument down. 

Frequency and volume are controlled easily with one 
finger. The EST 40 has an output socket; thus, you can 
record through an amplifier into a recording instrument. 


— ——— —— — — ———— 


Order your Electronic Stethoscope today! Send the 




















re 
coupon on the right with your $275 payment (the | m 

7 4 ü Enclosed is my check for $275, payment in full, for 
complete purchase -price). Try the instrument in your | = my Electronic Stethoscope. | understand if I am not | 
office for 30 days. Satisfaction assured or your money | E x satisfied, | may return the instrument at the end of 30 days. | 
will be refunded when you return the instrument at the | s ¢ | 
end of your trial period. | a3 | 
MAR eee | 
Lehr 2 00H z———— 
Instrument Corporation | t d | 
POB 589 Huntington Station, NY. 11746 | ZIP PHONE | 
[5161 423-0443 SER S c nu uiae Mae cpa Obr Keds Gg aig C - 
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A NEW Concept 
in Ambulatory 


, ECG RECORDING 








* 

a Permits long duration monitoring of active 
* patients with playback directly into your 
e office ECG unit. No special data process- - 
Li ing equipment is needed. 

ps 

i Both patient-activated and pre- 
Sd programmed recordings. Program 
e. can be set to give ECG recording 
"ue periods from 3% to 28 seconds in 
E length at intervals from 15 to 120 
a minutes. 

«o 


Patient's comments recorded on 
tape along with ECG. No necessity 


for patient to keep written diary. 
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E Recorded signals can be directly trans- 
wae mitted from CARDIOCASSETTE over 

VE phone lines to any ECG receiver, facili- 
ee tating rapid analysis or consultation. 

ES H 

ex: Cost much lower than other long- 

je LN TONES duration ambulatory ECG systems. 

kt ~$ * - w 

. The Simple, Direct Design for 


_ Dynamic Electrocardiography 





E Operates for 1 to 4 days or more without recharg- 

BS ios ing the battery, using only one side of cassette. 

p Uses standard tape cassettes. 

2D Power supply: 5 volt Nicad rechargeable battery and 

A | 9 volt transistor battery. Battery life more than one 

EC year in normal use. ! 

E Reliability and high performance insured 

E by simple, rugged design. SOT 
ae ASIN LEE 
E». | | ^ (^ 

EN For a demonstration or more information © — + 
E. write or phone: E 

B ~~ 

E — Cardiodyne__ 

: Cardiodyne, Inc. 19282 Stevens Creek Blvd. Cupertino, CA 95014 Phone: (408) 253-9582 
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* Nitrates are the first line of defense 





against angina pectoris 


* The therapeutic goal of oral nitrate therapy 


is an angina-free patient 


Fewer tablets for patients on 80 mg. or more per day (up to a 
maximum of 120 mg./day) 

* To provide prophylaxis against anginal attacks often caused 
by unavoidable everyday stress. 

* To reduce the frequency and severity of angina pectoris 
attacks. (Not intended to abort the acute episode.) 







* Indications: Based on a review of this drug by the National Academy 
of Sciences—National Research Council and/or other information, FDA 
has classified the indication as follows: 

"Possibly" effective: When taken by the oral route, Isordil is indicated 
for the relief of angina pectoris (pain of coronary artery disease). It is 
not intended to abort the acute anginal episode, but is widely regarded 
as useful in the prophylactic treatment of angina pectoris. 

Final classification of the less-than-effective indications requires further 
investigation. 


Contraindication: Idiosyncrasy to this drug. 

Warnings: Data supporting the use of nitrites during the early days of the 
acute phase of myocardial infarction (the period during which clinical and 
laboratory findings are unstable) are insufficient to establish safety. 










Precautions: Tolerance to this drug and cross-tolerance to other nitrites 
and nitrates may occur. $ 

Adverse Reactions: Cutaneous vasodilation with flushing. Headache is 
common and may be severe and persistent. Transient episodes of dizziness 
and weakness as well as other signs of cerebral ischemia associated with 
postural hypotension may occasionally develop. This drug can act as a 
physiological antagonist to norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual exhibits marked sensitivity to 
the hypotensive effects of nitrite, and severe responses (nausea, vomiting, 
weakness, restlessness, pallor, perspiration and collapse) can occur even 
with the usual therapeutic dose. Alcohol may enhance this effect. Drug 
rash and/or exfoliative dermatitis may occasionally occur. 


Consult direction circular before prescribing. 
May we send you reprints, detailed information and/or professional samples? 


IVES LABORATORIES ING. 


New York, New York 10017 ® 


DEDICATED TO IMPROVING THE QUALITY OF LIFE 
THROUGH MEDICINE® 


A47 


COMPUTER ECG 
ANALYSIS SYSTEM 
WITH THESE 

NEW AND 
VALUABLE FEATURES 





patient name, identification, ECG complexes and interpretatio 
prints and plots these on one standard size (m P MP D x 44") sheet. 
Active Storage of 1000 Cases 1000 ECG reports complete 

with ECG complexes, electronically stored - retrievable in ten 
seconds each. Expandable to 7000 cases. 

Infinite Archival Storage Digital Magnetic Data Card® system 
can be added to store all records beyond active storage cap- 
ability so re-admissions can always be retrieved and comparea 
Dual Analysis Program Standard lead program (Bonner or 
Caceres) plus vector program (Smith or Pipberger) selectable b 
one ID digit. Automatic vector plots as second page of repor. 
IBM 360/370 Interconnectable MUSE || can provide 

IBM 360/370 interfacing to your hospital central data base and 
processor center. 

For more information, contact: Marquette Electronics, Inc., 

P.O. Box 8039, 8200 W. Tower Ave., Milwaukee, Wis. 53223. 


£& Marquette 
ad d inc. 
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The American Journal of CARDIOLOGY ° 


VOLUME 36 


NUMBER 4 


CLINICAL STUDIES 





Regional Left Ventricular Wall Dynamics Before and After 
Sublingual Administration of Nitroglycerin 


JEAN G. DUMESNIL, MD Regional wall dynamics of the left ventricle before and after sublingual 


ERIK L. RITMAN, MB, PhD administration of 0.6 mg of nitroglycerin were determined from left 
GEORGE D. DAVIS, MD ventricular angiograms in 27 patients undergoing coronary arteriogra- - 
GERALD T. GAU, MD, FACC phy. Regional wall dynamics were quantitatively measured from 60/ 


BARRY D. RUTHERFORD, MB, FRACP 


ROBERT L. FRYE, MD, FACC sec determinations of wall thickness and derived peak rate of systolic 


wall thickening (peak dTw/dt) in selected sites of the left ventricle. A 
Rochester, Minnesota total of 70 regions were studied. Analysis of the same segment before 
and after administration of nitroglycerin revealed that the mean 
change in peak dTw/dt was +1.97 cm/sec in segments with an initial - 
peak dTw/dt of less than 5 cm/sec, in contrast to a change of +0.66 — 
cm/sec in segments with an initial control value of 5 cm/sec or great- 
er. Akinetic or dyskinetic areas did not show improvement after nitro- — 
glycerin. In 11 left ventriculograms, an area that was initially hypokine- . 
tic manifested an increase in rate of wall thickening after nitroglycerin. - 
The mean increase in peak dTw/dt in anterior segments with electro- © 
cardiographic evidence of myocardial infarction was 0.18 cm/sec (P 
« 0.05) after nitroglycerin, compared with a mean change of 1.33 — 
cm/sec in anterior segments without such evidence. This study pre- - 
sents evidence for a regional myocardial response to nitroglycerin with | 
differing responses within the same ventricle apparently depending — 
upon the functional state of the underlying myocardium. 


The hemodynamic and metabolic effects of nitroglycerin in patients 
with coronary artery disease have been documented by many observ- 
ers.!-? Studies of the effects of nitroglycerin on total as well as region- 
al myocardial blood flow* indicate that sublingual administration of 


Fiori. thie: Maye. Cihie and" Mayo. Fotindation; the drug has a systemic effect on the peripheral circulation and alters 


Rochester, Minn. This investigation was sup- the distribution of myocardial blood flow. The relative importance of 
ported in part by Research Grants HL-14196F, each mechanism in explaining the beneficial effect in relief of angina 
RR-7, and HL-4664 from the National Institutes pectoris remains controversial and little is known about the specific 


of Health, U. S. Public Health Service, Bethes- . ; ‘ 4i 
da, Md. Manuscript accepted March 19, 1975. effect of nitroglycerin on the regional patterns of contraction of the 


Address for reprints: Erik L. Ritman, MB, De- left ventricle. The latter is of interest since in patients with coronary 
partment of Physiology, Mayo Clinic, Rochester, artery disease the underlying functional state of the myocardium may. 
Minn. 55901. differ from one ventricular area to another. This study was designed 
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Left ventriculograms were analyzed with the use of 
roentgen videometry, which permits determinations at a 
rate of 60 images per second of left ventricular volume and 


.. wall thickness." Wall thickness at selected sites was com- 


puted as the least distance between the epicardial and en- 
docardial surfaces outlined by the videometric border rec- 
ognition and measurement system. One value for wall 
thickness was obtained for each 60/sec video field image re- 
corded during several cardiac cycles of the left ventriculo- 
gram. Regional wall dynamics were quantitatively evalu- 
~ ated from computer-generated plots of these 60/sec wall 
. thickness determinations. Measurements performed in- 
- cluded end-diastolic wall thickness, mean and peak systolic 
rates of wall thickening (mean and peak d'Tw/dt) and frac- 
tional increase in wall thickness. Depending on the dimen- 
sions of the cardiac silhouette and on the extent over which 


— the epicardium can be satisfactorily identified, one to three 


sections of the anterior wall and one to two sections of the 
posterolateral wall can generally be studied. 
Electrocardiograms were independently interpreted by 
two of us (J.G.D. and G.T.G.) without knowledge of the im- 
mediate results of the videometric analysis. Patients classi- 
fied as having myocardial infarction had unequivocal elec- 
trocardiographic and  vectorcardiographic evidence of 
_ transmural myocardial infarction. Patients with question- 
able electrocardiographic evidence of infarction, such as 
anterior infarction in the presence of left bundle branch 
block, were not classified as having evidence of myocardial 


-. infarction. 


Results 


Group I—patients with coronary artery dis- 
ease and nitroglycerin studies: In the 21 patients 


— of this group, the luminal diameter of one or more 


major coronary arteries was diminished by more than 
75 percent. The hemodynamic changes in this group 
are listed in Table I. After the administration of ni- 
troglycerin, mean left ventricular systolic pressure 
(mm Hg) decreased from 133 + 25 (standard devia- 
tion) to 121 + 20 (P «0.001) and mean left ventricu- 
lar end-diastolic pressure (mm Hg) decreased from 
20 + 8 to 16 + 7 (P <0.01). Left ventricular end-dia- 
stolic volume (ml) was decreased by 16 percent, from 
138 + 39 to 118 + 42 (P <0.001), and the ejection 
fraction (percent) was increased from 48 + 13 to 55 + 
15 (P «0.001). Left ventricular stroke work (g-m) de- 
creased from 89.2 + 31.2 to 73.3 + 22.6 (P <0.01). 

A previous study of this method? revealed that 
peak rate of systolic wall thickening (dTw/dt) is the 
variable that is most sensitive to changes in wall dy- 
namics. Regional dynamics are classified as normal 
(peak dTw/dt greater than 5 cm/sec), hypokinetic 
(peak dtW/dt less than 5 cm/sec), akinetic (peak 
dTw/dt equal to 0) or dyskinetic (peak systolic 
d'Tw/dt less than 0). 

In the 21 control left ventriculograms from pa- 
tients with coronary artery disease, 46 segments (28 
anterior and 18 posterolateral wall) of the left ventri- 
cle had peak d'Tw/dt values of less than 5 cm/sec and 
. 10 segments (7 anterior and 3 posterolateral wall) 
— had values of more than 5 cm/sec. Analysis of the 
same segments after administration of nitroglycerin 
revealed that peak d'Tw/dt in the 46 segments with 
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TABLE II 


Peak Rate of Wall Thickening (dTw/dt) During Systole in 
Four Patients With Two Left Ventriculograms 5 to 10 
Minutes Apart and No Nitroglycerin 


Peak dTw/dt 


First Angiogram Second Angiogram 


Antero- Postero- Antero- Postero- 
septal lateral septal lateral 
Case no. Segment Segment Segment Segment 
24 4.8 <3 5.4 “aS 
25 4.2 9.6 4. 10.8 
26 3.6 duns 3.0 v 3 
27 TAS 7.8 Lace 7.8 


an initial value of less than 5 cm/sec changed from 
—1.4 to +5.5 cm/sec (mean +1.97, standard deviation 
1.13, standard error 0.28), compared with a change of 
—1.0 to +1.6 cm/sec (mean +0.66, standard deviation 
46, standard error 0.12) in the segments with control 
values equal to or greater than 5 cm/sec. There was a 
statistically greater responsiveness (P <0.01) to ni- 
troglycerin in segments with peak dTw/dt control 
values of 2 to 5 cm/sec (Fig. 1). Eighteen segments 
with initial values for peak dTw/dt of less than 5 
cm/sec were in the normal range for peak dTw/dt 
after administration of nitroglycerin (Fig. 1). When 
segments with a peak dTw/dt of less than 5 cm/sec 
were classified according to hypokinesis (peak d'Tw/ 
dt less than 5 but more than 0 cm/sec), akinesis (peak 
dTw/dt equal to 0) or dyskinesis (peak dTw/dt less 
than 0), the following difference was noted: No akine- 
tic or dyskinetic area manifested a positive peak 
dTw/dt after administration of nitroglycerin in spite 
of a decrease in left ventricular systolic and end-dia- 
stolic pressures or a decrease in left ventricular end- 
diastolic volume, or both. 

Of particular interest were left ventriculograms in 
which peak dTw/dt varied within the same ventricle. 
In 11 left ventriculograms, an initially hypokinetic 
area had an increase in rate of wall thickening after 
administration of nitroglycerin, whereas other re- 
gions in the same ventricle did not change. In one 
case (Fig. 2), a previously hypokinetic region became 
normal after administration of nitroglycerin, whereas 
there was little or no change in a region with original- 
ly normal dynamics. In another case (Fig. 3), one of 
two hypokinetic regions within the same ventricle 
showed greatly improved dynamics after administra- 
tion of nitroglycerin and the other did not. 

Differences in response to nitroglycerin of seg- 
ments with and without electrocardiographic evi- 
dence of myocardial infarction were compared. The 
mean and standard deviation for the change observed 
in peak dTw/dt after nitroglycerin in 16 anterior seg- 
ments without infarction were 1.33 and 1.20, respec- 
tively. In five anterior segments with infarction, these 
values were 0.18 and 0.30, respectively. The differ- 
ences of these means were statistically significant at 
the 0.05 level (using Scheffe's d procedure, with a 


Volume 368 


Peak dtw/dt NTG 
(cm/sec) 


| o No infarct | 
x Anterior infarct 
| + Inferior infarct | 





Peak dtw/dt Control 
(cm/sec) 
FIGURE 1. Peak rate of regional wall thickening during systole 
(dtw/dt) before (abscissa) and after (ordinate) administration of ni- 
troglycerin (NTG). Circles represent segments considered to show 
no electrocardiographic evidence of myocardial infarction; crosses 
and triangles represent, respectively, segments with electrocardio- 
graphic evidence of anterior and inferior myocardial infarction. 


two-sided test). However, after administration of ni- 
troglycerin, the mean and standard deviation of 
change in dTw/dt for 15 posterior segments without 
infarction were 1.41 and 1.34, respectively, and for 6 
posterior segments with infarction, 1.68 and 2.24 (dif- 
ference not statistically significant at the 0.05 level). 
Group II—patients with normal coronary ar- 
teries and nitroglycerin studies: Two patients had 
angiographically normal coronary arteries. Changes 
in hemodynamic data, ejection fraction and end-dia- 
stolic volume are listed in Table I. In the four normal 
regions studied, the range of change in peak dTw/dt 
was —0.6 to +0.9 cm/sec. The maximal difference in 
peak dTw/dt between anterior and posterior regions 
studied in the same ventricle was 0.6 cm/sec before 
and 0.3 cm/sec after administration of nitroglycerin. 
Group III— patients with two ventriculograms 
but no nitroglycerin before second left ventricu- 
logram: Data from four patients without an inter- 
vention between left ventriculograms performed 5 to 
10 minutes apart are included in Table II. The differ- 
ence in peak d Tw/dt in the same segment without an 
intervention ranged from 0 to 1.2 cm/sec, with a 
mean of 0.6 cm/sec in the five segments available for 
such studies. The maximal difference between any 
two segments was 20 percent of the smallest value for 
peak dTw/dt. Three segments showed a small in- 


crease, one a decrease and one no change in peak 
d'Tw/dt. 


Discussion 


'The method used for the quantitative evaluation of 
regional wall dynamics in this study has been de- 
scribed in detail recently.’ Regional wall dynamics 
were quantitated by measuring wall thickness, per- 
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Left Circumflex Coronary Artery ) 
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O 1 2 3 seconds 
FIGURE 2. Case 3. Regional dynamics of anterior and posterolateral 
ventricular wall thickness before and after administration of nitro- 
glycerin. The peak rate of thickening of the anterior wall (left), 
which was initially normal, did not change after nitroglycerin, where- 
as the peak rate of thickening of the posterolateral wall (right), ini- 
tially hypokinetic (less than 5 cm/sec), was normal (more than 5 
cm/sec) after nitroglycerin. 





(d 50 yr,Occluding Left Anterior Descending and Circumflex 
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FIGURE 3. Case 4. Regional dynamics of anterior and posterolateral 
ventricular walls before and after administration of nitroglycerin. 
Both regions were originally hypokinetic. A selective increase in the 
peak systolic rate of thickening of the anterior wall occurred after ni- © 
troglycerin. 


cent change of wall thickness during systole and the 
mean and peak rates of wall thickening. The peak 
rate of wall thickening (peak dTw/dt) reliably differ- 
entiated normal patients from those with uniform re- 
duction of left ventricular contraction. Also, in select- 
ed patients with coronary artery disease and regional 
abnormalities of contraction, a good correlation was 
found between the anatomic location of a coronary 
arterial stenosis and the region with a quantitative 
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abnormality of peak d'Tw/dt. Thus, the peak rate of 
wall thickening during systole appeared to provide a 
quantitative index of regional left ventricular func- 
tional status. 

Any study of sequential left ventriculograms re- 
quires consideration of the effect of the prior dose of 
contrast material on the data derived from the sec- 
ond left ventriculogram. The hemodynamic effects of 
contrast media, which have been extensively docu- 
mented,!?.!! include increases in cardiac output, plas- 
ma circulating blood volume and ventricular end-dia- 
_ Stolic pressure. Some of these alterations may persist 
for 20 minutes after the injection of contrast materi- 


. al. We used a time interval of 10 minutes between the 


two left ventriculograms to minimize the duration of 
_ the procedure. The validity of this approach is sup- 
ported by the small variation in the peak dTw/dt and 
in the two ventriculograms obtained in the patients 
without administration of nitroglycerin. This corre- 
— sponds to the findings of Brown et al.,!? who noted 
that mean cardiac output returned to approximately 
10 percent above control level 10 to 15 minutes after 
angiocardiography. 


. Reversibility of Abnormal Regional Wall Dynamics 


Having demonstrated the feasibility of quantitat- 
ing abnormalities in wall dynamics with the video- 
metric system, we investigated the reversibility of 
regional abnormal rates of wall thickening at rest 
after administration of nitroglycerin to patients with 
coronary artery disease. The number of reports on at- 
tempts to improve regional abnormalities of contrac- 
tion at rest has been increasing. Herman et al.!? em- 
^. phasized the importance of regional abnormalities of 
contraction in patients with coronary artery disease, 
and Herman and Gorlin!? reported improvement in 
an area of paradoxic pulsation after administration of 
epinephrine. Belousov et al. noted electrokymo- 
graphic improvement in areas of abnormal pulsation 
after administration of nitroglycerin in 11 patients 
. with coronary artery disease. More recently, Helfant 
. et al!^ demonstrated improvement in hypokinetic 
and akinetic regions of the left ventricular wall after 
nitroglycerin in 35 patients with coronary heart dis- 
ease; on the basis of these data, they suggested that 
the presence of regional residual contractility can be 
predicted. Most previous studies of the effect of an 
intervention on regional patterns of contraction have 
been directed toward the development of an abnor- 
mality in a region that appeared to be normal at rest. 
Dwyer! studied the appearance and pressure-vol- 
ume relations of the left ventricle during angina pec- 
toris induced by atrial pacing. In 8 of 10 such pa- 
tients, gross alterations in regional patterns of con- 
traction were observed, with an associated narrowed 
coronary artery supplying the affected region. The 
most frequent abnormality was a reduction in degree 
of wall motion. Helfant et al.!” studied the effect of 
propranolol, 5 mg intravenously, on left ventricular 
contraction and noted that asynergy was induced in 
five subjects, three of whom had coronary artery dis- 
ease. Dove et al.!8 demonstrated in eight patients 


with coronary artery disease that regional hypokin- 
esia and akinesia elicited by atrial pacing could be re- 
turned toward a state of normal kinetics when nitro- 
glycerin was administered during the pacing. 

Determinants of reversibility after nitroglyc- 
erin: This study has shown that hypokinetic areas of 
the left ventricle (specifically defined as areas with a 
peak systolic rate of wall thickening (d Tw/dt) of less 
than 5 cm/sec but greater than 0) in patients with 
coronary artery disease show improvement or return 
to normal after administration of nitroglycerin. A 
critical determinant of this response appears to be 
the state of the muscle in the region under study. 
Thus, within the same ventricle, and with identical 
hemodynamic and volumetric changes, some abnor- 
mal areas may show improvement while others are 
not changed. Hypokinetic areas within the expected 
anatomic distribution of myocardial infarction, as de- 
termined by electrocardiography, had lower rates of 
wall thickening and did not increase to the same de- 
gree as did areas without infarction. The exceptions 
to this generalization occurred primarily in patients 
with an electrocardiographic classification of inferior 
myocardial infarction, when the operator of the 
videometric system was uncertain about the anatom- 
ic extent of the inferior infarction on the posterior 
lateral wall segment being sampled. An additional 
consideration is that areas with electrocardiographic 
evidence of myocardial infarction in which there is a 
dramatic improvement in hypokinetic areas may rep- 
resent sites of ischemic but viable muscle surround- 
ing the infarcted area. 


Mechanism of Nitroglycerin Effect 


Increased coronary blood flow: The mechanism 
of increased rate of wall thickening in regional areas 
of the left ventricle presumed to be ischemic secon- 
dary to significant coronary arterial narrowing is not 
clear from our study. An increase in coronary blood 
flow after administration of nitroglycerin has been 
shown by Abel and Reis!? to increase myocardial con- 
tractility. These investigators used an isovolumetri- 
cally contracting dog ventricle so that coronary blood 
flow and pressure could be controlled independently. 
A change in myocardial contractility was assessed by 
comparison of force-velocity curves with calculated 
changes in velocity of shortening of the contractile el- 
ement. With coronary arterial pressure held con- 
stant, myocardial contractility increased with the in- 
crease in coronary blood flow after administration of 
nitroglycerin. They considered the possibility of a di- 
rect action of nitroglycerin on cardiac muscle as an 
explanation of these findings but referred to unpub- 
lished observations of Zelis that nitroglycerin had no 
effect on the contractile state of the isolated papillary 
muscle. 

Redistribution of myocardial blood flow: Also 
to be considered is the possibility of redistribution of 
myocardial blood flow to ischemic areas during ad- 
ministration of nitroglycerin. Winbury et al.$ demon- 
strated evidence of redistribution of coronary blood 
flow after administration of nitroglycerin. Using a 
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polarographic technique to measure oxygen tensions 
in the subepicardium and subendocardium, they 
demonstrated that, after nitroglycerin, oxygen ten- 
sion in the subendocardium increased markedly, with 
little or no change in subepicardial oxygen tension, 
both in normal animals and in animals with experi- 
mental subendocardial ischemia. They concluded 
that nitroglycerin resulted in a diversion of blood 
flow from the subepicardium to the subendocardium. 
In contrast, Forman et al.?? demonstrated that dogs 
with acute partial coronary occlusion had a signifi- 
cant decrease in subendocardial blood flow after ni- 
troglycerin, with diversion of blood to the subepicar- 
dial areas. This finding was supported by the mea- 
surement of contractile force in subendocardial and 
subepicardial areas and the demonstration of a re- 
duction of contractile force in the deep subendocar- 
dial layers of the ventricle after nitroglycerin. 


noted in our study were related to alterations in af- . 


terload as a result of the nitroglycerin. | 


Peripheral effects—reduced myocardial oxy- - 
gen requirements: Previous studies?! have empha- - 


sized the peripheral actions of nitroglycerin as a. 


major factor in the beneficial effect of the drug in pa- 
tients with coronary artery disease. The decrease in 


overall wall tension as a result of a decrease in ven- - 


tricular volume and wall tension throughout the car- 
diac cycle results in a reduction in myocardial oxygen 


requirements that may be of importance to the isch- _ 


emic ventricle. Our study provides evidence of a re- 


gional myocardial response to nitroglycerin with dif- ; 
fering responses within the same ventricle apparently 


depending upon the functional state of the underly- — 


ing myocardium. 
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A direct and quantitative study of the effects of sublingually adminis- 
tered nitroglycerin on the major determinants of myocardial oxygen 
consumption was carried out in 10 patients, 7 with coronary artery dis- 
ease. Left ventricular wall tension, estimates of the contractile state 
and heart rate were studied directly using simultaneous pressure mea- 
surements and angiographically obtained volume determinations. 

The peak systolic left ventricular wall tension decreased 15 percent 
after administration of nitroglycerin, suggesting a diminished myocar- 
dial oxygen requirement. Increased myocardial oxygen requirements 
were suggested by the occurrence of both positive chronotropic and 
inotropic effects. Heart rate increased 15 percent. The mean circum- 
ferential fiber shortening velocity increased 26 percent and the ejec- 
tion fraction 30 percent; these findings, in association with a 23 per- 
cent reduction in left ventricular end-diastolic volume, were considered 
consistent with an increase in the contractile state. The mechanism of 
action of nitroglycerin seems to relate best to the decrease in systolic 
wall tension. The end-diastolic tension decreased 57 percent, suggest- 
ing the possibility that diastolic coronary blood flow may be augmented 
by diminished extravascular resistance to flow. 


Although nitroglycerin has been used for more than 100 years in the 
clinical management of angina pectoris,! its mechanism of action is 
not completely delineated. One hypothesis is that nitroglycerin favor- 
ably alters the relation between myocardial oxygen need and demand 
by favorably altering the determinants of myocardial oxygen con- 
sumption.? The second hypothesis is that nitroglycerin improves oxy- 
gen delivery to ischemic tissue by increasing total myocardial blood 
flow or by producing a redistribution of flow.? 

The relation between oxygen supply and demand in patients with 
symptomatic coronary artery disease is determined by a restricted 
oxygen supply caused by a critical degree of coronary arterial steno- 
sis. For this reason, therapeutic attempts have focused on reducing 
oxygen requirements. Myocardial oxygen requirements are deter- 
mined to the greatest extent by heart rate, systolic pressure, left ven- 
tricular volume, left ventricular wall thickness and the contractile 
state of the left ventricle. : 

In all previous investigations of the mode of action of nitroglycerin, 
one or several determinants of myocardial oxygen consumption have 
been analyzed by indirect techniques, such as chest X-ray film, indi- 
cator-dilution technique,” epicardial clips® or echocardiography.” In 
this study we made direct and simultaneous observations of each de- 
terminant of oxygen consumption to assess its relative importance. 


Methods 


The subjects were eight men and two women aged 39 to 62 years. Seven pa- 
tients had coronary artery disease and three of these had a ventricular aneu- 
rysm. Of the three patients without coronary artery disease, two had a pri- 
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mary myocardial disorder, manifested only by abnormal 
left ventricular end-diastolic pressure at rest or after exer- 
cise, and one had normal cardiac findings. Because the data 
in these 3 patients were directionally and quantitatively 
similar to those of the patients with coronary artery dis- 
ease, the 10 patients were analyzed as one group. 


heart rate. The dye-dilution value for stroke volume was ~ 
used in conjunction with the angiographically determined . 
end-diastolic volume to calculate ejection fraction. The — 
ejection fraction, so determined, is usually less (normal = 

45 + 6 [mean + standard deviation] percent) than the ejec- _ 
tion fraction calculated solely by the angiographic tech- . 
nique. We elected to calculate ejection fraction with this - 
method for several reasons. We and others!? have observed - 
occasional difficulties in accurately outlining the complete 

ventricular silhouette, especially the area of the papillary - 
muscles, although internal radii of the minor left ventricu- 

lar circumference can be reproducibly measured (see later). 

Gentzler et al.!! have shown that, although left ventricular . 
end-diastolic volume measurements are identical in pos- 

teroanterior and lateral angiograms, values for end-systolic | 
volume vary widely in the two projections in patients with - 
regional wall abnormalities. This technique eliminates po- 

tential error introduced by regional wall abnormalities not — 
visualized when angiographic studies are limited to a sin- — 
gle plane. T 


Hemodynamic measurements: All patients were stud- 
ied in a postabsorbtive state and were premedicated with 
100 mg of orally administered pentobarbital sodium. In- 
formed consent was obtained from each patient. A Teflon® 
needle was inserted percutaneously into the left brachial 
artery, and right and retrograde left heart catheterization 
was performed utilizing standard techniques. Observations 
of heart rate, brachial arterial pressure, left ventricular 
pressure and cardiac output were made during a 20 minute 
control period with the patient in a supine position. The 
zero reference pressure was set at mid-chest level. Pres- 
sures were measured with Statham strain gauge transduc- 
ers (P23 Db series). Cardiac output determinations were 
made just before ventriculography by the dye-dilution 
technique with injection of indocyanine green dye into the 
pulmonary artery and sampling from the brachial artery. 

The left ventricular end-diastolic pressure was mea- 
sured at the trough formed by the downstroke of the a 
wave and the upstroke of the left ventricular pressure 
curve. In all instances this point was sharp and precise. 


Ventricular axes and wall thickness: The internal ra- - 
dius of the minor left ventricular circumference was mea- 
sured at 31.2 msec intervals and at a point perpendicular to . 
and at the mid-point of the long axis. Left ventricular wall . 
thickness and the long axis were measured at end-diastole 3 
and end-systole and then the intermediate points were cal- - 
culated, assuming a linear change in wall thickness and. 
length.!2 Because there was a time lag of 30 msec in the 
catheter and transducer system, the left ventricular pres- 
sure data recorded on the cine film were appropriately cor- 
rected for the calculation of wall tension. 


Angiographic measurements: An end-inspiratory left 
ventriculogram was obtained with the patient rotated into 
a 25° to 30° right anterior oblique position by a calibrated 
mechanical cradle. After injection of 50 to 60 cc of meglu- 
mine diatrizoate with sodium diatrizoate (Renografin®-76) 
into the pulmonary artery, a cine film (64 frames/sec) of 
the levophase was recorded. During ventriculography, left 
ventricular pressure, brachial arterial pressure and the 
electrocardiogram were recorded simultaneously at 200 
mm/sec on a photographic recorder that also directly re- 


Wall tension: The geometric reference figure used to 
calculate wall tension was a thick-walled ellipse. Left ven- 
tricular wall tension was computed throughout systole with | 
the aid of a digital computer as | 


-" 


corded the pressure on cine film using the Cinetrace system 
(Electronics for Medicine). To minimize the effects of con- 
trast material on ventricular function the earliest systoles 
providing adequate visualization of the left ventricular cav- 
ity were analyzed. In light of our own observations and 
those of others,® approximately 25 minutes was allowed be- 
tween ventriculograms to permit normalization of the he- 
modynamic state. 

Hemodynamic and angiographic studies were repeated 3 
to 6 minutes after sublingual administration of 0.6 mg of 
nitroglycerin. Subsequently, selective cineangiography of 
the right and left coronary arteries was performed in multi- 
ple projections by the Sones technique. 

Calibration of all measurements in each ventriculogram 
to actual dimensions was done by positioning a grid with 1 
cm markings at the level of the cardiac apex so that a single 
factor (f) could be calculated to correct for magnification. 

The silhouette of the left ventricular end-diastolic cavi- 
ty was drawn and outlined. The area (A) within the left 
ventricular outline was obtained by planimetry. The long 
axis (L) from the apex to the mid-plane of the mitral valve 
was measured directly. The average width (W) of the short 
axis was then calculated from the equation for the area of 
an eclipse where W = 4A/L. 

Left ventricular end-diastolic volume was calculated 
from the single plane cine film using the ellipsoid model 
and method described by Greene et al.? The formula used 
in each instance is: V = 7/6-1/f?.LW?, where V = volume, f 
= magnification factor, L = long axis and W = short axis. 


Ejection fraction: Stroke volume was calculated by di- 
viding the dye-dilution cardiac output determination by 
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where P = left ventricular intracavitary pressure in milli- 
meters of mercury, ri = instantaneous internal radius in. 
centimeters, L = long axis in centimeters and h = w 
thickness in centimeters. f 
The distribution of force across the myocardial wall is- 
unknown but is generally assumed to be uniform through- 
out the myocardial wall. Such an assumption is clearly in- 
valid in many of the patients in our study, who have residu- 
al infarcts, areas of wall thinning or dyskinetic motion. Un- 
less such regional changes are recognized, wall tension will 
be seriously underestimated. Wall tension in this study re- 
fers only to the mean tension generated by a cross section 
of myocardium through the equator of the ellipse. 
End-diastolic tension (EDT), peak systolic tension 
(PST) and peak developed tension (PDT) where PDT = 
PST — EDT were calculated. : 


Velocity of shortening (Vcr): A mean velocity of short- 
ening of the internal circumference was computed in each 
patient by dividing the extent of shortening of the mid-wall 
circumference by the systolic ejection time. This calcula- 
tion was corrected for end-diastolic circumference so that 
the mean velocity of circumferential fiber shortening was 
expressed as circumferences per second. Estimates of sys- 
tolic performance of the left ventricle based on determina- 
tions of ejection fraction and Vcr have been shown by 
Gentzler et al.!! to vary with the angiographic view in pa- 
tients with regional wall abnormalities. This variability is 
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- standard error of the mean; SEP = 
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TABLE | 


Summary of Data Before and After Sublingual Administration of Nitroglycerin 
A at ms E NC rs RP ease on OU a ig Fe i SE PEG AIR: ON a LP AE DR EE A ES UR 


Age 
Case (yr) & 
no. BSA Sex State Diagnosis HR LVS/ED Cl 


1 1.94 45M C CAD 70 110/19 3.4 
NTG 79 105/15 45 
2 1.64 49M C CAD 75 80/18 3.4 
NTG 90 75/10 3.3 
3 1.83 52M C CAD 104 102/8 3.4 
NTG 110 100/6 3.9 
4 1.73 48M C CAD 90 150/16 4.0 
NTG 120 135/7 5.5 
5 1.81 62M C CAD 75 100/15 3.0 
NTG 76 90/9 2.6 
6 1.80 58M C CAD 71 122/21 22 
NTG 72 100/10 2.0 
7 1.50 60F C CAD 70 150/15 29 
NTG 75 145/9 3.1 
8 1.94 39M C PMD 84 135/13 3.3 
NTG 116 NA/4 4.1 
9 1.59 50F C PMD 72 185/25 3.0 
NTG 80 140/7 3.5 
10 1.57 57M C Normal 83 125/6 2.8 
NTG 92 110/4 2.5 
Mean C 79 126/17 32 

*SEM +4 +10/2 +0.2 
NTG 91 111/9 3.6 

+6 +9/1 +0.3 
P value <0.01 <0.001 NS 





SI SEP EDVI EDT PST PDT EF Ver 
49 0.32 85 49 192 143 58 0.95 
57 0.32 67 28 124 96 85 1.29 
45 0.29 146 64 264 220 31 0.47 
37 0.26 129 35 228 193 28 0.84 
33 0.26 113 17 207 190 29 1.94 
36 0.24 80 13 182 169 45 2.01 
45 0.28 87 47 347 300 52 1.07 
46 0.26 83 18 223 205 55 1.19 
40 0.28 215 59 328 269 10 0.38 
29 0.28 120 26 243 217 24 0.60 
32 0.29 220 70 355 285 14 0.22 
29 0.28 189 35 289 254 15 0.34 
41 0.34 86 48 296 248 48 0.92 
42 0.32 75 21 232 211 56 1.12 
39 0.30 102 27 180 153 39 1.74 
35 0.20 72 7 NA NA 49 2.45 
42 0.32 91 97 421 324 46 1.21 
44 0.32 69 21 291 270 64 1.50 
34 0.28 91 16 216 200 37 2.06 
28 0.26 60 8 164 156 47 2.55 
41 0.30 124 49 281 233 36 1.10 

+2 +0.01 +17 +8 +26 +20 +5 +0.21 
39 0.28 94 21 220 197 47 1.39 

+3 +0.01 +13 +3 +18 +17 +6 +0.24 
NS <0.05 «0.01 <0.01 «0.001 <0.001 <0.01 <0.001 





BSA = body surface area (m°); C = control; CAD = coronary artery disease; CI = cardiac index (liters/min per m?); circ/sec = circumferences 


per second; EDT = end-diastolic tension (g/cm?); EDVI = 


end-diastolic volume index (cc/m?); EF = ejection fraction (%); HR = heart rate 


_ (beats/min); LVS/ED = left ventricular systolic/end-diastglic pressure (mm Hg); NTG = after nitroglycerin; NA = not available; NS = not signifi- 
. cant; P = probability; PDT = peak developed tension (g/cm?); PMD = primary myocardial disorder; PST = peak systolic tension (g/cm?); SEM = 


systolic ejection period (sec); 
velocity (circumferences/sec). 


caused by inconsistency in measurement of end-systolic 
volume, which use of the indicator-dilution technique ob- 
viates. In addition, in each instance in our study each pa- 
tient served as his own control, and identical oblique views 
were obtained before and after administration of nitroglyc- 
erin. 


Results 


Each of the major determinants of myocardial oxy- 
— gen consumption (MVO:») was studied (Table I, Fig. 
pet): 
3 Hemodynamic Measurements 
Heart rate, which is considered a major determi- 


— nant of myocardial oxygen consumption, increased 15 


percent after administration of nitroglycerin, from 79 
—. to 91 beats/min (P <0.01). Two patients with three 
_ vessel coronary artery disease and a ventricular aneu- 
rysm showed only minimal changes (1 to 2 beats/ 
min). 

Left ventricular systolic pressure decreased from 
a mean value of 126 to 111 mm Hg (P «0.01). This 
variable contributes considerably to developed wall 
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SI = 


stroke index (cc/m?); Vege = mean circumferential fiber shortening 


tension, a major determinant of MVO», and is exam- 
ined in detail later. 

Cardiac index and stroke index relate poorly to 
oxygen requirements, and neither showed a signifi- 
cant change after administration of nitroglycerin. 

Left ventricular end-diastolic pressure was elevat- 
ed (17 mm Hg) during the resting state in these pa- 
tients. After the administration of nitroglycerin it de- 
creased significantly to 9 mm Hg (P <0.001), most 
likely reflecting the decrease in left ventricular vol- 
ume. 


Left Ventricular Volume 


The left ventricular cavity size decreased from 124 
to 94 cc/m? (P «0.01) after administration of nitro- 
glycerin. In general there was a reduction in both the 
long and short axes; in two patients there was a slight 
increase in the long axis associated with a marked de- 
crease in mid-plane diameter. 

Left ventricular wall tension: Instantaneous left 
ventricular wall tension is a major determinant of 
MVO?» and is calculated from combined measure- 
ments of left ventricular pressure, cavity size and 
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FIGURE 1. The effect of sublingually administered nitroglycerin on 
determinants of myocardial oxygen consumption. EDV = end-dia- 
stolic volume; EF = ejection fraction; HR = heart rate; LV = left 
ventricular; LVSP = left ventricular systolic pressure; PDT = peak 
developed tension; PST = peak systolic tension; Vcr = mean cir- 
cumferential fiber shortening velocity. 


wall thickness. End-diastolic tension, peak systolic 
tension and peak developed tension were also evalu- 
ated. 

After administration of nitroglycerin, end-diastolic 
wall tension decreased from 49 to 21 g/cm? (P <0.01), 
peak systolic tension from 281 to 220 g/cm? (P 
<0.001) and peak developed tension from 233 to 197 
g/cm? (P <0.001). All 10 patients had decreases in all 
three tension measurements. Figure 2 plots for each 
patient the decrease in end-diastolic and peak systol- 
ic tension values after administration of nitroglycer- 
in. Figure 3 shows the time course of wall tension de- 
velopment before and after nitroglycerin in both a 
normal patient (Case 10) and a patient with coronary 
artery disease (Case 3). In patients with severe coro- 
nary disease, and particularly in those with a ventric- 
ular aneurysm, there was a considerable delay in the 
time to peak tension, often as great as 150 to 160 
msec. Administration of nitroglycerin did not change 
the time to peak tension in any patient. A more rapid 
reduction in wall tension was frequently observed 
after nitroglycerin was given. 


Contractile State of the Left Ventricle 


The contractile state of the left ventricle was esti- 
mated by determination of ejection fraction and 
mean circumferential fiber shortening rate (Vcr). In- 
creases in both variables strongly suggested an in- 
crease in the contractile state after administration of 
nitroglycerin particularly since the left ventricular 
end-diastolic volume diminished concurrently. 

By our method of calculating ejection fraction 
(dye-dilution stroke volume and angiographic end- 
diastolic volume) four patients, all with coronary ar- 
tery disease, had a reduced ejection fraction. Two of 
these patients had a substantial increase in ejection 
fraction and two manifested little change after ad- 
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FIGURE 2. The effect of nitroglycerin (NTG) on left ventricular end- 
diastolic and peak systolic tension values for each patient. The end- 
diastolic tension is reduced from 49 +8 (standard error of the mean) 
to 21 +3 g/cm? (P <0.01) and the peak systolic tension from 281 
+26 to 220 +18 g/cm? (P <0.001). Note that both tension levels fall 
in all patients. 
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FIGURE 3. The effect of nitroglycerin on left ventricular wall tension 
in a normal subject (Case 10) and a patient with coronary artery dis- 
ease (Case 3). Wall tension is plotted at 31.2 msec intervals (2 cine 
frames) beginning with end-diastole, a point determined from the left 
ventricular pressure curve on the cineangiogram. Tension is reduced 
through systole after administration of nitroglycerin and there does 
not appear to be any significant change in time to peak systolic ten- 
sion (PST). EDT = end-diastolic tension. 


ministration of nitroglycerin. The remaining patients 
with a normal resting ejection fraction showed in- 
creases. For the entire group, the mean ejection frac- 
tion increased from 36 to 47 percent (P «0.01) after 
nitroglycerin, representing an increase of approxi- 
mately one third. 

Mean Vcr increased in all patients, changing from 
a mean control value of 1.10 to 1.39 circumferences/ 
sec (P «0.001). The mean resting value was below the 
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ported by Karliner et al.!? Only one of the patients 
with coronary artery disease had a normal resting 


. value. The increase in mean Vcr and ejection fraction 
. after administration of nitroglycerin was associated 
... With a decrease in left ventricular volume in each pa- 


E 
z 


tient (Fig. 4). 


Discussion 


The direct quantitation of myocardial oxygen con- 


~ sumption (MVO») requires the measurement of myo- 
. cardial blood flow and oxygen content of arterial and 
coronary venous blood. The arteriovenous oxygen 


difference can be determined with minimal error and 


. is unchanged after administration of nitroglycerin in 


m 
i 
D 


È 
D 


patients with coronary artery disease.!4 However, be- 


. cause results of determinations of myocardial blood 


flow after administration of nitroglycerin to patients 


. with coronary disease have been variable,!56 the ef- 


fect of nitroglycerin on MVO» has remained uncer- 
tain. In addition, the distribution of blood flow to the 


_ left ventricle of patients with coronary disease is het- 


erogeneous,'’ and changes in total MVOs may not re- 
flect local alterations in MVO; since wide variations 
in flow or arteriovenous oxygen difference may occur 
.in relation to localized coronary arterial narrowings.!? 
In spite of these limitations, a majority of studies, 


utilizing a variety of techniques including inert 


, 


-gases,!? nitrous oxide,!4^ flowmeters!? and thermodi- 


lution,” have shown a slight decrease in flow and 
MVO: after administration of nitroglycerin. Unpub- 
lished data from our laboratory in which total and re- 


 gional flow was measured by the xenon-133 washout 


technique?! confirm these observations. 
Previous investigations of the effect of nitroglycer- 
in on the determinants of oxygen consumption have 


. utilized indirect indexes or have not analyzed all fac- 


tors that contribute significantly to oxygen consump- 
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FIGURE 4. The effect of nitro- 
glycerin on measurements that 
estimate the left ventricular con- 
tractile state. The mean circum- 
ferential fiber shortening velocity 
(Vcr) increases in each patient 
after the administration of nitro- 
glycerin whereas end-diastolic 
volume diminishes. Similarly, the 
ejection fraction (EF) increases 
with diminishing end-diastolic vol- 
ume in all but one patient (Case 
2). 


100 


tion (for example, contractile state).?? In this study, 
simultaneous measurements of left ventricular wall 
tension, estimates of the contractile state and deter- 
minations of heart rate were performed to provide a 
more comprehensive assessment of the effect of ni- 
troglycerin in relieving angina. 

Decreased wall tension and MVO» after nitro- 
glycerin: Left ventricular wall tension was deter- 
mined directly by simultaneous pressure-volume 
measurements. We analyzed systolic, diastolic and 
peak developed wall tension before and after admin- 
istration of nitroglycerin. Peak developed tension has 
been established in experimental studies?? as the ten- 
sion factor that bears the closest relation to myocar- 
dial oxygen consumption. After administration of ni- 
troglycerin to our patients, we observed an 18 percent 
reduction in peak developed tension commensurate 
with significant reductions in end-diastolic volume 
and systolic pressure. Graham et al.,?? using anesthe- 
tized animals, analyzed the relation of peak devel- 
oped tension and MVO» (with a constant contractile 
state). They demonstrated a change of approximately 
25 to 30 percent in MVO» for every 100 percent 
change in peak developed tension. Extrapolation of 
their data to our observations suggests that the re- 
duction in wall tension observed after administration 
of nitroglycerin would result in only a 4 to 6 percent 
reduction in MVO»:. However, nitroglycerin will re- 
duce wall tension to a greater extent in the inner 
layers of the left ventricle and thus may produce a 
relatively greater decrease in endocardial oxygen re- 
quirements. During these studies we also observed 
increased wall motion in some local regions of the left 
ventricle (unpublished data), as others?* have re- 
ported. The combination of diminished heart size 
and increased systolic wall motion produced by nitro- 
glycerin should reduce systolic wall tension to an 
even greater extent, particularly in regions that may 
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be ischemic and hypokinetic at rest. The net effect 
would be to reduce oxygen demand in the most vul- 
nerable regions of the myocardium. Of course, our 
analysis of changes in wall tension refers only to the 
mid-wall of the left ventricle. In patients with coro- 
nary artery disease, dyskinetic and hypokinetic re- 
gions outside the mid-portion of the left ventricle will 
show a relatively greater wall tension than that seen 
in normally contracting areas. 

Inotropic effects of nitroglycerin—improved 
contractile state: The contractile state of the left 
ventricle has a significant effect on MVO»,?? and this 
state is difficult to characterize in man. Recently, the 
use of isovolumetric indexes to determine contractili- 
ty has been questioned on technical’ and theoreti- 
cal?6 grounds; therefore we elected to estimate the in- 
otropic state of these patients with measurements of 
mean Vcr and ejection fraction, both of which rely on 
angiographic techniques and represent the ejection 
phase of ventricular contraction. Both ejection frac- 
tion and mean Vcr increased 25 to 30 percent after 
sublingual administration of nitroglycerin. Earlier in- 
vestigations have suggested that nitroglycerin pro- 
duces an increase in contractility in anesthetized?’ 
and unanesthetized?? canine preparations, in isolated 
human atrial and ventricular myocardium?? and in 
hemodynamic studies in man.? Sympathectomy? 
and beta adrenergic blockade?9?? both appear to 
abolish this effect, thus suggesting that the positive 
inotropic response results from sympathetic reflex 
activity induced by hypotension or cardiac receptors 
that are sensitive to diminishing heart size.?! The 
change we observed in the contractile state was prob- 
ably not due to the small increase in heart rate. 
Higgins et al.?? have shown in the conscious animal 
undergoing cardiac pacing that an increase in heart 
rate of this magnitude would not significantly in- 
crease myocardial contractility. 

Redistribution of coronary blood flow after ni- 
troglycerin: One of the most dramatic and consis- 
tent effects of nitroglycerin was a marked (57 per- 
cent) decrease in end-diastolic wall tension (Fig. 2). 
Changes in diastolic wall tension would probably not 
influence oxygen demand; however, since they may 
influence the redistribution of myocardial blood flow, 
this alteration merits further discussion. Because ear- 
lier results!415.1920 have raised serious questions re- 
garding the hypothesis that nitroglycerin acts by in- 


creasing total coronary blood flow, consideration has 
been given the possibility that nitroglycerin may ef- 
fect a redistribution of flow to or within the ischemic 
region. . 

One hypothesis that suggests redistribution of flow 
between epicardium and endocardium has been sup- 
ported by recent studies of endocardial and epicar- 
dial flow distribution with the use of rubidium-86,?? 
microspheres?4 and oxygen tension measurements.!? 
Becker et al?* have demonstrated that dispropor- 
tionate levels of perfusion and ischemia occur in the 
subendocardial layer under circumstances of reduced 
coronary flow and that administration of nitroglycer- 
in results in a shift of flow from a relatively well per- — 
fused epicardium to a less adequately perfused endo- 
cardium. Our observation of changes in end-diastolic — 
tension may be pertinent in this context. 

It appears unlikely, in the presence of a critical ste- 
nosis of the coronary artery, that total nutrient flow 
would be increased by nitroglycerin. In addition, a 
maximal reduction of coronary arteriolar resistance 
results from ischemia, and an additional decrease in 
coronary arteriolar resistance would probably not be | 
produced by nitroglycerin. However, resistance to — 
flow may also be significantly reduced by a decrease 
in extravascular compressive forces such as that sug- 
gested by the pronounced reduction in diastolic ten- 
sion. Salisbury et al. and, more recently, Becker . 
and Pitt? have emphasized the role of compressive 
extravascular forces in the production and relief of 
ischemia. 

Under normal circumstances with normal perfu- 
sion pressure, intramural pressure offers little imped- 
ance to diastolic coronary flow. On the other hand, . 
patients with coronary disease show an early marked 
increase in left ventricular filling pressure during ex- - 
ercise?? that would contribute significantly to an in- - 
crease in diastolic wall tension. In addition, the ap- - 
pearance of ischemia can be associated with an en- - 
larging left ventricle?" which would also act to in- 
crease diastolic wall tension and impedance to dia- | 
stolic flow. Our data suggest that the effective reduc- 
tion in heart size produced by nitroglycerin not only 
may diminish oxygen demand by reducing systolic 
wall tension, but also may improve endocardial per- - 
fusion by decreasing diastolic extravascular resis- 
tance. 
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Creatine phosphokinase (CPK) isoenzyme determinations are useful in - 
the diagnosis of myocardial infarction. However, until suitably sensitive - 
and precise quantitative procedures became available, the diagnostic 
specificity of serum CPK isoenzyme elevations could not be thoroughly — 
examined. In this study an assay procedure capable of accurately de- - 
termining activity of individual CPK isoenzymes even in serum samples 3 
with normal total CPK activity was employed to obtain two types of in- 
formation. First, CPK isoenzyme profiles were examined in extracts of 
a spectrum of human tissues obtained at operation to determine - 
whether the isoenzyme associated with myocardium is present in 
other human tissues in quantities sufficient to produce increased activi- - 
ty in serum. In addition, CPK isoenzymes were analyzed quantitatively 
in serial serum samples from 50 hospitalized control subjects, 100 pa- 
tients with acute myocardial infarction, 100 patients undergoing non- 
cardiac surgery and 50 patients undergoing cardiac catheterization to 
determine whether insult to tissues other than the heart is associated 
with increased “myocardial” CPK isoenzyme activity in serum. Results — 
from analyses of tissue extracts indicated that myocardium is the only 
tissue surveyed containing sufficient MB CPK to account for substantial 
increases in serum MB activity. Results from analyses of serial serum 
samples indicated that MB CPK activity levels are consistently elevat- 
ed after myocardial infarction, averaging 0.089 IU/ml. However, after 
cardiac catheterization or noncardiac surgery peak serum MB activity 
remains low, averaging only 0.004 IU/ml despite marked elevations in 
total serum CPK activity. Thus, elevated serum MB CPK activity is a 
highly specific as well as sensitive criterion of myocardial injury. 


Soon after the pioneering observations by Karmen et al.,! increased. 
activity of selected serum enzymes became the established hallmark 
of acute myocardial infarction. Elevation of serum creatine phos- 
phokinase levels (CPK) appears to be the most sensitive conventional 
serum enzyme criterion of acute myocardial infarction,?-4^ but false 
positive results occur with a frequency of approximately 15 percent.? 
Recent technical advances in CPK isoenzyme analysis led to the ob- 
servation that increased activity of serum MB CPK (an isoenzyme as- 
sociated with myocardium) is a useful index of acute myocardial in- 
farction.^9 We’ have shown that increased serum CPK activity after 
intramuscular injections is not associated with elevated MB CPK lev- 
els in contrast to the case after acute myocardial infarction, but the 
overall specificity of elevated serum MB CPK activity as a diagnostic 
criterion of myocardial infarction remains to be thoroughly elucidat- 
ed. Tn 

In this study we sought to determine whether human tissue outside 
the heart contained sufficient amounts of MB CPK to account for ap- 
preciable elevations of MB CPK activity in serum. We have recently 
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: ; developed a quantitative procedure for assay of activ- 
- ity of individual CPK isoenzymes, with a sensitivity 


of 0.002 IU/ml and reproducibility of +2 percent.? 


— This technique, which avoids some potentially seri- 
. ous quantitative difficulties associated with conven- 


tional methods, was employed in this study to assay 


. CPK isoenzymes in extracts of human tissues ob- 
_ tained freshly during surgery from the myocardium, 
_ skeletal muscle, brain, stomach, colon, small intes- 
_ tines, lung, spleen, liver and kidney and washed red 


blood cells. Although some estimates of CPK isoen- 


. zyme activity have been made previously in tissues 


obtained at necropsy, a systematic evaluation of CPK 


h isoenzyme profiles in freshly obtained human tissues 


employing a quantitative assay procedure has not 


_ been available. 


A second goal of this study was to determine 


. whether insult to tissues other than the heart pro- 
. duced serum MB CPK changes simulating those seen 
in patients with acute myocardial infarction. Accord- 


ingly, CPK isoenzymes were assayed in serial serum 


. samples from 100 patients with definite myocardial 
. infarction, 100 patients undergoing thoracic, abdomi- 


nal, orthopedic or genitourinary surgical procedures, 


- 


. 90 patients undergoing cardiac catheterization and 


50 hospitalized control subjects. Results of analyses 


. of human tissue extracts obtained at operation and of 
serial serum samples in these patients indicate that 
. myocardium is the only human tissue containing suf- 
~- ficient MB CPK to account for substantial elevations 
. of MB CPK levels in serum. They confirm previous 
- observations indicating that consistent elevations of 
~- serum MB CPK activity accompany acute myocar- 
. dial infarction?? and they demonstrate that surgical 
. trauma to organs other than the heart does not pro- 
. duce elevated serum MB CPK activity even when 


total CPK activity is markedly increased.? 
Materials and Methods 


. Tissue and Serum Sampling Procedures 


-—. Fresh samples of human skeletal muscle (deltoid, pector- 
. alis major, vastus medialis and rectus abdominis), myocar- 
. dium, stomach, small intestines, colon, brain, lung, liver, 


spleen and kidney were obtained from patients at the time 
of surgery required for therapy or diagnosis. Samples were 


minced, suspended in 25 ml/g of homogenizing medium 


and homogenized in 0.25 molar sucrose; 0.01 molar Tris, 


- pH 7.4; 0.001 molar ethyleneglycoltetraacetic acid (EGTA), 
_ pH 7.4; and 0.001 molar mercaptoethanol. 


Blood samples were collected in 0.005 molar neutralized 


EGTA, centrifuged at 2,000 g for 10 minutes and decanted. 


_ Mercaptoethanol (0.005 molar) was added to avoid loss of 


. ^ 


. CPK activity. | 


. Patients Studied 


Patients with acute myocardial infarction: Blood 


. samples were obtained serially from 100 patients admitted 
_ to the Barnes Hospital Cardiac Care Unit with definite 


transmural myocardial infarction manifested by a typical 


history of chest pain, serial electrocardiographic changes 
_ with development of Q waves and characteristic serial 
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changes in serum transaminase and lactic dehydrogenase 
(LDH). Blood samples were collected every 2 hours 


through a peripheral venous indwelling cannula for a total 
of 48 hours. Samples were assayed immediately for CPK 
isoenzyme activity or fast-frozen, stored at —20° C and as- 
sayed within 4 weeks. Samples stored under these condi- 
tions do not exhibit loss of activity for at least 6 weeks.? 

Hospitalized control subjects: Samples were obtained 
in the same fashion from 50 patients admitted because of 
suspected but unconfirmed acute myocardial infarction 
who served as control subjects. 

Patients undergoing noncardiac surgery: One hun- 
dred patients undergoing surgical procedures (Table I) 
were studied. None exhibited clinical or electrocardio- 
graphic evidence of myocardial infarction during hospitali- 
zation. Blood samples were obtained immediately before 
operation, as soon as possible after operation, and every 6 
hours thereafter for 24 hours. 

Patients undergoing cardiac catheterization: Fifty 
patients were studied after combined right and left heart 
catheterization with selective coronary arteriography and 
ventriculography. The studies were performed in 40 pa- 
tients because of suspected coronary artery disease and in 
10 because of valve disease. Coronary arteriography was 
performed by the Sones technique (36 cases) or the Jud- 
kins technique (14 cases). Before catheterization patients 
were medicated with pentobarbital sodium (Nembutal®), 
100 mg, and diazepam (Valium®), 5 mg, given intramuscu- 
larly. Transitory chest pain occurred in 10 patients during 
catheterization, but no patient studied exhibited clinical or 
electrocardiographic evidence of definite myocardial in- 
farction. Blood samples for CPK determinations were ob- 
tained before and after catheterization and at 2 hour inter- 
vals subsequently for 24 hours. 


Biochemical Determinations 


Total CPK activity was determined spectrophotometri- 
cally’ in serum samples and in 50 ul aliquots of tissue ex- 
tracts diluted with Tris, 0.01 molar, pH 7.4, and bovine 
serum albumin, 2 mg/ml, so that CPK activity was within 
the range of linearity of the assay. Samples were assayed 
with and without creatine phosphate as substrate to ex- 
clude contributions to apparent activity from myokinase 
and other moieties. CPK isoenzymes were assayed quanti- 
tatively with the kinetic fluorometric procedure recently 
described. Results with this procedure are linear with re- 
spect to time and enzyme activity and reproducible within 
+2 percent. As little as 0.002 IU/ml of each isoenzyme can 
be detected under conditions that avoid several difficulties 
associated with quantification of isoenzyme activity by flu- 
orescence scanning of electrophoretic media. As reported 
previously, serum samples from normal subjects assayed 
under these conditions contain less than 0.004 IU/ml of 
MB CPK. 

Results 


CPK Isoenzyme Activity in Tissue Extracts 


Total CPK activity and CPK isoenzyme activity in 
extracts of human skeletal muscle, heart, brain, 
stomach, small intestines, colon, liver, spleen, lung, 
kidney and red blood cells are shown in Figure 1. As 
can be seen, CPK activity (expressed as IU/g wet 
weight of tissue) is greatest in skeletal muscle, ex- 
ceeding activity in myocardium by more than 300 
percent. Substantial amounts of CPK activity occur 
only in skeletal muscle, heart, brain and gastrointes- 
tinal tract. CPK activity in lung and kidney is less 
than 3 percent of that in myocardium. 
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TABLE | 


Noncardiac Surgical Procedures in Patients Studied 


i  ———— ———— 


Procedure Patients (no.) 





Thoracic 
Pneumonectomy 
Exploratory thoracotomy 
Hiatus hernia repair 

Abdominal 
Gastrectomy 
Splenectomy 
Intestinal bypass 
Colectomy 

Genitourinary 
Prostatectomy 
Hysterectomy 

Orthopedic 
Total hip replacement 
Meniscectomy 
Tendon repair 

Total 


N 


=> N 
A OM NOuo noo 


— 
e 
OW Co 





Of the tissues surveyed, only myocardium contains 
significant amounts of MB CPK. Under the assay 
conditions used, only the MM isoenzyme was detect- 
able in extracts of skeletal muscle. 


Serum CPK Isoenzymes 


Control hospitalized subjects: As previously re- 
ported with a smaller group of patients,» CPK activi- 
ty in serum samples from hospitalized patients with 
suspected but unconfirmed acute myocardial infarc- 
tion averaged 0.038 + 0.011 (standard deviation) and 
MB CPK activity averaged 0.002 + 0.001 IU/ml 
(Table II). No hospitalized control subject exhibited 
MB CPK activity exceeding 0.005 IU/ml. 

Patients with myocardial infarction: All 100 pa- 
tients with definite myocardial infarction exhibited 
elevated serum levels of total CPK activity. Peak ac- 
tivity averaged 0.852 + 0.120 IU/ml (Table II). The 
mean interval between the initial elevation of serum 
CPK activity and the time of occurrence of peak ac- 
tivity was 15.2 + 3 hours (range 10 to 18 hours). The 
interval from the time of onset of chest pain to the 
time when CPK activity first exceeded the normal 
range was 4 + 2 hours. Elevated MB CPK activity 
was observed in all patients with acute myocardial 
infarction. Peak MB CPK activity averaged 0.089 + 
0.032 IU/ml (range 0.025 to 0.215). MB CPK activity 
was generally detectable by fluorescence scanning 
within 4 hours after the onset of chest pain, when 
total CPK activity had increased by 50 to 100 percent 
above control values. Modestly increased MB CPK 
activity was detected slightly earlier with the quanti- 
tative technique, often within 3 hours after the onset 
of chest pain. Peak MB and peak total CPK activity 
occurred at about the same time. 

Patients undergoing noncardiac surgery: All 
patients in this group exhibited elevated serum levels 
of total CPK activity (Table II). However, MB CPK 
elevations were not detected in any of the serial sam- 
ples from these patients. Only MM CPK was detecta- 
ble by electrophoresis and, with the quantitative 
assay technique, only minimal increases in serum MB 
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TABLE II 
Serum CPK and MB CPK Activity in Patients 


T a ee TT 


Mean Peak Total 


ae 
TARR 


Mean Peak MB- E 


Patients CPK Activity CPK Activity 
Category (no.) (IU/ml) (1U/ml) 
NES RSET PGES E SP SZ gt ORE see reer ee eae at Te PAS RAE = io 
Hospitalized 50 0.038 + 0.011 0.002 + 0.001 
controls 
Acute myocardial 100 0.852 + 0.120 0.089 + 0.032 
infarction 
Post-cardiac 50 0.260 + 0.033 0.004 + 0.001 
catheterization 
Post-surgery 100 0.850 + 0.260 0.003 + 0.001 .. 
Thoracic 30 1.260 + 0.320 0.004 + 0.001 
Abdominal 38 0.760 + 0.106 0.003 + 0.001 
Genitourinary 22 0.842 + 0.220 0.002 + 0.001 
Orthopedic 10 0.540 + 0.180 0.003 + 0.001 — 





Results are expressed as means + standard deviation. 
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FIGURE 1. Total creatine phosphokinase (CPK) and CPK isoenzyme _ 
activity in extracts from human tissues obtained at operation. Re- 
sults in each case represent averages based on analyses of tissue _ 
from at least four patients. Isoenzymes were analyzed in 10 ul ali- — 
quots of tissue extracts containing 0.5 IU/ml, under conditions in — 
which 0.002 IU/ml was readily detectable. G.I. = gastrointestinal; - 


RBC = red blood cells. 


+ m 


CPK activity could be demonstrated (peak 0.005 . 
IU/ml or less). Peak total CPK activity in samples - 


from these patients generally occurred approximately - 


12 hours after operation, averaging, 0.850 + 0.260 IU/ | 
ml. Thus, despite markedly elevated serum levels of — 
total CPK activity, serum MB CPK activity did not — 


increase after noncardiac surgery. 


Patients undergoing cardiac catheterization: 
Forty-two of the 50 patients undergoing diagnostic - 


cardiac catheterization exhibited elevated serum — 
CPK activity (Table II). Peak CPK activity in this - 
group averaged 0.260 + 0.033 IU/ml and occurred 12 — 
to 24 hours after cardiac catheterization. No patient - 
in this group exhibited elevated MB CPK activity | 


when samples were analyzed by electrophoresis. The 
maximal level of MB CPK activity detected was — 


0.004 IU/ml or less. 
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o ETE Discussion 
^ Ht is well recognized that serum levels of total cre- 
. atine phosphokinase (CPK) activity may increase 
~ after cardiac catheterization,!? noncardiac surgery,!! 
. intramuscular injections,!2 pulmonary emboli,!? in- 
_ flammatory disease of muscle, muscular dystrophy, 
_ diabetic ketoacidosis, psychosis, seizure disorders 
uS and several other conditions.4 Nevertheless, elevated 
_ Serum CPK activity appears to be the most sensitive 
|. conventional enzyme criterion of acute myocardial 
- infarction? Three CPK isoenzymes, MM, MB and 
— BB, have been detected consistently in tissue ex- 
-. tracts.!^!^ With techniques utilizing electrophoresis 
_ coupled with fluorescence scanning, elevation of 
_ serum MB CPK activity has been shown to be a use- 
-. ful index of acute myocardial infarction.^!9 In this 
— study, we sought to evaluate the specificity of this 
[s index (1) by applying quantitative techniques only 
_ recently available to examine CPK isoenzyme pat- 
«terns in extracts of fresh human tissues, and (2) by 
-. analyzing serum CPK isoenzyme patterns in serial 
— samples from patients with acute myocardial infarc- 
tion and patients undergoing noncardiac surgery or 
. cardiac catheterization. CPK isoenzyme activity was 
. assessed under conditions designed to avoid quanti- 
- tative limitations inherent in assay techniques based 
` on scanning electrophoretic media.!7 Our results in- 
.. dicate that only myocardial tissue contains apprecia- 
. ble amounts of MB CPK activity. Although serum 
_ MB CPK activity increases consistently after acute 
_ myocardial infarction, it does not increase after sur- 
` gery or cardiac catheterization even when there are 
. marked serum elevations of total CPK activity. 

RM MM vs. MB CPK activity in skeletal muscle: 
_ Quantitative assessment of CPK isoenzyme activity 
_ in tissue extracts and in serum has been difficult. Re- 
- sults of several studies utilizing electrophoresis on 
__agar,'*-!8 agarose,?9 cellulose acetate"? or polyacryl- 
-~ amide gel!? indicate that skeletal muscle contains 
. only the MM CPK isoenzyme. Analysis of CPK iso- 
- enzymes in skeletal muscle extracts by column chro- 
-~ matography supports this conclusion.? Small 
. amounts of MB CPK activity have been observed in 
. extracts of skeletal muscle in some previous stud- 
- ies,^?? However, freezing and thawing of samples 
. may lead to conformational changes in the MM CPK 
. molecule, altering its electrophoretic mobility and 
_ perhaps accounting for apparent MB activity.!^ 

_ The MB and BB CPK isoenzymes may be more la- 
_ bile than MM CPK.?! Hence, failure to observe iso- 
. enzymes of CPK other than MM in extracts of 
- human skeletal muscle obtained at necropsy conceiv- 
- ably could result from autolysis with loss of MB and 
- BB activity. Accordingly, all tissues analyzed in this 
- study were obtained fresh at the time of operation. 
. Under the conditions employed, no MB was detected 
— in extracts of skeletal muscle. 

— . The lack of availability of quantitative procedures 
— for assay of individual CPK isoenzymes until recently 
. made it difficult to avoid overloading electrophoretic 
media with one isoenzyme when detection of trace 
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amounts of another was the goal. Overloading may 
produce apparent activity in the MB region despite 
the absence of MB CPK in the sample. In fact, trace 
amounts of MB CPK in extracts of skeletal muscle 
have been reported only when samples containing 
large amounts of CPK activity were analyzed.!^ In 
our study extracts of skeletal muscle obtained at op- 
eration contained no MB CPK. Even when media 
were overloaded with samples containing 12 IU/ml of 
total CPK, no apparent MB was detected. Thus, it is 
unlikely that substantial elevations of serum MB 
CPK activity could result from injury to skeletal 
muscle. 

MB CPK activity after skeletal muscle injury: 
It is possible that specific skeletal muscles contain 
MB CPK. If this were the case, one would anticipate 
accumulation of MB CPK in serum after intramuscu- 
lar injections or surgical trauma to the muscles. To 
evaluate this possibility, we analyzed serum CPK iso- 
enzymes in patients undergoing surgery involving 
cervical, thoracic, abdominal, thigh and leg muscula- 
ture. Despite markedly elevated total CPK activity in 
serum samples from many of these patients, eleva- 
tion of MB CPK activity was never observed. These 
results, coupled with our previous observations in pa- 
tients given intramuscular injections,’ indicate that 
serum MB CPK activity is not elevated after injury 
to skeletal muscle sufficient to increase serum levels 
of total CPK activity markedly. 

Serum levels of total CPK activity were consistent- 
ly elevated but unaccompanied by increased MB 
CPK in serial samples from 50 patients undergoing 
cardiac catheterization. Increased activity of serum 
enzymes after cardiac catheterization!0?? appears to 
reflect injury to skeletal muscle and subcutaneous 
tissues rather than to the heart. The absence of ele- 
vated MB CPK activity supports this conclusion. 
The detection of increased serum MB CPK activity 
should permit recognition of concurrent myocardial 
infarction in patients undergoing cardiac catheteriza- 
tion and should facilitate differentiation of serum 
CPK elevations associated with the procedure itself 
from those indicative of myocardial ischemic injury. 

CPK isoenzymes after other tissue injury: Two 
organs exhibiting appreciable CPK activity besides 
the heart and skeletal muscle are the intestines and 
brain.?? Analysis of CPK isoenzymes in these tissues 
indicated no detectable MB CPK (Fig. 1). MB CPK 
activity in serial serum samples from patients under- 
going surgery of the gastrointestinal tract did not in- 
crease even when total CPK activity increased mark- 
edly. Serum CPK elevations associated with injury to 
the brain appear to reflect elevation of MM CPK ac- 
tivity, perhaps because of rapid disappearance of the 
BB isoenzyme from blood,? or because of release of 
.MM CPK from skeletal muscle in response to insults 
to the central nervous system. Elevation of serum 
MB CPK activity has not been observed under these 
conditions. | 

Lung, kidney, liver and spleen extracts do not con- 
tain a great deal of CPK activity. The isoenzyme pat- 
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tern in these tissues includes no detectable MB CPK. 
Thus, it is not surprising that surgery involving these 
tissues is not associated with elevated serum MB 
CPK activity. Other investigators have reported in- 
creased serum MB activity in samples from most pa- 
tients undergoing coronary revascularization—pre- 
sumably indicative of myocardial injury associated 
with the procedure in patients with compromised 
coronary circulation.?? 

Results of this study indicate that the only human 
tissue containing substantial MB CPK activity is 
myocardium. The distinctive CPK isoenzyme pattern 
in myocardium contrasts with that of other enzymes 
such as LDH. For example, LDHi, an isoenzyme as- 
sociated with myocardial injury, is predominant in 
red blood cells, kidney and stomach as well as in 
myocardium.* Thus, elevated serum LDH, activity is 
a nonspecific criterion of myocardial injury. 


SERUM MB CPK IN MYOCARDIAL INFARCTION—ROBERIS El! AL. 3 


Clinical implications: Elevated serum MB CPK 
activity is recognized as a useful index of acute myo- 
cardial infarction. Results of this study, coupled with 
previous observations, indicate that increased serum 
MB CPK activity is a remarkably specific reflection 
of myocardial injury as well. The only human tissue 
containing substantial amounts of MB CPK is myo- 
cardium. Surgical insults to organs other than the 
heart, even those containing large amounts of CPK, 
are not associated with increased serum MB CPK ac- 
tivity despite marked elevations of total CPK. Thus, 
elevated serum MB CPK activity appears to be a 
highly specific criterion of myocardial injury. 
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Left ventricular performance was studied in three patients with heart 
failure due to amyloid deposits. The diagnosis of amyloidosis was 
proved by cardiac biopsy in two patients and by rectal biopsy in the 
third. One patient had myelomatosis, but the other two had no other 
identifiable disease. The investigative technique allowed simultaneous 
measurements of pressure and volume in the left ventricle. The func- 
tional defect with slow cardiac filling at high pressure and greatly re- 
duced left ventricular contraction differed from that of constrictive per- 
icarditis and other heart muscle disease. These features of a "stiff 
heart" are probably unique to amyloidosis and should make possible 
positive recognition of the condition on the basis of echocardiographic, 
angiographic and hemodynamic findings. 


Amyloid heart disease gives rise to a wide spectrum of disorders rang- 
ing from cardiac amyloidosis, in which the heart is severely affected 
but other systems relatively spared, to so-called senile cardiac amy- 
loidosis in which clinical features are usually absent but amyloid de- 
posits are found at postmortem study. In other cases, the heart is in- 
volved in a multisystemic disorder. 

Pathologically, the heart is involved in the majority of patients 
with systemic amyloidosis. Brandt et al.! found amyloid in the heart 
of 90 percent of “primary” and myeloma-associated cases of amyloi- 
dosis and in 54 percent of cases of amyloidosis secondary to condi- 
tions such as rheumatoid arthritis, tuberculosis, osteomyelitis, bron- 
chiectasis and lymphoma. However, it is unusual for the cardiac dis- 
order to be the presenting feature in such cases although, at a later 
stage in the illness, clinical, radiologic or electrocardiographic evi- 
dence of cardiac involvement commonly develops. 

'The rarity of symptomatic cardiac amyloidosis is evident from the 
small number of cases studied at this hospital: Only 7 patients with 
clinically important cardiac amyloidosis were seen during a 15 year 
period in which more than 230 patients with hypertrophic cardiomy- 
opathy and 150 patients with dilated cardiomyopathy were studied. 
Nevertheless, cardiac amyloidosis was the single most common cause 
of specific heart muscle disease. Only four patients with cardiac sar- 
coidosis, one patient with cardiac hemochromatosis, six patients with 
a serious cardiac disturbance associated with assorted neuromuscular 
disorders and six patients with various types of collagenosis were seen 
during this period. 

The three patients studied presented within a 4 month period. 
They are described here because we could find no published studies 
of the functional abnormality caused by amyloid in the heart al- 
though clinical descriptions abound. Left ventricular pressure-vol- 
ume relations in the three patients were studied by a new technique. 
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tients 1 and 2 had large pericardial effusions. 


Case Reports 


Case 1 

A 44 year old man from Yugoslavia was admitted in No- 
vember 1973. For 3 years he had had progressive exertional 
dyspnea and ankle edema with severe fatigue and weight 
loss. In Yugoslavia a fluctuating heart size had been noted 
on chest roentgenograms, and he had been studied there. 
Results of a rectal biopsy were reported to be normal. 

Examination on admission revealed a chronically ill 
man with extremely low cardiac output. The arterial pulse 
was of strikingly small volume, and the blood pressure only 
80/65 mm Hg. The heart rhythm was regular, and there 
was no pulsus paradoxus or alternans. The jugular venous 
pressure was 10 cm above the sternal angle with a domi- 
nant y descent. The cardiac impulse was impalpable. The 
heart sounds were faint with a widely split second heart 
sound but no third heart sound or murmurs. The lungs 
were clear. The liver was enlarged 4 cm below the right cos- 
tal margin and nonpulsatile; there was no ascites or periph- 
eral edema. 

A chest X-ray film (Fig. 1A) showed an enlarged cardiac 
silhouette and slight pulmonary venous congestion. The 
electrocardiogram showed low voltage QRS complexes and 
a pattern of trifascicular block. The echocardiogram re- 
vealed a pericardial effusion and normal-sized left ventri- 
cle. A right atrial angiogram disclosed a large pericardial 
effusion. The diastolic pressure in the left ventricle was 
greatly increased but, although contraction was poor, the 
cavity was not dilated (Fig. 2, A and D). The right ventricu- 


TABLE | 


Pressure and Volume Findings in Three Cases 





FIGURE 1. Chest X-ray films of Patients 1(A), 2(B) and 3(C). All show enlargement of the cardiac shadow and pulmonary venous cong 
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lar diastolic pressure was also increased but less so, and the 
left atrial pressure greatly exceeded the right atrial pres- 
sure (Table I). Results of routine hematologic and bio- 
chemical investigations were normal. 

An exploratory thoracotomy was performed to drain the 
pericardial effusion and to obtain a biopsy specimen. At 
operation, a large, lax pericardial effusion was found; the 
heart was only slightly enlarged, and the left ventricle felt 
abnormally firm. There was no reduction in the right or left 
atrial pressure after drainage of the pericardial effusion. A 
right atrial biopsy specimen was obtained and histologic 
studies revealed widespread replacement of the myocar- 
dium with amyloid and, in some areas, arteriolar deposi- 
tion. 

Postoperatively the patient manifested no improvement 
and he died 7 days later. Permission for postmortem exam- 
ination was refused. 


Case 2 


A 53 year old man, previously well, presented with a 1 
year history of progressive shortness of breath on exertion 
and more recent bilateral ankle edema. During the first 
half of 1973, several episodes of painless hematuria had 
been investigated at another hospital, but results of intra- 
venous pyelograms and cystoscopy had been normal and 
the episodes had not recurred. Treatment for heart failure 
with digoxin and diuretic agents had brought about little 
improvement and he was transferred to Hammersmith 
Hospital for further investigation in January 1974. 

Examination revealed a sick-looking man. Scattered pe- 





Pressures (mm Hg) 


LV Volume (ml) 


S/Early D/ED ES ED ED/m? EF (96) CI 





Case no. RA PA PCW RV (S/D) 
1 17 33 30 46/18 80/18/35 74 130 87 43 1.4 
2 42 35 25 45/17 95/14/27 66 119 63 44 112 
3 18 38 25 60/8 105/20/36 112 189 118 40 1.8 
Normal 2 10 25 t 70 70 2.5 
values +7 +2 +10 +25 +4 





Cl = cardiac index (liters/min per m?); D = diastolic; ED = end-diastolic; EF = ejection fraction; ES = end-systolic; LV = left ventricular; PA = 
mean pulmonary arterial; PCW = mean pulmonary capillary wedge; RA = mean right atrial; RV = right ventricular; S = systolic. 


2 9 A B EAR AAU "28 — — AA san 


^A VENTRNUULAN FUNG TUN IN AMYLUIV MEAN! VISECASE—UCUREWV ETI AL. 


techiae were observed over the base of the neck and fore- 
arms. The arterial pulse was regular, 96/min, and of small 
volume, with a blood pressure of 100/70 mm Hg. The jugu- 
lar venous pressure was elevated 6 cm above the sternal 
angle. The cardiac impulse was difficult to locate. The 
. heart sounds were faint with an intermittent third heart 
sound at the left sternal edge. A right pleural effusion was 
present. The liver was enlarged 4 cm below the right costal 
margin, tender but not pulsatile. No ascites was detected, 
but there was sacral and ankle edema. 

A chest X-ray film (Fig. 1B) revealed an enlarged cardiac 
shadow with a large right pleural effusion. The electrocar- 
diogram on admission disclosed complete atrioventricular 
(A-V) dissociation which reverted the next day to first de- 
gree A-V block after discontinuation of digoxin. The QRS 
voltage was low with small R waves in leads V, to V4. Echo- 
cardiograms (Fig. 3) disclosed a normal-sized left ventricu- 
lar diastolic dimension, reduced wall movement and a peri- 
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FIGURE 2. Left ventricular angio- 
grams (full description in text) from 
Patients 1(A and D), 2(B and E) and 
3(C and F). A, B and C, end-systole, 
showing normal shape but increased 
papillary muscle indentations and 
poor contraction. D, E and F, end- 
diastole, showing normal shape and 
shaggy outline. 


cardial effusion. Cineangiographic studies confirmed that 
the left ventricle was not dilated but contracted poorly 
(Fig. 2, B and E). There was a sizable pericardial effusion 
lateral to the right atrial wall. As in Patient 1, the left-sided 
filling pressures were greatly elevated and exceeded those 
on the right side of the heart (Table I). 

Laboratory values were: hemoglobin 16 g/100 ml, white 
blood cell count 10,100 mm?, erythrocyte sedimentation 
rate 2 mm in 1 hour, and platelet count 138,000/mm?. The 
only abnormal biochemical values were for bilirubin, 2.2 
mg/100 ml, and alkaline phosphatase, 292 U/liter (normal 
30 to 130 U/liter). Transaminase values were normal as 
were those for serum proteins and imraunoglobulins; there 
was no Bence-Jones protein in the urine. 

A rectal biopsy revealed amyloid deposition in the sub- 
mucosa, small vessels of the lamina propria and in smooth 
muscle. Cardiac biopsy was not considered necessary, and 
cardiac amyloidosis was diagnosed on the basis of the he- 


Valima 2&8 





modynamic abnormality and the finding of amyloid on rec- 
tal biopsy. It was thought that the hematuria may have 
been due to amyloid deposition in the bladder mucosa. The 
patient had some symptomatic improvement after discon- 
tinuation of digoxin therapy, but the severe heart failure 
continued and he died at home. Autopsy was not per- 
formed. 


Case 3 


A 55 year old woman had IgA myelomatosis which had 
been diagnosed in 1968 and was well controlled with cyclo- 
phosphamide and corticosteroids. She was referred to 
Hammersmith Hospital in February 1974 because of an 8 
month history of progressive dyspnea on exertion, orthop- 
nea and ankle edema. 

Examination revealed a fit-looking patient with no skin 
or mucosal abnormalities. The arterial pulse was 70/min 
and regular, with good volume. The blood pressure was 
100/60 mm Hg. The jugular venous pressure was 10 cm 
above the sternal angle. The apex beat was diffuse and a 
faint third heart sound was heard. There was bilateral 
pleural effusion but no peripheral edema. The liver was en- 
larged 2 cm below the costal margin and was firm and ten- 
der with no ascites. 

A chest X-ray film (Fig. 1C) revealed an enlarged cardiac 
shadow and severe heart failure. The electrocardiogram 
disclosed low voltage QRS complexes, first degree A-V 
block, small R waves in leads V; to V3 and T wave inver- 
sion in leads V5 and Vg. The echocardiogram revealed a 
normal left ventricular diastolic dimension and poor wall 
movement with increased systolic dimension. There was no 
pericardial effusion. 

Results of hematologic investigations were normal, and 
the erythrocyte sedimentation rate was 16 mm in 1 hour, 
The total protein was 5.7 g/100 ml and albumin 410 g/100 
ml; and there was a small M band in the A position of the 
protein strip. There was a large amount of Bence-Jones 
protein in the urine. 

Endomyocardial biopsy was performed during cardiac 
catheterization, and histologic studies revealed extensive 
amyloid deposition in the interstitial tissue. The hemody- 
namic and left ventricular angiographic findings were simi- 
lar to those in the other two patients (Table I, Fig. 2, C and 
F). 


Hemodynamic and Angiographic Studies 
Methods 


The patients were premedicated with diazepam, 10 mg 
intramuscularly. Under local anesthesia, right heart cathe- 
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terization was carried out from the right antecubital vein 
and left heart catheterization by the percutaneous femoral 
Seldinger approach. A modification of the method de- 
scribed by Brooksby et al.? was used. A 90 cm length of thin — 
wall medical Teflon? tubing (Beckton and Dickinson, cata- - 
log no. 6412) flanged at one end was fitted over a no. 7F left . 
ventriculographic catheter (Torcon, Cook). After passage of 
the guide wire and use of a no. 7F dilator, the catheter and 
sheath, which had been trimmed back so that its end lay 
proximal to the side holes of the catheter, were passed over 
the wire and into the femoral artery. The catheter and 
sheath were then advanced into the left ventricle. By gentle 
manipulation the catheter was then removed leaving the 
end of the sheath within the left ventricle. A no. 5F cathe- 
ter-tip manometer (Millar Mikrotip) was then introduced 
through the sheath by way of a Y connector with “sealed” 

sidearm and pushed beyond the tip of the sheath into the - 
left ventricle. Pressure recorded by catheter-tip manometer - 
was calibrated to zero with fluid pressure recorded along 
the sheath. After pressure recordings, left ventricular 
cineangiocardiography was carried out in the right anterior 
oblique projection at a fixed tube height. Urografin 76, 50 
ml, was injected at 10 ml/sec by a Contrac pump. Each 
pulsed cine exposure was recorded simultaneously with the . 
left ventricular end-diastolic pressure recorded through a. 
radiosensitive photoelectric cell in the X-ray beam. Link- . 
up between cine filming and pressure recording was ob- - 
tained using a battery-driven solenoid that recorded its 
own movement on the pressure tracing.? 

Left ventricular volumes were calculated after the meth- 
od of Kasser and Kennedy,* using electronic planimetry 
and calculation. Plots of the instantaneous pressure vol- 
ume relation through diastole were then constructed.® 


Findings 


Left ventricular cineangiography: The left ventricu- 
lar angiographic appearances were characteristic and so 
similar in the three patients that a single description will 
suffice. In systole, ventricular contraction was greatly im- - 
paired with only slight visible reduction in volume. The 
normal chamber shape was retained and trabeculation was - 
marked with prominent papillary muscles visible (Fig. 2, A, 
B and C). In diastole, the chamber size and shape were nor- 
mal (Fig. 2, D, E and F). In two patients (Cases 1 and 2) 
coarsened trabeculation was also visible. 

The left ventricular volumes were normal at end-diastole 
but above normal values at end-systole and the ejection | 
fractions were low, 40 to 43 percent. 

Hemodynamic data (Table I): All three patients had a 
very low cardiac output (index 1.2 to 1.8 liters/min per m?). 
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. FIGURE 4. Case 1. Pressure-volume relation in diastole compared 

. . With findings in a control subject with chest pain but normal coronary 
| arteries. | 


— Right atrial and indirect left atrial pressures were both in- 

— creased, but the left atrial pressure exceeded the right atri- 
_ al pressure in each case and, similarly, the left ventricular 
-. end-diastolic pressures were greatly increased and exceed- 


— ed the right ventricular end-diastolic pressures by at least 


10 mm Hg in all three patients. The left ventricular pres- 
sure showed no diastolic “dip and plateau” but was high in 
early diastole and increased steadily toward end-diastole. A 
small atrial kick was visible in each case. 

The abnormal diastolic pressure-volume relation of these 
_ stiff ventricles is illustrated in Figure 4. For each volume 
- the pressure is greater than in the normal subject, and for 


- each volume change the pressure change is greater than in 


i - the normal subject. 


Discussion 


_ The three cases illustrate the clinical, electrocar- 
_. diographic, echocardiographic and hemodynamic fea- 
_ tures of functionally significant amyloid heart dis- 
. ease. The clinical features are well known, have been 
. reviewed recently’? and were exemplified in our pa- 

tients. The echocardiographic, angiographic and he- 
. modynamic findings have not been previously re- 


.. ported. 


Refractory congestive cardiac failure is known to 
be the most common mode of presentation and domi- 
-. nated the clinical findings in our patients. Increased 
- sensitivity to digitalis is a recognized!? sign and oc- 
- curred in Case 2. Pericardial effusion was seen in two 
.. of our patients and, although unstressed in published 
. reports, the association with amyloid heart disease 
. has been described previously!! and was noted in iso- 
.. lated postmortem studies.!?:1? This finding is not sur- 
. prising since amyloid may be deposited in both epi- 
- cardium and pericardium.!4 In some cases the in- 
creased venous pressure may play a part in its patho- 
- genesis. The heart may be of normal size or enlarged 

. on X-ray film. It is possible that pericardial effusion 
. was present in some reported cases of amyloid heart 
- disease with cardiomegaly, but in its absence some of 
the cardiac enlargement may be explained by atrial 
. dilatation, as in our Case 3. The atria are at high 
pressure and, being thin-walled, are more likely than 
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the left ventricle to dilate even when infiltrated with 
amyloid. 

The conduction system of the heart may be af- 
fected by amyloid deposits,!© and the electrocardio- 
graphic abnormalities may suggest the diagnosis. 16-18 
Low voltage QRS complexes, seen in all our cases, 
was the most common abnormal finding in most re- 
ported series.!??? Other abnormalities include atrio- 
ventricular and intraventricular conduction defects, 
as seen in our cases; small R waves in leads V, to V4, 
simulating an anterior myocardial infarct; axis devia- 
tion; atrial fibrillation; atrial tachycardia with block; 
and premature ventricular contractions. 

The echocardiographic abnormalities were char- 
acteristic (Fig. 3). They reflected the functional im- 
pairment and may provide a valuable clue to the 
underlying condition. Ultrasonic demonstration of a 
normal left ventricular dimension in diastole, dimin- 
ished amplitude of excursion and increased systolic 
dimension are strongly suggestive of amyloid. Peri- 
cardial effusion may be revealed by ultrasound when 
the heart has erroneously been thought to be en- 
larged. Other myocardial disorders produce dissimi- 
lar echocardiographic abnormalities. In ischemic 
heart disease poor contraction is usually focal but, 
when more generalized, it leads to cavity dilatation as 
in congestive cardiomyopathy. 

The cineangiographic appearance of the left ven- 
tricle was characteristic and should enable amyloid 
of the heart to be recognized. The trabeculae of the 
left ventricle were greatly coarsened. Papillary mus- 
cle impressions were marked, but there was no cavity 
distortion. Systolic emptying was reduced. The poor 
contractile function was reflected in the severely re- 
duced ejection fraction which, in light of a normal 
end-diastolic volume, explains the very small pulse 
pressure and low cardiac output (Fig. 2). 

Reduced left ventricular distensibility was dem- 
onstrated by the simultaneous measurements of vol- 
ume and pressure in diastole (Fig. 4). Both early and 
end-diastolic pressures were elevated and the left 
ventricle was noncompliant; the ratio between 
change in pressure and change in volume (Ap/Av) 
was greater than normal. This led to slow filling, 
which continued throughout diastole. A slow rate of 
ventricular filling is incompatible with a left ventric- 
ular source of a third heart sound. In our cases, the 
third heart sound was inconstant and heard best at 
the left sternal edge. When present in amyloid heart 
disease, the third heart sound probably arises from 
the right ventricle. The name "stiff heart" syndrome, 
based on the postmortem appearance, seems amply 
vindicated.!? 

Differentiation from constrictive pericarditis: 
The previously reported clinical resemblance of amy- 
loid heart disease and constrictive pericarditis?.2? 
was based on the typically increased venous pressure, 
unimpressive cardiac impulses and a moderate en- 
largement of the heart, often less than expected from 
the severity of the heart failure.? A hemodynamic 
similarity between the two conditions has also been 
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reported in studies??? in which only right heart 
catheterization was performed. 

The two conditions may indeed be contrasted. In 
constrictive pericarditis, there is nearly normal sys- 
tolic emptying with a normal end-systolic volume 
and better maintenance of stroke output. Rapid fill- 
ing early in diastole gives rise to an early third heart 
sound and there is little or no further filling late in 
diastole. A low early left ventricular diastolic pres- 
sure rises early to a plateau with a high mid- and 
end-diastolic pressure, and there is no atrial kick. 
The rapid ventricular filling gives the patient with 
constriction the ability to raise minute output by 
tachycardia. The right and left ventricular diastolic 
pressures are almost always similar in constrictive 
pericarditis,?? another feature not found in our cases 
of amyloid heart disease. 

Differentiation from other forms of cardiomy- 
opathy: Functional distinction can be made between 
amyloid heart disease and other secondary heart 
muscle disorders as well as the primary heart muscle 
disorders (cardiomyopathies).?? All known causes of 
heart muscle disorder result in impairment of the 
heart's contractile force. Myocardial fiber shortening 
is reduced, the residual volume increases and, except 
in cardiac amyloidosis, the cavities dilate. Systolic 
pump failure is probably the end result of many 
causes. When a cause cannot be established we desig- 
nate it “dilated” (or congestive) cardiomyopathy. Al- 
cohol, past hypertension or viral myocarditis may be 
invoked, but the end results are the same. The ven- 
tricular and atrial cavities progressively dilate but 
cardiac output is more or less maintained by the au- 
tomatic compensation that dilatation provides as 
contraction fails. High filling pressures are readily re- 
duced by diuretic agents without loss of stroke vol- 
ume. Ventricular filling is fast with a low Ap/Av ratio 
over an abnormally great range of volume and, clini- 
cally, third heart sounds are characteristic. 

In hypertrophic cardiomyopathy (idiopathic hy- 
pertrophic subaortic stenosis) there may be obstruc- 
tion to left ventricular outflow when the abnormal 
muscle is confined mainly to the septum but empty- 
ing is achieved and the ejection fraction is high. 
When the free wall is also extensively involved, the 
main functional disorder is a diastolic abnormality 
that provides the main cause of death in this condi- 
tion. Myocardial compliance is reduced, with an in- 
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creased Ap/Av ratio, but the functional disorder dif- _ 
fers from that caused by amyloid in the preservation 
of ejectile ability (except in some preterminal cases), 
the systolic deformity of the left ventricle and in the 
obstruction to outflow and mitral regurgitation when - 
this is present. 

Restrictive cardiomyopathy is the term given to 
the condition of a small group of patients who also 
have a diastolic disorder.?9?! In this group systolic 
function is normal but diastolic filling is restricted. 
The heart is not enlarged. The third heart sound is 


early and loud. Simultaneous pressure and volume . | 


studies show that early filling of the left ventricle is 


rapid and the pressure is reduced but increases . 


abruptly with cessation of further filling in mid- or - 
later diastole. Unlike the patients with amyloid 
heart, these patients do indeed resemble patients 
with constrictive pericarditis very closely but can be _ 
recognized by the unequal involvement of the two _ 
ventricles in which the disease is seemingly often 
confined to the left side. Biopsy or autopsy reveals - 
endocardial fibrosis. Most of these patients probably - 
have endocardial disease, and the relation to Loef- 
fler's disease of temperate zones and to endomyocar- 
dial fibrosis of the tropics has yet to be clarified. 
Functional distinction from ischemic heart dis- 
ease is also required. When coronary arterial occlu- 
sion has brought about sufficient loss of myocardial 
fibers for the heart to fail clinically, investigation in- 
variably reveals a dilated left ventricle and the focal 
distribution of dyskinesia is nearly always apparent. 
In patients with angina who have not had an infarc-  : 
tion, left ventricular function is normal except during — 
pain. The increase in left ventricular diastolic pres- 
sure that precedes the development of anginal pain 
can be shown on angiography to be associated with 
the temporary development of focal dyskinesia caus- . 
ing an increase in diastolic and systolic volumes anda 
reduction in ejection fraction. 
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In 36 patients without sinus node disease scanning with an atrial ex- 
trastimulus (A2) was performed during sinus rhythm with the sinus 
cycle length measured in milliseconds. Zones of nonreset due to inter- 
ference, reset, interpolation and sinus echoes were defined by noting 
the timing of the first response after A2. Zones were defined in terms of 
their longest and shortest A,-A5 coupling intervals (in milliseconds). A 
zone of nonreset was found in 12 of 12 patients in whom A; was deliv- 
ered late. The mean cycle length in these 12 patients was 779 msec, 
with a mean zone of nonreset of 779 to 585 msec (25 percent of cycle 
length). All 36 patients (100 percent) had a zone of reset. The mean 
cycle length in these 36 patients was 803 msec with a zone of reset 
from 692 to 319 msec (46 percent of cycle length). Seven of 36 pa- 
tients (19 percent) had a zone of interpolation. The mean cycle length 
in these seven patients was 754 msec, with a mean zone of interpola- 
tion of 344 to 279 (9 percent of cycle length). Four of 36 patients (11 
percent) had a zone of sinus echoes. The mean cycle length in these 
four patients was 870 msec, with a mean zone of echoes from 350 to 
313 msec (4 percent of cycle length). Calculated sinoatrial conduction 
time ranged from 40 to 153 msec (mean + standard deviation 92 + 30 
msec). Shortening of the cycle length with atrial pacing increased the 
number of patients with zones of interpolation and echoes. 

In conclusion, zones of nonreset and reset are found in all patients 
with normal sinus nodal function, whereas zones of interpolation and 
echoes are much less common. Sinoatrial conduction time is surpris- 
ingly long in patients without apparent sinus node disease. 


Sinus nodal function can be evaluated in patients with use of the atri- 
al extrastimulus technique. However, available data concerning nor- 
mal sinus nodal responses are limited. Goldreyer and Damato! dem- 
onstrated sinoatrial (S-A) entrance block (interpolation of the atrial 
extrastimulus) in 7 of 13 patients without sinus nodal dysfunction 
and suggested that this phenomenon was common. Narula et al.? re- 
ported similar interpolation of atrial extrastimuli in 7 of 28 patients 
with a normal sinus nodal recovery time and heart rate. Strauss et al.? 
studied five patients with sinus node disease and demonstrated clear- 
cut zones of nonreset due to interference in all patients and zones of - 
sinus reset in four of five patients. In addition, they described an in- 
direct method of calculating S-A conduction time utilizing the atrial 
extrastimulus technique. Childers et al.^ demonstrated zones of sinus 
echoes and interpolation in intact canine hearts with use of the ex- 
trastimulus technique and described a patient with a similar sinus re- 
sponse. Paulay et al? suggested that sinus nodal reentry occurred 
after atrial extrastimuli in 13 of 16 patients and proposed various 
mechanisms for this phenomenon. 

In this study, we delineated sinus nodal responses in 36 patients 
without apparent sinus node disease. Zones of interference, reset, in- 
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terpolation and echoes were quantitated. S-A con- 
duction times were also calculated in all patients. Ad- 
ditional observations are presented concerning the 
effect on the various zones of pacing-induced changes 
in cycle length. 


Materials and Methods 
Material 


The study group consisted of 36 patients who were stud- 
ied during diagnostic hemodynamic or electrophysiologic 
cardiac catheterization. Criteria for patient selection in- 
cluded: (1) normal sinus rhythm with sinus rates between 
60 and 100/min in all recorded resting electrocardiograms; 
(2) no suspicion of sinus node disease, either by history or 
electrocardiogram (specifically, recorded episodes of sinus 
arrest or sinoatrial block); (3) absence of premature atrial 
contractions or other documented atrial dysrhythmia; (4) 
normal atrial effective and functional refractory periods 
during electrophysiologic study$; and (5) normal sinus 
nodal recovery time.’ 

The mean age of the patients was 54 years (range 28 to 
83); there were 29 men and 7 women. Three patients had 
no heart disease and 33 patients had organic heart disease 
(including 22 with intraventricular conduction distur- 
bances). 


Methods 


The patients were studied in the resting, nonsedated and 
postabsorptive state. Informed consent was obtained. No 
patient was taking cardiac drugs at the time of study. Two 
electrode catheters were utilized for intracardiac recordings 
in the right heart chambers. The first (tripolar), passed 
percutaneously through a femoral vein and placed close to 
the tricuspid valve,’ was used to record low right atrial and 
His bundle electrograms. The second (quadripolar) cathe- 
ter was positioned at the junction of the superior vena cava 
and the right atrium. Two of the poles of this catheter were 
utilized for atrial stimulation and the other two poles for 
recording high right atrial electrograms. Simultaneous elec- 
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scissa) in msec. A,-A, is the basic cycle 
length. EA; = expected first sinus response 
after Ao. 


trocardiographic leads I, II, III and V, were also recorded. 
Recordings were obtained on a multichannel oscilloscopic 
recorder (Electronics for Medicine, DR-16) at paper speeds 
of 100 and 200 mm/sec. Stimuli were approximately twice 
diastolic threshold, 2.5 msec in duration and delivered by a 
programmable digital stimulator (M. Bloom, Philadelphia). 
Sinus nodal recovery time was defined as previously de- 
scribed, as were the measurements of atrial effective and 
functional refractory periods.5-* 

The premature atrial stimuli were introduced in diastole 
during spontaneous sinus rhythm and also at one atrial- 
driven cycle length shorter than the sinus cycle length. The 
mean cycle length was 803 msec during sinus rhythm and 
645 msec during atrial driving. Atrial extrastimuli were de- 
livered after every eighth beat (spontaneous or driven) at 
progressively decreasing coupling intervals (in 5 or 10 msec 
increments) until atrial capture was lost. In 12 patients, the 
whole range of sinus cycle length was scanned; in the re- 
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FIGURE 2. Diagrammatic representation of method of calculating si- 
noatrial conduction time. S» is the extrastimulus and A is the first 
spontaneous sinus response after So. 
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FIGURE 3. Case 12. Graphic representation of sinus nodal re- 
sponses and zones. A, during sinus rhythm at a cycle length (CL) of 
750 msec. The zone of interference (Interf.) ranges from 750 to 600 
msec. The zone of reset is between 590 and 320 msec and the 
zone of interpolation (Int.) is from 310 to 290 msec. The interval be- 
tween the group of points during reset and line of reset represents 
the conduction time in and out of the sinus node (2 X sinoatrial con- 
duction time [SACT]). The atrial functional refractory period (AFRP) 
is 290 msec. B, during atrial pacing at a cycle length (CL) of 670 
msec. Sinus nodal recovery time (EA3) at this rate is 900 msec. The 
zone of interference is abolished. The zone of reset is between 650 
and 330 msec. The zone of interpolation ranges from 320 and 280 
msec. There is development of a sinus echo zone from 270 to 230 
msec. The atrial functional refractory period is decreased to 230 
msec. The zones are depicted at the bottom of each panel. 
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maining 24 patients, scanning was begun at prematurity 
equivalent to approximately 80 percent of the sinus cycle. 
The stimuli, electrograms and intervals used were desig- 
nated as follows: 

1. During sinus rhythm: A, was the high right atrial 
electrogram of the spontaneous sinus beat. S» was the ex- 
trastimulus and Ag was the high right atrial electrogram in 
response to S». As was the first spontaneous sinus response 
after S9 (and Ag). The A,-A, interval was the sinus cycle 
length and A-A was the measured atrial coupling interval 
in response to So. This interval was equal to A;-Ss plus 
atrial latency. A;-Aa3 was the interval between the last 
spontaneous sinus response (À;) and the first response 
after Ao. 

2. During atrial driving: Sı and A, were the driving 
stimulus and high right atrial electrogram, respectively, of 
driven beats. Sə was the extrastimulus and A» was the high 
right atrial electrogram in response to S». A3 was the first 
sinus response after Ao. Ay-A> and A;-Às were defined as 
during sinus rhythm. Expected A3 (EA3) was defined as the 
mean of three sinus nodal recovery times at the driven 
cycle length (S,-S,). 


Analysis of Results 
During Sinus Rhythm 


A simplified method of data presentation and analysis 
was used (Fig. 1A). For each patient, A;-À3 responses were 
plotted (ordinate) against A1-A» coupling intervals (abscis- 
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FIGURE 4. Case 29. Demonstration of interference responses. In 
each panel, simultaneous electrocardiographic leads |, Il, Ill, V4, His 


bundle electrogram (HBE) and high right atrial electrogram (HRA) are 
shown. Paper speed is 100 mm/sec and time lines are at 1 second 
intervals in this and subsequent illustrations. The extrastimulus is la- 
beled with an arrow and the His bundle potential as H. A4, A2 and Ag 
are defined in the text. A, sinus rhythm at a cycle length (CL) of 750 
(A-A) msec. A; is elicited at a coupling interval (A;-A2) of 670 
msec. A4 occurs at an Ao-A; interval of 830 msec; thus A,-A5 is 
equal to 2 X A;-A; (670 + 830 = 1500 msec). B, decrease in the 
A4-A» interval to 500 msec results in lengthening of the Az-Ag inter- 
val to 1000 msec. The A,-As; interval remains constant at 1,500 
msec (2 X A4-A4). 


sa). Additional reference lines were derived on the graph as 
follows: 

1. Line of interference: This line was parallel to the ab- 
scissa at an interval (on the ordinate) equal to two times 
the sinus cycle length (A;-A;). A3 responses falling on this 
line were termed sinus interference (nonreset), implying 
that A» collided with the emerging sinus impulse in the 
perisinus tissue and failed to discharge the sinus node. 

2. Line of interpolation: This line was parallel to the ab- 
scissa at an interval (on the ordinate) equal to one sinus 
cycle length (A,-A;). Ag responses falling on this line sug- 
gested that As was totally interpolated (unidirectional 
sinus block). | 

3. Line of reset: 'This line of identity intersected the 
lines of interference and interpolation. It intersected the 
former at an A,-A» interval equal to sinus cycle length (A;- 
A1) and the latter at an A;-A» interval equal to 0. Ag re- 
sponses on this line were reset responses with a calculated 
sinoatrial conduction time of 0 msec (see calculation of si- 
noatrial conduction time described later). 

Zones of response: With use of this method of data pre- 
sentation, four zones of sinus responses could be deter- 
mined. The various zones were defined in accord with pre- 
vious physiologic definitions.'^ In each patient, a zone 
could be described in terms of its longest and shortest 
À1-A» coupling intervals and also in terms of its absolute 
duration. When all patients with a given zone were being 
considered, the zone could be described in terms of mean 
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longest and shortest A-A coupling intervals as well as 
mean absolute duration. 

The four zones were as follows (Fig. 1A): 

1. Zone of interference: Ag responses falling on the line 
of interference defined this zone. This occurred when the 
A;-Ag interval equaled twice the A;-A, interval despite a 
decreasing À,-A» interval. 

2. Zone of reset: Às responses falling between the line of 
interference and the line of reset defined this zone. In this 
zone, the A;-A5 interval decreased linearly as the A;-Ag in- 
terval decreased, and responses were generally parallel and 
slightly above the line of reset. 

3. Zone of interpolation: A3 responses falling on the line 
of interpolation defined the zone of complete interpolation 
(A;-A3 equal to A;-A;). As responses falling between the 
line of interpolation and the line of reset defined a zone of 
incomplete interpolation (A;-A3 more than A-A; and 
À»-Às less than A;-A;). For purposes of analysis, zones of 
complete and incomplete interpolation were grouped to- 
gether. 

4. Zone of sinus echoes: As responses falling below the 
line of interpolation defined this zone. For a diagnosis of 
sinus echo, the P wave configuration of A3 had to approxi- 
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reset (A) and incomplete interpolation (B). A, 
sinus rhythm at a cycle length (CL) of 770 (A,- 
A1) msec. Ao is elicited at an A,-A» interval of 
410 msec. The A-A, interval of 940 msec is 
more than A;-A;, whereas A,-A3 (1,350 msec) 
is less than twice A4-A,. The sinus node is reset 
by As. The sinoatrial conduction time can be 
calculated by noting the difference between 
A2-A3 (940 msec) and A,-A, (770 msec) and di- 
viding by 2. B, a decrease in the A,-A» interval 
to 330 msec resulted in shortening of the A;-A4 
interval to 560 msec (less than A4,-A,) The 
A -A3 interval of 890 msec is more than A;-A,. 


—— This A3 response is incomplete interpolation 


(see text). 


mate that of the normal P wave, and there had to be a high 
to low sequence of atrial depolarization. 

Sinoatrial (S-A) conduction time: S-A conduction 
time, calculated by the method of Strauss et al.? (Fig. 2), 
was obtained by measuring the difference between the 
Ao-Ag interval during reset and the A,-A, interval, and di- 
viding by 2. In each patient S-A conduction times were cal- 
culated for each A;-A» interval producing reset and these 
were averaged to a mean value. S-A conduction time could 
also be roughly calculated from the graph by measuring 
half the distance between the points defining the zone of 
reset and the line of reset (Fig. 1A and 3A). 


During Atrial Driving (Fig. 1B) 


During atrial pacing, A;-A3 responses were again plotted 
against A;-A» coupling intervals, but the line of interpola- 
tion was the expected A4 (EA3). The line of reset was the 
line of identity drawn from the intersection of the line of 
interpolation with the ordinate. This line would intersect a 
theoretical line drawn parallel to the abscissa with an 
A;-As interval equal to EA; plus the paced cycle length 
being studied, at an A;-A» coupling interval equal to the 
Si-S; interval. Zones of reset, interpolation and echoes 


448 October 6. 1975 The American Journal of CARDIOLOGY Valima 2A 


were defined as before. A zone of interference could not be 
defined during atrial driving. 


Results 
During Sinus Rhythm (Table I) 


Sinus interference (Fig. 3 and 4): A zone of in- 
terference was defined in all of the 12 patients in 
whom S» was delivered late in the sinus cycle. The 
mean zone of interference in these 12 patients was 
between 779 and 585 msec (absolute value 194 msec) 
at a mean sinus cycle length of 779 msec (in these 12 
patients). In these patients, the zone of interference 
accounted for the last 25 percent of the total cycle 
length (A1-A). 

Sinus reset (Fig. 3, 5A and 6A): Sinus reset was 
defined in all 36 patients (100 percent). In all pa- 
tients, A3 responses during reset formed a line paral- 
lel to the line of reset, suggesting that sinus automa- 
ticity was constant. The mean zone of sinus reset in 
the 36 patients was between 692 and 319 msec (abso- 
lute value 373 msec) at a mean cycle length of 803 
msec and accounted for 46 percent of the total cycle 
length. The outer limit of the zone was either the 
inner limit of the zone of interference (in 12 patients) 
or the longest A;-A» interval tested (in 24 patients). 
The true outer limit of the zone of reset is presum- 
ably somewhat longer than the cited value of 692 
msec since, in 24 patients, stimulation was begun at 
prematurity equivalent to approximately 80 percent 
of the sinus cycle. Hence, the reset zone is probably 
slightly longer than that given. The inner border of 
the zone of reset was either the atrial functional re- 
fractory period or the outer limit of either the zone of 
interpolation or zone of echoes. 

Sinus interpolation (Fig. 3, 5B and 7): Sinus in- 
terpolation (total or partial) was defined in 7 of 36 
patients (19 percent). In these patients, the develop- 
ment of partial or total interpolation occurred 
abruptly at a critical A,-Ag coupling interval. The 
mean zone of interpolation in these seven patients 
was between 344 and 279 msec (absolute value 65 
msec) at a mean cycle length of 754 msec (in these 
seven patients) and accounted for 9 percent of the 
latter. The outer limit of this zone was the inner limit 
of the reset zone. The inner limit of the zone of inter- 
polation was the atrial functional refractory period. 


TABLE I 
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FIGURE 6. Case 29. Demonstration of sinus reset (A) and sinus 
echo (B). A, sinus rhythm at an A;-A; interval of 750 msec. At an 
A 1- A» interval of 370 msec, the sinus node is reset. B, a decrease in 
the A,-A> interval to 300 msec results in abrupt shortening of the 
A»-Aa interval to 370 msec. An A4-As interval of 670 msec is less 
than A4,-A,. The P wave configuration of Ag is identical to that of the 
sinus P wave, and a high to low sequence of atrial depolarization is 
maintained. 


Sinus echoes (Fig. 3 and 6B): Sinus echo zones 
were defined in 4 of 36 patients (11 percent). In these 
patients, the onset of the echo zone was always 
abrupt at a critical A,-Ag coupling interval. The 
mean zone of sinus echoes in these patients ranged 
from 350 to 313 msec (absolute value 37 msec) at a 
mean cycle length of 870 msec and accounted for 4 
percent of the total cycle length duration (in these 
four patients). The outer limit of this zone was al- 
ways the inner limit of the zone of reset, whereas the 
inner limit was always the atrial functional refractory 
period. Sustained sinus reentrant tachycardia was 
not noted in the four patients with sinus echo zones. 


Zones of Sinus Responses During Sinus Rhythm (CL,) and Atrial Pacing (CL,) (average mean values) 








Interference Reset Interpolation Echo 
CL, CL, CLA CL; Ck; CL; GL: CL 
Patients 
Number 12 E es 36 36 fi 22 4 8 
Percent 100 age 100 100 19 61 11 22 
Mean CL (msec) 779 Ar 803 645 754 648 870 621 
Mean zone (msec) 779—585 692—319 614—354 344—279 392—265 350-313 329—248 
Absolute value (msec) 194 373 260 65 127 37 81 
Percent of CL 25 E: 46 40 9 20 4 13 





CL = cycle length. 
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Calculated sinoatrial conduction time: The S-A 
conduction time was calculated during sinus reset re- 
sponses (Fig. 2). Calculated S-A conduction time in 
. the 36 patients was 92 + 30 msec (mean + standard 
deviation) and ranged from 40 to 153 msec. As men- 
tioned, there was a linear decrease of the A,-A3 inter- 
val with progressive shortening of the A,-A» interval 

during reset, and all these responses fell in a straight 
- line parallel to the line of reset (line of zero S-A con- 
duction time), suggesting that sinus automaticity was 
not changing during reset. 


^ During Atrial Driving 


| Shortening of the cycle length by atrial pacing re- 
.— sulted in the following changes (Table I, Fig. 3B): 

à Sinus reset: This was present in all the patients as 
the initial response during atrial driving. The mean 
— Zone of reset was 614 to 354 msec at a mean cycle 
— length of 645 msec (absolute value 260 msec) and ac- 
. counted for 40 percent of the total cycle scanned 
— (S,-Sj). The outer limit of this zone was the longest 


__ A1-Azs interval tested. (In some patients, the longest 


=- Å-A interval tested was slightly shorter than the 
- Å-A; interval.) The inner limit of this zone was ei- 
_ ther the atrial functional refractory period or the 
outer limit of the zone of interpolation or zone of 
~ echoes. The absolute zone of the reset decreased with 
. atrial pacing because of shortening of the A-A; in- 
terval (decreasing the outer limit) and also because of 
encroachment of interpolation or sinus echo zones 
— (increasing the inner limit). 

Sinus interpolation: Shortening of the cycle 
~ length resulted in the following effects on interpola- 
^. tion responses: In two of the seven patients with in- 
_ terpolation during sinus rhythm, interpolation was 
abolished. In the remaining five patients with inter- 
polation during sinus rhythm, the absolute zones of 
interpolation were increased. Seventeen additional 
-~ patients manifested interpolation during atrial driv- 
— ing. The mean zone of interpolation in the 22 pa- 
tients with interpolation during atrial driving was 


-..892 to 265 msec (absolute value 127 msec) at a mean 


cycle length of 648 msec and accounted for 20 percent 
of the total paced cycle length duration (S,-S;) in 
these 22 patients. 


A,-A, 830 A,-A,830 


A, -A2 360 


Ao2- A3 470 





Sinus echoes: In one of four patients with echoes 
during sinus rhythm, the echoes were abolished. In 
the remaining three patients, absolute zones of sinus 
echoes were increased. Sinus echoes occurred in five 
additional patients upon shortening of the cycle 
length with pacing. The mean zone of sinus echoes in 
all eight patients with echo zones during atrial driv- 
ing was 329 to 248 msec (absolute value 81 msec) at a 
mean cycle length of 621 msec and accounted for 13 
percent of the total paced cycle length. 

Atrial functional refractory period: The func- 
tional refractory period of the atrium was measured 
in all patients during sinus rhythm and atrial driving 
(mean cycle length 803 and 645 msec, respectively). 
The atrial functional refractory period during sinus 
rhythm was 299 + 5.3 msec (mean + standard error 
of the mean) and 250 + 7.5 msec during atrial pacing 
(P <0.01). 


Discussion 


Sinus nodal function after premature atrial 
depolarization (S5): It has previously been shown in 
both animals and man that atrial premature depolar- 
izations (Sg) exert variable effects on atrial rhythm.!- 
5,9-14 Microelectrode studies in rabbits by Bonke et 
al.? demonstrated that an extrastimulus (S5) length- 
ened the succeeding sinus cycle and that this length- 
ening was directly proportional to the degree of pre- 
maturity of Sə within certain limits. The asystolic 
pause (As-A3) after So increased progressively with a 
progressive increase in prematurity of Sə up to ap- 
proximately 70 percent of the sinus cycle. This tem- 
porary depression of S-A nodal pacemaker automa- 
ticity was demonstrated to be due to depression of di- 
astolic depolarization. In other experimental studies 
Han et al.!? and Bonke et al.!! demonstrated that as 
S» was elicited early in the sinus cycle (A1-A,), the 
À»-A3 interval shortened because of either interpola- 
tion or echo phenomenon. Sinoatrial entrance block 
and slow conduction of early S» impulses within the 
perisinus nodal tissue (or even the shift of pacemaker 
site within the S-A node) were suggested as possible 
explanations of these respective sinus responses. 

Strauss and Bigger!? demonstrated in rabbit hearts 


FIGURE 7. Case 28. Demonstration of com- 
plete interpolation. The A-A; interval is 830 
msec. At an A,-A» interval of 360 msec, the A; 
occurs at an A,-As interval of 830, which is 
equal to A,-A,. The P wave configuration of A 
approximates that of the sinus P wave and a 
high to low sequence of atrial depolarization is 
maintained. The A3-A, interval is equal to A4- 
A4. The QRS complex following A» is of right 
bundle branch block configuration as a result of 
aberrant conduction. 
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the presence of a perinodal junctional zone with char- 
acteristic electrophysiologic properties between the 
S-A node and surrounding atrial tissue. They sug- 
gested that this zone served as the site of normal con- 
duction delay for impulses entering and leaving the 
sinus node. They also concluded that premature atri- 
al stimuli, elicited late or very early in the sinus cycle, 
did not gain entrance to the sinus node through this 
transition zone because of either interference (late 
stimuli) or refractoriness (early stimuli). Premature 
stimuli elicited in the middle of the sinus cycle 
gained access to the S-A node after traversing the 
zone and reset the sinus. 

Childers et al.4 demonstrated in dogs that sinus 
nodal responses after S could be categorized into 
zones defined by the longest and shortest A;-A» in- 
tervals giving rise to a particular response. They de- 
scribed zones of interpolation and sinus echoes after 
extrastimuli. Canine studies by Paulay et al.!? dem- 
onstrated the occurrence of repetitive sinus echoes 
after an early elicited S». Klein et al.!* observed four 
basic patterns of alteration in the S-A nodal rhythm 
after S» in rabbits. They termed these responses type 
IV (when So initiated very late in the sinus cycle 
failed to affect the S-A node); type III (when S» elic- 
ited during the middle of A;-A, depolarized the S-A 
node); and types II and I (when Sz initiated early in 
A,-A; resulted in S-A nodal interpolation and 
echoes). 

Variable sinus responses to S» (depending upon its 
degree of prematurity) were reported by Narula et 
al.2 in some patients. They observed the progressive 
lengthening of the Ao-A3 interval with shortening of 
the A,-A» interval when As was elicited late in the 
sinus cycle. With increasing prematurity of A», inter- 
polation and sinus reentry responses were also noted. 
The incidence rate of interpolation was 26 percent (7 
of their 28 patients) in patients with normal sinus 
rates. Goldreyer and Damato! reported S-A nodal en- 
trance block (complete interpolation) in 6 of 13 pa- 
tients (46 percent) without sinus nodal dysfunction. 
This was observed when S» was elicited with a pre- 
maturity equal to 30 to 40 percent of the A;-A; inter- 
val. Strauss et al.? evaluated five patients with symp- 
tomatic sinus node disease. They demonstrated zones 
of nonreset due to interference (when S» fell in the 
last 20 percent of the A;-A, interval) and zones of 
reset. They also reported an indirect means of calcu- 
lating S-A conduction time; the latter ranged from 68 
to 156 msec in their four patients with sinus node dis- 
ease. 

Zone of interference after an extrastimulus: 
This study presents a systematic evaluation of sinus 
nodal function and characterizes sinus nodal re- 
sponses after an extrastimulus in a large number of 
patients without apparent sinus node disease. Zones 
of interference were defined in all of the patients (12 
of 12) in whom S» was delivered late in the sinus 
cycle, thus suggesting that the interference response 
would have been present in all 36 patients if So had 


been delivered late enough. This zone of interference 
should theoretically be present in all patients, since 
there should be a zone in late diastole in which the - 
incoming impulse collides with the outgoing impulse 
and thus cannot reach and reset the sinus node. This 
zone of interference should approximate twice the si- 
noatrial conduction time (assuming equal antegrade 
and retrograde conduction times in and out of the 
sinus node). In this study, the zone of interference (in 
the 12 patients) accounted for approximately 25 per- 
cent of the total sinus cycle length. This observation 
is consistent with the previous report of Strauss et 
al.,? who described a 20 percent zone of interference ~ 
in four patients with sinus node disease. In one of 
their patients, interference accounted for 100 percent 
of the scanned sinus cycle. However, they termed this 
a “zone of nonreset." The term *zone of interference" 
seems preferable since nonreset could apply to any 
response that is not reset such as interpolation and 
echo. 

Zone of reset: Reset was demonstrated in all the 
patients in this series compared with the 80 percent - 
incidence rate reported by Strauss et al? in five pa- — 
tients with sinus node disease. The absence of reset 
in one of their five patients was believed to reflect 
advanced sinoatrial disease. Increasing prematurity 
of Sə in our patients did not result in further prolon- 
gation of As-As, the later intervals remaining rela- 
tively constant. This suggested that (1) S-A nodal au- 
tomaticity did not change; (2) there was no shift of 
pacemaker site; and (3) antegrade and retrograde — 
conduction to the sinus node remained constant dur- | 
ing the zone of reset. As mentioned previously, the 
true zone of reset in our patients is presumably 
slightly longer than reported since in 24 of our pa- - 
tients the scanning was started at prematurity equiv- 
alent to about 80 percent of the sinus cycle. 

Zone of interpolation: Interpolation was found in 
19 percent of our patients compared with incidence 
rates of 46 and 26 percent reported, respectively, by . 
Goldreyer and Damato! and Narula et al? This re- . 
sponse occurred when S» was initiated with prematu- 
rity equal to or less than 50 percent of the sinus cycle, 
suggesting that À» was occurring during the absolute 
entrance refractory period of the sinus node. The ac- 
tual site of S-A entrance block was probably in the 
perinodal fibers.!? It is assumed that with complete 
interpolation S» neither resets the sinus node nor af- | 
fects the S-A conduction time of As. During partial 
interpolation, it is assumed that S? does not reset the 
sinus node but does prolong the S-A conduction time 
of Aa because of concealed conduction to the peri- 
nodal fibers.*:!! 

Sinus echo zones: These were the least common 
responses in our study (11 percent of patients), in 
contrast to the frequent demonstration of sinus echo 
zones during animal experiments and in another 
study involving man.*91?4 Our patients with sinus 
echoes had no history of atrial tachycardia and none 


manifested sustained sinus reentrant tachycardia 
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during the study. The early appearance of A3 (sinus 
echo) is thought to be due not to accelerated automa- 
ticity of the sinus node but to increased refractori- 
ness of perinodal fibers.*9.1.,1? Tt is suggested that A» 
arrives at this perinodal region during its relative re- 
 fractory period, is blocked at one front, enters at an- 
other site and then slowly conducts in this region 
until the neighboring atrial tissue recovers, allowing 
exit and reexcitation of the atrium. Paulay et al.!? 
showed that crushing the sinus node in dogs resulted 


— in disappearance of sinus echoes, thereby suggesting 


that the actual site of turnaround or reentry may be 


` the sinus node itself. 


S-A conduction tissue: The ability to measure 
S-A conduction time with use of the extrastimulus 
technique in patients was reported by Strauss et al. 
The sinus responses (A5-À3) during the zone of reset 
usually exceeded that of the A,-A; interval. These 
workers suggested that the degree to which the A5-A4 
interval exceeded the A-A; interval reflected the 
time for retrograde conduction of the S» into the S-A 
node and for antegrade conduction of the first re- 
turning S-A nodal beat (A3). If one assumes that an- 
tegrade and retrograde conduction times were of 
equal duration, the S-A conduction time would be 
half the difference of A-A; and A,-A,. The similarity 
_ between S-A nodal conduction times in our patients 
and those of five patients with sinus node disease de- 
scribed by Strauss et al.? may have partially reflected 
the presence of subclinical perisinus or sinus node 
disease in our patients, since most of our patients had 
organic heart disease. However, none of our patients 
had apparent sinus nodal dysfunction, and it is con- 
ceivable that the range of S-A conduction times re- 
ported in our series of 36 patients reflects the normal 
range for this measurement. We did not believe it 
justified to submit a large number of normal healthy 
patients to right heart catheterization in order to de- 
fine normal sinus nodal responses. 


Effect of cycle length: There are no data avail- 
able in man regarding the effect of a decrease in cycle 
length on the S-A nodal responses. The interference 
responses were totally abolished with atrial pacing 
because of continuous suppression of the sinus node. 
'The zone of reset was contracted because of the de- 
crease in the A-A; interval (which is a result of 
method and not a physiologic response) and because 
of encroachment due to lengthened zones of interpo- 
lation and sinus echoes. The development of or in- 
crease in zones of interpolation and echoes in our pa- 
tients reflected both an increase in the outer limits of 
these zones and a decrease in the inner limits. The in- 
crease in the outer limit of these zones probably re- 
flected an increase in absolute and relative refractori- 
ness of perinodal fibers with a decrease in cycle 
length. The decrease in the inner limits reflected a 
decrease of atrial functional refractory period expos- 
ing perinodal fibers to impulses at shorter coupling : 
intervals (A;-Ag). 

Clinical implication: Sinus interference and reset 
responses to the atrial extrastimulus technique were 
universally present in the 36 patients, whereas inter- 
polation and echoes were much less common. S-A 
conduction time was 92 + 30 msec (mean + standard 
deviation). Shortening of the cycle length markedly 
facilitated sinus nodal reentry and interpolation. 
Since these studies were performed in patients with- 
out apparent sinus node disease, the responses ob- 
served characterize the functional properties of the 
normal S-A conduction system in man. Whether sim- 
ilar studies will be useful for evaluation of sinus node 
disease deserves further prospective study in a large 
number of patients with suspected sinus nodal dys- 


function. 
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Controversy has existed concerning the value of nitroglycerin therapy 
in acute myocardial infarction. With use of Walton-Brodie strain gauge 
arches and mercury-in-Silastic segment length gauges, the effects of 
nitroglycerin (30 ug/kg intravenously) were studied on local tension 
and length characteristics of the ischemic, border and nonischemic 
zones of the left ventricle in 10 open chest dogs. In the nonischemic 
zone total tension increased to 144.8 + 13.6 (mean + standard error 
of the mean) percent (P <0.005) of control levels, and segment length 
decreased to 79.4 + 4.4 percent (P <0.01) with infusion of nitroglyc- 
erin 15 to 30 minutes after coronary ligation. Changes were similar in 
the groups given nitroglycerin 45 to 60 minutes and 2 to 3 hours after 
ligation. The border zone exhibited an increase in total tension to 132.3 
+ 8.4 percent (P <0.005) of control level and a decrease in segment 
length to 79.0 + 2.4 percent (P <0.001) in the 15 to 30 minute group. 
In the 45 to 60 minute group, tension increased to 117.9 + 4.8 percent 
(P «0.005), whereas length decreased to 86.8 + 1.4 percent (P 
« 0.001); and in the 2 to 3 hour group tension increased to 124.9 + 6.0 
percent (P «0.005), and length decreased to 91.9 + 3.5 percent (P 
« 0.001). The decrease in magnitude of responsiveness in the 45 to 60 
minute and 2 to 3 hour postligation groups compared with the 15 to 30 
minute postligation group was highly significant (P <0.005). The cen- 
tral ischemic zone showed no significant change in tension or length in 
any group. Maximal response to nitroglycerin administration in both 
tension and length parameters was observed within 30 to 60 seconds 
and was concomitant with a decrease in systolic pressure to 73.3 + 
1.9 percent (P <0.001) and an increase in heart rate to 107.2 + 1.0 
percent. 

Nitroglycerin improves the contractile performance of the nonisch- 
emic and border zones after coronary occlusion without affecting the 
central ischemic zone. However, the border zone exhibits a progres- 
sive decrease in contractile response as a function of time. These data 
suggest that nitroglycerin has the overall effect of functionally reducing 
the extent of the ischemic area and strongly supports its potential clini- 
cal usefulness in acute myocardial infarction. 


The use of nitroglycerin in acute myocardial infarction has become 
controversial. The traditional view that this agent is contraindicated 
in acute myocardial infarction! has been challenged by experimental 
findings that it decreases the ischemic injury? and has a reflex posi- 
tive inotropic effect.? In addition, recent clinical studies have indicat- 
ed that nitroglycerin is of benefit in patients with left ventricular 
dysfunction and pulmonary edema,* and that it considerably im- 
proves cardiac performance in patients with myocardial infarction of 
less than 15 hours’ duration.? In patients with left ventricular dys- 
function due to chronic coronary disease, ventriculographic studies 
from our laboratory$-? have shown that nitroglycerin differentiates 
reversible from irreversible contraction abnormalities. 
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FIGURE 1. Effect of nitroglycerin (TNG) (30 ug/kg intravenously) on 
blood pressure and heart rate. 
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The precise manner in which nitroglycerin affects 
the regional contraction characteristics of the left 
ventricle under circumstances of ischemia and infarc- 
tion is unknown. This experimental study was there- 
fore undertaken to examine the effects of nitroglycer- 
in on length and tension relations of ischemic, border 
and nonischemic ventricular zones after acute coro- 
nary occlusion. 


Material and Methods 


Experiments were performed on 10 mongrel dogs weigh- 
ing 25 to 30 kg and anesthetized intravenously with sodium 
pentobarbital (30 mg/kg). Under intermittent positive 
pressure respiration, a thoracotomy was performed with a 
midsternal incision. The heart was supported in a pericar- 
dial cradle. A polyethylene tube was introduced through an 
external jugular vein for intravenous infusion. Central aor- 


NON.-ISCHEMIC ZONE 
A. Total Tension 


tic pressure was monitored with use of a P23Db transducer 
through a wide bore stiff catheter introduced by way of a 
common carotid artery. 

The left anterior descending coronary artery was isolat- 
ed 3 cm distal to its origin. Local electrograms from the po- 
tentially ischemic, border and nonischemic zones were re- 
corded by inserting three pairs of fine Teflon®-coated 
stainless steel wires, one in each zone. Transient ischemia 
was produced by obstructing the left anterior descending 
coronary artery momentarily and local electrograms were 
recorded to define the central ischemic, border and non- 
ischemic areas. The ischemic zone showed marked S-T seg- 
ment elevation whereas the border zone exhibited S-T seg- 
ment depression and T wave inversions (similar to a zone 
of “injury”). No S-T segment or T wave changes were ob- 
served in the normal zone. The coronary occlusion was re- 
leased immediately and the heart allowed to recover for 10 
minutes. Local electrograms invariably returned to control 
level in this period. Three Walton-Brodie strain gauge 
arches of 120 ohm resistance with adjustable feet were 
fixed with deep sutures in the ischemic, border and non- 
ischemic zones.? The myocardial segment under the two 
feet of each strain gauge arch was stretched by 30 percent 
of its initial length. The rate of tension rise (dT/dt) was 
measured using a linear resistance-capacitance differen- 
tiating circuit.?.10 

A mercury-in-Silastic® tubing segment length gauge?! 
ranging in length from 1.5 to 2 cm was sutured adjacent 
and parallel to the strain gauge in each zone to monitor 
concurrent changes in segment length. Standard lead II of 
the electrocardiogram was monitored throughout each ex- 
periment. All records were taken simultaneously on a mul- 
tichannel oscilloscopic recorder at a paper speed of 100 
mm/sec. 

After control recordings of simultaneous segment tension 
and length were taken, the coronary artery was ligated. A 
bolus injection of nitroglycerin (30 ug/kg) was infused in- 
travenously at variable intervals of 15, 30 and 45 minutes 
and 1, 2 and 3 hours after coronary ligation. In any single 
study, a minimal interval of 45 minutes between any two 
nitroglycerin interventions was allowed, at which time the 
changes in blood pressure and the heart rate produced by 
nitroglycerin had returned to control values. 
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Studies were divided into three groups: administration 
of nitroglycerin at 15 or 30 minutes after ligation, at 45 or 
60 minutes after coronary ligation and at 2 or 3 hours after 
coronary occlusion. 

Tension and segment length recordings were made be- 
fore and immediately after coronary occlusion, immediate- 
ly before the administration of nitroglycerin, continuously 
for 5 minutes after the nitroglycerin infusion and every 2 to 
5 minutes for 45 minutes after the nitroglycerin interven- 
tion. The following indexes®:!!:!* were measured and inter- 
preted as percent change from values immediately before 
administration of nitroglycerin (1) preejection tension (2) 
ejection tension (3) total tension (4) rate of tension rise 
(dT/dt), and (5) phasic segment length. Statistical analysis 
was performed by Student's t test for paired values. 

At the end of each experiment, 2 cc of methylene blue 
dye was injected into the left anterior descending coronary 
artery immediately distal to the site of occlusion to ascer- 
tain the area of left ventricular myocardium it subserved 
and to confirm that the gauges were placed correctly in 
each zone. 


Results 


The changes in segment length and tension devel- 
opment in the ischemic, border and nonischemic ven- 
tricular zones after coronary arterial ligation have 
been described previously.? Briefly, in the ischemic 
zone the preejection tension decreases to 59.2 + 8.0 
percent of control level (P «0.001) and the rate of 
tension rise (d'T/dt) decreases to 45.3 + 8.3 percent 
(P «0.001) within the first 15 minutes of coronary li- 
gation followed by a more gradual decline up to 4 
hours in duration.? Ejection tension falls precipitous- 
ly, developing a negative slope that returns to zero 
after 30 to 60 minutes of ligation. Segment length in- 
creases to 238.0 percent (P «0.001) in the first 15 to 
30 minutes and then declines to 105.0 percent of con- 
trol level after 4 hours of ligation. 'The border zone 
shows a decrease in tension and increase in length 
similar to the reductions in the ischemic zone but the 
changes are of considerably less magnitude, whereas 
ejection tension in the border zones does not show a 
negative slope. The nonischemic zone shows no sig- 
nificant changes.? 

Effect of nitroglycerin on blood pressure and 
heart rate: Figure 1 illustrates the effect on blood 


dT/ dt 


Border Zone 


FIGURE 3. A typical experiment demonstrating 
the effect of intravenous administration of nitro- 
glycerin on tension and length recordings from 
the border zone after 15 minutes of coronary li- 
gation. Coronary ligation produces a decrease 
in tension as well as its rate of rise (dT/dt) and 
an increase in segment length. Nitroglycerin 
infusion (TNG response) produces a significant 
increase in tension and dT/dt and a decrease in 7. 
segment length concomitant with the decrease 
in blood pressure. With the return of blood pres- 
sure to control level, both tension and segment 
length revert to the level before nitroglycerin. 
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pressure and heart rate with each intravenous injec- 
tion of nitroglycerin. The systolic blood pressure de- 
creases significantly (P <0.001) to 73.3 + 1.9 percent 
of control level and the diastolic pressure decreases 
to 62.3 + 2.5 percent. Five minutes after the nitro- 
glycerin injection, both the systolic and the diastolic 
blood pressures return to near control level (Fig. 1). 
The heart rate increases insignificantly to 107.2 + 1.0 
percent of the control value and within 5 minutes of 
nitroglycerin administration returns to 98.2 + 2.0 
percent. 

Effect of nitroglycerin on nonischemic zone: 
Figure 2 illustrates the changes in total tension and 
segment length in the three groups of experiments. 
Total tension (Fig. 2A) increases to 144.8 + 13.6 per- 
cent of control level (P <0.005) with nitroglycerin 
infusion 15 to 30 minutes after coronary occlusion 
and returns to control level in 5 minutes. In the 45 to 
60 minute and 2 to 3 hour groups, nitroglycerin pro- | 
duces similar increases in total tension and, when the 
three groups are compared, no statistical difference 
in the magnitude of tension changes produced is de- 
monstrable (Fig. 2A). The rate of tension rise (dT/dt) 
increases to 138.2 + 16.6 percent in the 15 to 30 min- 
ute group, 124.2 + 8.0 percent in the 45 to 60 minute 
group and 132.9 + 9.6 percent in the 2 to 3 hour | 
group (P <0.005). Preejection tension increases to 
141.8 + 26.6 percent (P <0.02), 132.2 + 24.9 percent 
(P <0.02) and 131.2 + 12.1 percent (P <0.02), respec- 
tively, in the three groups. Ejection tension exhibits 
an increase to 153.9 + 19.5 percent (P <0.01) in the 
15 to 30 minute group, 146.7 + 10.5 percent (P 
<0.001) in the 45 to 60 minute group and 134.0 + 7.8 
percent (P <0.001) in the 2 to 3 hour group. 

Segment length (Fig. 2B) decreases to 79.4 + 4.4 
percent of control level (P <0.01) in the 15 to 30 min- 
ute group. In the 45 to 60 minute group, it decreases 
to 85.5 + 2.6 percent (P <0.01) and in the 2 to 3 hour 
group, declines to 84.3 + 4.4 percent (P <0.01). There 
was no statistical difference in the magnitude of re- 
ductions in segment length among the three groups 
(Fig. 2B). 

Effect of nitroglycerin on the border zone: Im- 
mediately after nitroglycerin infusion, the border 
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zone exhibits a significant increase in tension and de- 
crease in length concomitant with the decrease in 
blood pressure (Fig. 3). These changes occur within 
15 to 30 seconds of nitroglycerin administration (Fig. 
_ 4). Five minutes after the nitroglycerin infusion both 
total tension and segment length return to pre-nitro- 
glycerin levels. Figure 5 compares the changes in 
total tension and segment length of the border zone 
in the three groups of experiments. In the 15 to 30 
minute group, total tension increases to 132.3 + 8.4 
percent of control level (P «0.005) and returns to 
98.6 + 4.8 percent 5 minutes after nitroglycerin infu- 
sion (Fig. 5A). In the 45 to 60 minute group, it in- 
creases to 117.9 + 4.8 percent of control level (P 
<0.005) and returns to 104.1 + 5.4 percent. In the 
group with 2 to 3 hours of occlusion, total tension sim- 
ilarly increases to 124.9 + 6.0 percent (P <0.005) and 
returns to control level 5 minutes after nitroglycerin 
administration. The increase in total tension in the 
15 to 30 minute group is significantly higher (P 
« 0.005) than that in the groups with 45 to 60 minutes 
. or 2 to 3 hours of coronary occlusion. The rate of ten- 
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sion rise also shows a significant increase to 154.6 + 
10.5 percent in the 15 to 30 minute group, 141.9 + 9.8 
percent in the 45 to 60 minute group and 129.7 + 4.5 
percent in the 2 to 3 hour group. The magnitude of 
the increase in dT/dt in the 15 to 30 minute group is 
significantly higher (P <0.005) than that in the 45 to 
60 minute or the 2 to 3 hour groups. Other tension 
measurements such as preejection and ejection ten- 
sion exhibit changes similar to those observed in total 
tension and rate of tension rise. Preejection tension 
increases to 154.2 + 18.2 percent (P <0.01) in the 15 
to 30 minute, 119.8 + 10.7 percent in the 45 to 60 
minute and 116.5 + 11.8 percent in the 2 to 3 hour 
groups, respectively. Ejection tension shows an in- 
crease to 138.5 + 14.7 percent (P «0.02) in the 15 to 
30 minute, 123.0 + 8.2 percent (P <0.02) in the 45 to 
60 minute and 138.6 + 9.2 percent (P <0.001) in the 2 
to 3 hour groups. 

Concomitant with the decrease in blood pressure, 
segment length decreases to 79.0 + 2.4 percent (P 
<0.001) in the 15 to 30 minute group and returns to 
control level within 5 minutes of nitroglycerin infu- 
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coronary ligation demonstrating the 
rapidity of response in nonischemic 
and border zones concomitant with 
change in blood pressure. Time lines 
1.0 sec. 





FIGURE 5. Effect of nitroglycerin (TNG) on total ten- 
sion (A) and segment length (B) in the border zone at 
15 to 30 minutes, 45 to 60 minutes and 2 to 3 hours 
after coronary ligation. 
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sion (Fig. 5B). In the 45 to 60 minute group, segment 
length decreases to 86.8 + 1.4 percent (P <0.001). In 
the 2 to 3 hour group, segment length decreases only 
to 91.9 + 3.5 percent of control level (P <0.001). 
When the three groups are compared, the decrease in 
segment length in the 15 to 30 minute group is signif- 
icantly greater (P <0.01) than that in the 45 to 60 
minute group or the 2 to 3 hour group. 

Effect of nitroglycerin on the ischemic zone: 
Nitroglycerin had no significant effect on total ten- 
sion or segment length in the ischemic zone (Fig. 6 
and 7). The rate of tension rise, preejection tension 
and ejection tension did not reveal any significant 
changes. 


Discussion 


Nitroglycerin has been shown to increase cardiac 
output and left ventricular stroke work index in pa- 
tients with acute myocardial infarction and heart 
failure as well as in those with chronic coronary 
heart disease.!? However, the effects of the drug in 
patients without heart failure are not uniform.” 
The differential effects of nitroglycerin on the local 
performance of the ischemic, border and nonischemic 
left ventricular zones after coronary arterial ligation 
have not been systematically examined. Recent stud- 
ies from our laboratory have indicated that after 


acute coronary occlusion there is a rapid decline in 
tension and an increase in segment length of the isch- 
emic zone of the left ventricle in the first 15 minutes 
followed by a gradual decline in both indexes over a 
period of 4 hours? The border zone shows changes 
similar to the ischemic zone but of lesser magnitude, 
while the nonischemic zone is essentially unaffected.? 
The results of this study indicate that nitroglycerin 
has a differential effect on these three left ventricular 
zones. The nonischemic zone shows a significant con- 
tractile improvement manifested by increase in ten- 
sion and decrease in length when nitroglycerin is ad- 
ministered from 15 minutes to 3 hours after coronary 
occlusion (Fig. 2). The border zone shows qualitative- 
ly similar changes (Fig. 3), although of decreasing 
magnitude as a function of time after coronary occlu- 
sion (Fig. 5). In contrast, the ischemic zone is rela- 
tively unaffected by the nitroglycerin infusion (Fig. 6 - 
and 7). The decreasing magnitude of responsiveness | 
in the border zone suggests that, over the observed 
period of coronary occlusion, the degree of ischemic 
injury increases and the contractile ability of the area 
therefore progressively deteriorates. 

Recent ventriculographic studies in coronary ar- 
tery disease have shown that nitroglycerin adminis- 
tration improves contractile ability of some asynergic 
segments while others remain unresponsive.®- The 


ISCHEMIC ZONE 


A. Total Tension 


120 A 
no IT gus OCR LIS ; 
o 
e 
o 
<= 
v LI 
- LJ i sae & 2 RET Aes SE NIPE ATR A py Sete ee eS! 5 
c 0 
v 
$5 B. Segment Length 
a 
wp @—_, ———* o——___+__-* o———_+—__° 
x: 97.0 + 20 
70 
60 
> 
: TS Re 74, y- d fo 72 ^ wo Fo, " 
FIGURE 6. Effect of nitroglycerin (TNG) on total ten- (eo. NO "e | UR Sa 6 oa R at To 
. * . . 4 ^ 
sion (A) and segment length (B) in the ischemic zone * NM v, < Yom T NND MS. e ER NA ON A. 
at 15 to 30 minutes, 45 to 60 minutes and 2 to 3 hours ot N "o. EM es M ue ^, 
after coronary ligation. P s ^ (X ^ ^o, 


FIGURE 7. A typical experiment demonstrating 
the effect of intravenous administration of nitro- 
glycerin on tension and length recordings from 
the central ischemic zone after 15 minutes of 
coronary ligation. Coronary ligation causes a 
marked decrease in tension and increase in 
segment length. Nitroglycerin infusion (TNG re- 
sponse) produces a significant decrease in 
blood pressure but no change in tension and 
length recordings (contrast with the same re- 
cordings from the border zone in Figure 3). 
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responsiveness of the asynergic zones presumably de- 
pends upon the improvement in balance between 
their oxygen supply and demand induced by nitro- 
glycerin. Our study, when taken in that context, 
suggests that only areas that have residual contractile 
ability, such as the border zones, show improvement 
in contractile performance whereas zones with frank 
infarction are relatively unresponsive. 

Mechanism of nitroglycerin effects on con- 
tractility: The mechanism of these changes pro- 
duced by administration of nitroglycerin is conjectur- 
al. The dramatic increase in tension and decrease in 
length of the border and nonischemic zones occurring 
concomitantly with the decrease in blood pressure 
suggests that these effects are produced by a decrease 
in afterload. The latter results in decreased myocar- 
dial oxygen consumption and thus improves the bal- 
ance between oxygen supply and demand.!^ If the 
border zone consists of ischemic but viable myocar- 
dium, an improvement in oxygen balance should 
cause improvement in its contraction. These findings 
are consistent with the observation that nitroglycerin 
reduces the ischemic injury.? Another mechanism 
may relate to an increase in coronary blood flow to 
the affected left ventricular zone after nitroglycerin 
administration.'° However, since these changes are 
transient and regress when the blood pressure re- 
turns to control level, the mechanism related to after- 
~ load appears more logical. Nitroglycerin has also 
. been shown to have a positive inotropic sympathetic 
reflex effect, which may play a partial role.? 

_ Role of blood pressure: It has been observed that 

_a decrease in blood pressure may cause a concomitant 
decrease in coronary blood flow and thus increase the 
extent of ischemic injury.!^? In this study, nitroglyc- 
erin infusion was so regulated that the level of systol- 


ic blood pressure was not allowed to fall below 90 mm 
Hg and the diastolic pressure remained in the range 
of 60 to 70 mm Hg. Previous studies on the effect of 
blood pressure on contractile force measured by the 
Walton-Brodie strain gauge arch indicate that con- 
tractile force may increase with significant increases 
in systolic or diastolic pressure.!? In the present 
study the increase in tension was observed concomi- 
tantly with a decrease in systolic and diastolic blood 
pressure. It is thus clear that the contractile changes 
recorded by the strain gauge are not only the effect of 
the change in blood pressure. This is further substan- 
tiated by the differential changes in the three zones 
of the left ventricle studied. Similarly, the changes in 
heart rate were not of sufficient magnitude (Fig. 1) to 
cause alterations in the strain gauge measurements.!? 

Clinical implications: If these data are applicable 
to man, the findings suggest that, after nitroglycerin 
administration, the nonischemic and marginally af- 
fected areas of the left ventricle improve their con- 
tractile behavior over a 3 hour period following coro- 
nary occlusion whereas the central ischemic area is 
relatively unaffected. This has the overall effect of 
functionally reducing the extent of the ischemic area 
and thereby improving overall left ventricular perfor- 
mance. In the context of other experimental studies 
that indicate that nitroglycerin decreases ischemia 
and enzyme release? and of clinical studies demon- 
strating improved function, *? our study strongly sup- 
ports the potential clinical usefulness of nitroglycerin 
in cases of acute myocardial infarction. 


Acknowledgment 


We thank Miss Janice Phillips and Mr. Joseph Lewan- 
dowski for their technical assistance and Mrs. Marcy 
Moore for her help in preparing the manuscript. 


References 


1. Russek HI, Urbach KF, Zohman BL: Paradoxical action of glyc- 
eryl trinitrate (nitroglycerin) in coronary patients. JAMA 158: 
1017-1021, 1955 

2. Smith ER, Redwood DR, McCarron WE, et al: Coronary artery 
occlusion in conscious dog: effects of alterations in arterial 
pressure produced by nitroglycerin, hemorrhage and alpha-ad- 
renergic agonists on the degree of myocardial ischemia. Cirula- 
tion 47:51-57, 1973 

3. Darby TD, Sprouse JH, Walton RP: Evaluation of sympathetic 
reflex effects on the inotropic action of nitroglycerin, quinidine, 
papaverine, aminophylline and isoproterenol. J Pharmacol Exp 
Ther 122:386-395, 1958 

4. Gold HK, Leinbach RC, Sanders CA: Use of sublingual nitro- 
glycerin in congestive failure following acute myocardial infarc- 
tion. Circulation 46:839-845, 1972 

5. Flaherty J, Reid P, Kelly D, et al: Intravenous nitroglycerin in 
acute myocardial infarction (abstr). Circulation 48:Suppl IV:IV- 
104, 1973 

. 6. Pine R, Meister SG, Banka VS, et al: Use of nitroglycerin to un- 
mask reversibility of ventricular contraction abnormalities due to 
coronary disease (abstr). Clin Res 21:442, 1973 

7. Pine R, Meister SG, Banka VS, et al: Detection of reversible 
contraction. abnormalities with nitroglycerin: correlation with 
postcoronary bypass ventriculography (abstr). Circulation 48: 

. Suppl IV:IV-104, 1973 

8. Helfant RH, Pine R, Meister SG, et al: Nitroglycerin to unmask 
reversible asynergy: correlation with postcoronary bypass ven- 
triculography. Circulation 50:108- 113, 1974 


458 October 6, 1975 The American Journal of CARDIOLOGY 


9. Banka VS, Helfant RH: Temporal sequence of dynamic con- 
tractile characteristics of ischemic and nonischemic myocar- 
dium following acute coronary ligation. Am J Cardiol 34:158— 
163, 1974 

10. Nakhjavan FK, Son R, Goldberg H: Myocardial contractility in 
areas with chronic ischemia: studies on isometric tension. Car- 
diovasc Res 3:226-233, 1968 

11. Hood WB, Covelli VH, Abelmann WH, et al: Persistence of con- 
tractile behavior in acutely ischemic myocardium. Cardiovasc 
Res 3:249-260, 1969 

12. Cotten MdeV, Bay E: Direct measurement of changes in cardi- 
ac contractile force. Am J Physiol 187:122—134, 1956 

13. Weiner L, Dwyer EM Jr, Cox JW: Hemodynamic effects of ni- 
troglycerin, propranolol, and their combination in coronary heart 
disease. Circulation 39:623-632, 1969 

14. Brachfeld N, Bozer J, Gorlin R: Action of nitroglycerin on coro- 
nary circulation in normal and in mild cardiac subjects. Circula- 
tion 19:697-704, 1959 

15. Sonnenblick EH, Skelton CL: Myocardial energetics: basic prin- 
ciples and clinical implications. N Engl J Med 285:668-675, 
1971 

16. Goldstein RE, Stinson EB, Scherer JL, et al: Intraoperative cor- 

_ onary collateral function in patients with coronary occlusive dis- 
ease: nitroglycerin responsiveness and angiographic correla- 
tions. Circulation 49:298-308, 1974 

17. Walton RP, Cotten MdeV, Brill HH, et al: Factors influencing 
measurement of contractile force of heart muscle in situ. Am J 
Physiol 161:489—504, 1950 


Volume 36 


Dissociation of the Inotropic Effect of Digitalis From 
Its Effect on Atrioventricular Conduction 


YOUNG |. KIM, MD* 
R. JOE NOBLE, MD, FACC 
DOUGLAS P. ZIPES, MD, FACC 


Indianapolis, Indiana 


From the Krannert Institute of Cardiology, the 
Department of Medicine, Indiana University 
School of Medicine, and the Veterans Adminis- 
tration Hospital, Indianapolis, Ind. This study was 
supported in part by the Herman C. Krannert 
Fund, Indianapolis, Ind.; Grants HL-060308, HL- 
05363 and HL-05749 from the National Heart 
and Lung Institute, National Institutes of Health, 
Bethesda, Md; and the Indiana Heart Associa- 
tion, Indianapolis, Ind. Manuscript accepted De- 
cember 27, 1974. 

* Present address: Department of Medicine, 
Division of Cardiology, University of Galveston 
Medical Branch, Galveston, Texas 77550. This 
study was carried out during Dr. Kim's tenure as 
a U. S. Public Health Service Trainee in Cardiol- 
ogy. 

Address for reprints: R. Joe Noble, MD, 
FACC, Indiana University School of Medicine, 
1100 West Michigan St., Indianapolis, Ind. 
46202. 


The relation between sequential changes in left ventricular contractility 
and atrioventricular (A-V) nodal conduction and refractoriness was as- 
sessed in open chest dogs during intravenous administration of acetyl- 
strophanthidin (5 g/kg) at 5 minute intervals until toxic arrhythmias 
developed. At each time interval, high fidelity left ventricular pressure, 
its electronic derivative (dP/dt) and a His bundle electrogram were si- 
multaneously recorded and the A-V nodal refractory period was mea- 
sured by graded trains of stimuli. Animals were studied with an intact - 
autonomic state (Group 1), with pharmacologic blockade of both the 
beta adrenergic and parasympathetic system (Group Il) and with 
parasympathetic blockade (Group Ill). Whereas contractility increased. 
in response to small doses of digitalis, displaying a linear dose-re- 
sponse relation independent of autonomic tone, A-V nodal transmission 
indexes responded minimally to less than 50 percent of the toxic dose 
of digitalis, and the response was dependent upon autonomic tone. 
These results indicate a dissociation between the effects of digitalis on 
contractility and A-V transmission in that the major drug action on the 
ventricular contractile mechanism is a direct, linear one in contrast to 
the nonlinear response of A-V nodal transmission, which is predomi- 
nantly mediated through the autonomic system. Clinically, these obser- 
vations imply that the optimal dose and serum level of digitalis required 
to treat congestive heart failure may differ significantly from those re- 
quired to treat supraventricular tachycardias, the therapeutic response 
of the latter being largely determined by the underlying autonomic 
tone. 


In clinical practice, digitalis is used for two important pharmacologic 
actions: (1) to augment inotropic state, especially in depressed myo- 
cardium; and (2) to slow atrioventricular (A-V) conduction and 
prolong A-V refractory period in order to treat supraventricular 
tachyarrhythmias. Although the effects of digitalis on myocardial 
contractility!-? and A-V nodal conduction and refractoriness?-!! have 
been extensively studied in the past, little is known of the compara- 
tive changes in these two variables as a function of the dose-related 
response.!? 

The objective of this study was to quantitate simultaneously se- 
quential changes in left ventricular contractility and A-V nodal con- 
duction and refractoriness. Since the actions of digitalis may be ei- 
ther direct, or indirect, as a consequence of the interaction of digitalis 
with the autonomic system,!? the experiments were conducted in the 
setting of variable, but defined autonomic tone. 


Methods 
Preparation 


Eighteen mongrel dogs, weighing 14 to 24 kg, were anesthetized with pen- 
tobarbital alone or in combination with morphine sulfate (see later) and were 
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ventilated by a Harvard respiratory pump. Rectal tempera- 
. ture was continuously monitored; the range of variation 
— was within 1.5? C. The heart was exposed through a right 
thoracotomy and suspended in a pericardial cradle. A mi- 
- cromanometer-tip catheter (Mikro-Tip Pressure Transduc- 
. er, model pc-350, Millar Instruments, Houston, Texas) was 
` positioned in the left ventricular cavity by retrograde cath- 
eterization from the carotid artery. A tripolar catheter was 
introduced into the right femoral vein and positioned 
across the tricuspid valve for recording of the His bundle 
electrogram.!^ For atrial pacing, a stainless steel electrode 
` was anchored to a fixed position near the A-V node in the 
right atrial wall. 

High fidelity left ventricular pressure was recorded from 
the micromanometer-tip catheter. The first derivative of 
the left ventricular pressure pulse (dP/dt) was obtained by 
an analog derivative circuit that provides an amplitude 
that is a linear function of frequency with an error of less 
than 3 percent for frequencies to 400 hertz. Atrial pacing 
was accomplished by a digital stimulator (Digipulser, W.P. 
Instruments, Inc., Hamden, Conn.) set to deliver square 
impulses 2 msec in duration at 4 milliamperes. The signal 
from the tripolar catheter for His bundle recording was ap- 
plied to an alternating current coupled differential amplifi- 
er with a selected frequency response of 40 to 500 hertz. 


Experimental Groups 


Control group (pentobarbital alone): Three dogs were 
anesthetized with pentobarbital alone without additional 
pharmacologic intervention. Anesthesia was achieved by an 
initial intravenous injection of pentobarbital, 30 mg/kg 
body weight, and maintained by supplemental doses of 1.5 
to 2.0 mg/kg administered every 30 minutes. This regimen 
was adopted because preliminary experiments showed the 
regimen to produce hemodynamically stable preparations 
with a constant level of anesthesia. 

Group I—animals without autonomic blockade: In 
five animals anesthesia was accomplished with intramuscu- 
larly administered morphine sulfate, 2.5 mg/kg, followed in 
30 minutes by intravenously administered pentobarbital, 
15 mg/kg, to preserve parasympathetic tone.!® 


— atrial pacing impulse. A, paper 
j«t— 250 msec —— speed of 100 mm/sec. B, paper 
| speed of 200 mm/sec. 


Group II—animals with autonomic blockade: To es- 
tablish combined parasympathetic and beta adrenergic 
blockade, five animals were given atropine, 0.05 mg/kg, and 
dl-propranolol (Inderal®), 0.2 mg/kg intravenously.'!® No 
intervention was given to block alpha adrenergic receptors, 
and anesthesia was accomplished as in the control animals. 

Group III—animals with parasympathetic blockade: 
In five animals, atropine, 0.05 mg/kg, was injected to pro- 
duce effective parasympathetic blockade. The mode of an- 
esthesia was the same as in the control animals. 


Experimental Procedures (Digitalis Administration) 


After completion of all cannulations the sinoatrial node 
was crushed with clamps and the heart constantly paced by 
the right atrial stimulating electrode at a basic cycle length 
of 500 msec. After appropriate pharmacologic autonomic 
blockade according to protocol for the various animal 
groups, acetylstrophanthidin*, 5 ug/kg body weight, was 
administered intravenously over 30 seconds at 5 minute in- 
tervals until toxic arrhythmias developed. The dose of 
acetylstrophanthidin was chosen after a preliminary study 
showed it to produce toxic arrhythmias in approximately 1 
hour. The onset of toxic arrhythmias was defined as the ap- 
pearance of ventricular premature beats in salvos of three 
or more, ventricular tachycardia, sustained ventricular bi- 
geminy, or junctional tachycardia. 

At the end of each 5 minute interval, the respirator was 
discontinued during the postexpiratory phase and left ven- 
tricular pressure, its first derivative (dP/dt), the bipolar 
His electrogram and a standard lead II electrocardiogram 
were simultaneously recorded on a multichannel direct- 
writing light beam oscillograph (Visicorder, model 1108, 
Honeywell) at a paper speed of 200 mm/sec (Fig. 1). After 
this maneuver, the respirator was turned on and the A-V 
nodal refractory period was determined as described later. 
Throughout the study period, all tracings were continuous- 
ly displayed on oscilloscopic screens. — 


* Supplied by Dr. G. C. Chiu, Eli Lilly and Co., Indianapolis, Ind. 


TABLE | 
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Sequential Changes in Left Ventricular Contractility and Atrioventricular Nodal Transmission During Acetylstrophanthidin Infusion 


(mean + standard error of the mean) 
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Percent Subtoxic Dose of Acetylstrophanthidin 


DOMIN CIE ——————Á, MEM MMLMMM—— LC c ORE 


Control 2596 7596 100% F P 
oe a ME Qa a aee et A NOR IU e tea E I EE IEEE I IAE On A ER ee se cae v RM ERE Se 
Group |. ANS Intact (no. = 5) 
dP/dt max (mm Hg/sec) 2,192 + 180 2,525 + 215 3,094 + 273 3,249 + 359 3,573 + 344 17.08 <0.001 
dP/dt-40 (mm Hg/sec) 1,737 + 95 2,009 + 143 2,309 + 205 2,497 +314 2,609 + 331 10.12 <0.005 

S-H (msec) 95+5 96+6 97+6 101 +7 103 +7 1.32 NS 
AVRP (msec) 190 * 3 194 +5 195 +5 205 +5 212-29 10.11 «0.005 
Group Il. ANS Blockade (no. = 5) 
dP/dt max (mm Hg/sec) 1,512 + 125 1,925 + 202 2,350 + 276 2,792 + 327 3,345 + 394 29.83 «0.001 
dP/dt-40 (mm Hg/sec) 1,342 + 104 1,663 + 156 1,994 + 203 2,319 + 200 2,689 + 247 36.35 <0.001 

S-H (msec) 111+4 110+4 106 + 1 107 +1 111+3 0.15 NS 

AVRP (msec) 254 + 16 246 +18 239 +17 246 + 16 256 + 13 0.01 NS 
Group III. PNS Blockade (no. = 5) 

dP/dt max (mm Hg /sec) 3,131 + 363 3,397 + 384 3,646 * 464 4,271 + 418 4,607 + 337 10.62 <0.005 

dP/dt-40 (mm Hg/sec) 2,317 + 132 2,622 + 179 2,832 + 191 3,152 + 189 3,429 + 207 26.35 <0.001 

S-H (msec) 89 +4 90 +5 90+5 91+5 92+5 0.23 NS 

AVRP (msec) 180 +3 187 +4 187 +4 194+2 204+5 21.55 «0.001 . 
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ANS = autonomic nervous system; AVRP = atrioventricular nodal refractory period; dP/dt max = maximal dP/dt; dP/dt-40 = dP/dt at 40 mm - 
Hg of left ventricular pressure; F = significance of linear regression coefficient; no. = number of dogs; NS = not significant; P = probability; PNS © 
= parasympathetic nervous system; S-H = atrial stimulus to His potential time. 


Definitions 


dP/dt max: Maximal dP/dt. This variable was averaged 
from three or four consecutive cardiac cycles at the postex- 
piratory quiescent phase. 

dP/dt-40: The dP/dt at 40 mm Hg of left ventricular 
pressure.!? 

S-H time: The interval between the atrial stimulus (S) 
and the first rapid deflection (H) of the bipolar His electro- 
gram. S-H time approximates the conduction time through 
the A-V node since the interval between the atrial stimulus 
and the initial deflection of atrial activation recorded from 
an area adjacent to the A-V node did not vary more than 3 
msec during digitalization, a change that is insignificant in 
comparison with the total A-V conduction time being mea- 
sured. 

A-V nodal refractory period: This period was deter- 
mined by pacing the right atrium with a continuous train of 
single successive stimuli for less than 6 seconds at a fixed 
rate. The cycle lengths for each train were reduced by 10 
msec decrements until A-V nodal Wenckebach block oc- 
curred and 1:1 A-V conduction was no longer possible. De- 
termined in this manner, the fastest atrial driving rate that 
allowed 1:1 A-V conduction without manifesting Wencke- 
bach block—that is, the shortest His-His spike interval— 
was defined as the measure of the A-V nodal refractory pe- 
riod. To minimize the frequency-dependent phenomenon 
of A-V nodal transmission described as “fatigue,”!8 the 
span of the individual pacing trains was limited to 10 to 20 
cycles. The A-V nodal refractory period measured by this 
method is analogous to the functional refractory period of 
the A-V node and has been shown to correlate with the 
functional refractory period of the A-V node determined by 
the extrastimulus method coupled to atrial pacing.!? The 
present method was chosen to simulate the clinical situa- 
tion (that is, atrial tachycardia or flutter) during which the 
A-V node is continuously subjected to rapid impulses at 
constant time intervals rather than stimulated intermit- 
tently by isolated premature impulses. The atrial refracto- 


ry period may exceed the A-V nodal refractory period at a 
greater than toxic dose of acetylstrophanthidin?? but in no 
instance was this phenomenon observed at the dose used in 
this study. 

Subtoxic acetylstrophanthidin dose: It is not possible 
to record contractility indexes and S-H time at the ar- 
rhythmogenic toxic dose since the cycle lengths were not 
constant. For this reason, a maximal cumulative dose of 
acetylstrophanthidin that the animals tolerated without 
manifesting toxic arrhythmias was taken as the subtoxic 
dose. The arrhythmogenic toxic dose is only 5 ug/kg (one 
dose) more than the subtoxic dose defined here and may be 
in a practical sense interchangeable with the latter. 


Data Analysis 


To normalize for differences in the toxic dose within as 
well as between the experimental groups, the observed 
values in each animal were related to the time-related cu- 
mulative dose of acetylstrophanthidin, and the values de- 
rived from the dose-response curves corresponding to 0, 25, 
50, 75 and 100 percent of the subtoxic dose were subjected 
to statistical analysis. The dose-response data were as- 
sessed by analysis of variance (F) for simple linear regres- 
sion.2! Significance of the differences from the control 
values in each animal group and between the experimental 
groups was tested by appropriate t tests. 


Results 
Control Group (Pentobarbital) 


In the three dogs anesthetized with pentobarbital 
and not given acetylstrophanthidin, the changes in 
the indexes of contractility and atrioventricular con- 
duction over the time course (75 minutes) corre- 
sponding to the experimental studies were minimal. 
Thus, the maximal range of average dP/dt max and 
dP/dt-40 did not exceed 232 and 197 mm Hg/sec, re- 
spectively. The S-H time and A-V nodal refractory 
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period remained constant within the range of 5 and 3 
msec, respectively. In each dog, the left ventricular 
end-diastolic pressure varied no more than 2 mm Hg 
and the left ventricular systolic pressure no more 
than 15 mm Hg. 


Group | 


In this group the animals were without autonomic 
blockade (morphine anesthesia with supplemental 





pentobarbital) (Table I). Illustrative tracings and the 
results obtained in one of the animals are shown in 
Figures 2 and 3. After the first dose of acetylstro- 
phanthidin, dP/dt max and dP/dt-40 increased 
promptly and continued to increase to almost double 
the control value near the toxic dose. The S-H time 
and A-V nodal refractory period initially showed no 
change and then began to increase after two thirds of 
the subtoxic dose of acetylstrophanthidin was given. 
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FIGURE 2. Group |. Serial recordings from a representative animal without autonomic nervous blockade during administration of acetylstrophan- 
thidin (A. S.), 5 ug/kg every 5 minutes. Note the prompt and progressive increase in the maximal rate of rise of left ventricular pressure (dp/dt) 
with no change in A-V conduction time (S-H) until two thirds of the subtoxic dose of acetylstrophanthidin was given. Basic cycle length (S-S) — 
500 msec; ECG = electrocardiogram; H = His bundle potential; HBE = His bundle electrogram; L.V. — left ventricular; S — atrial pacing impulse. 
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The potential reserve of the A-V node to delay A-V 
conduction was evaluated in the control state by 
rapid atrial pacing. S-H time measured at the short- 
est cycle length that allowed 1:1 A-V conduction av- 
eraged 146 + 7 msec (mean + standard error of the 
mean), which is 54 percent greater than the control 
value (95 + 5 msec) at the basic cycle length of 500 
msec. Since contractility indexes demonstrated com- 
parable percentage increases in response to digitalis 
in this study, both contractility indexes and A-V con- 
duction variables were included in one diagram for 
comparative purposes (Fig. 4). 

Figure 4 shows the dose-response curves of con- 
tractile and conduction indexes expressed as percent- 
age increases plotted against the subtoxic dose of 
acetylstrophanthidin in all five dogs studied. dP/dt 
max, dP/dt-40 and S-H time were measured at the 
basic cycle length of 500 msec. Progressive increases 
in dose of digitalis resulted in a rapid and progressive 
rise in the contractility indexes in all animals. In- 
creases in dP/dt max and dP/dt-40 were linearly re- 
lated to the administered dose of acetylstrophanthi- 
din (F = 17.08, P <0.001; F = 10.12, P <0.005, re- 
spectively). At the subtoxic dose, acetylstrophanthi- 
din produced an increase in dP/dt max of 63 + 11 per- 
cent from the control value of 2,192 + 180 mm Hg/ 
sec and in dP/dt-40 by 50 + 16 percent above the 
control value of 1,737 + 95 mm Hg/sec. 

On the other hand, the S-H time remained nearly 
constant at less than 75 percent of the subtoxic dose. 
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FIGURE 3. Group |. Graphic representation of the results obtained 
from the dog illustrated in Figure 2. Junctional tachycardia (J. T.) and 
multiple premature ventricular beats (PVC's) developed after the 
eighth dose of acetylstrophanthidin (A. S.) which is one dose (5 ug/ 
kg) more than the subtoxic dose (seventh dose). AVRP = A-V nodal 
refractory period; dp/dt max — maximal rate of rise of left ventricu- 
lar pressure; dp/dt-40 — dp/dt at 40 mm Hg left ventricular pres- 
sure; S-H = atrial stimulus to His potential time. 
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At this dose, the average S-H time increased 6 + 3 
percent above the control value of 95 + 5 msec to 101 
+ 7 msec (0.05 <P «0.1). The A-V nodal refractory 
period increased from the control level of 190 + 3 
msec to 212 + 9 msec at the subtoxic dose (F = 10.11, 
P <0.005). This increase in the A-V nodal refractory 
period was minimal in the initial phase of digitaliza- 
tion, and a significant increase occurred at and above 
75 percent of the subtoxic dose of acetylstrophanthi- 
din (P «0.01). Both the S-H time and the A-V nodal 
refractory period tended to increase more rapidly just 
before the development of toxic arrhythmias. 

During the course of digitalis administration, the 
left ventricular end-diastolic pressure remained ei- 
ther constant or decreased, and the left ventricular 
systolic pressure tended to increase in all animals ex- 
cept one. The average cumulative dose required to 
produce toxicity in this group was 37 ug/kg. 


Group Il 


These animals underwent autonomic blockade 
(propranolol and atropine) (Table I, Fig. 5). In the 
control state before digitalis administration, the av- 
erage dP/dt max and dP/dt-40 were lower than 
values in the animals with intact autonomic system 
(Group I) or atropinized animals (Group III) because 
of the myocardial depressant effect of propranolol. 


I ANS INTACT 
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dp/dt 40 


S-H 


A : AVRP 


% CHANGE (Mean + SE) 





Control 25 50 75 100 


% SUBTOXIC DOSE OF A.S. 

FIGURE 4. Group |. Dogs with intact autonomic nervous system 
(ANS) (morphine anesthesia with supplemental pentobarbital). Aver- 
age percent changes + standard error (SE) in maximal rate of rise 
of left ventricular pressure (dp/dt max), dp/dt at 40 mm Hg left ven- 
tricular pressure (dp/dt 40), atrioventricular conduction time (S-H) 
and A-V nodal refractory period (AVRP) during administration of 
acetylstrophanthidin (A. S.). * = P «0.05, ** = P <0.01,' =P 
<0.1 compared with control values. The P values were computed in 
absolute units using paired t tests. 
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FIGURE 5. Group II. Autonomic blockade (propranolol and atropine). 


_ Conventions and abbreviations as in Figure 4. Note the initial de- 


creases in S-H time and A-V nodal refractory period. The marked 
percent increases in dp/dt max and dp/dt 40 at subtoxic doses are 
partly attributable to control values that were lower than in other 
groups. 


Digitalis administration promptly augmented con- 
tractility; a linear dose-related inotropic response 
was measured by dP/dt max (F = 29.83, P «0.001) 
- and dP/dt-40 (F = 36.35, P <0.001). At the subtoxic 
dose, dP/dt max increased 124 + 29 percent above 
the control value of 1,512 + 125 mm Hg/sec and dP/ 
dt-40 increased 101 + 14 percent above the control 
value of 1,342 + 104 mm Hg/sec. The larger percent- 
age increases in contractility indexes, approximately 
twice as great as those attained by other groups, were 
due in part to the lower control values and in part to 
the larger amount of acetylstrophanthidin required 
to produce toxicity (average 54 ug/kg). In absolute 
terms, the average dP/dt max and dP/dt-40 at the 
subtoxic dose of acetylstrophanthidin were 3,345 4 
. 894 mm and 2,689 + 247 mm Hg/sec, respectively. 
These values were not significantly different from 
those attained by the group without autonomic 
blockade (P »0.05). 

The control values for S-H time (111 + 4 msec) 
and A-V nodal refractory period (254 + 16 msec) ex- 
ceeded those of the animals with intact autonomic 
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FIGURE 6. Group Ill. Parasympathetic (PNS) blockade (atropine). 
Conventions and abbreviations as in Figure 4. There is no significant 
change in S-H time. The A-V nodal refractory period shows an early 
rise with a further increase when 75 percent of the subtoxic dose of 
acetylstrophanthidin is given. 


system (Group I) or given atropine (Group III) (P 
<0.05). This was attributed to the beta adrenergic 
blocking effect of propranolol on the A-V node which 
overrode the vagolytic effect of atropine. As digitalis 
administration progressed, the S-H time and A-V 
nodal refractory period tended to decrease until 50 
percent of the subtoxic dose was given and thereafter 
began to increase, but not above the control values 
even at the subtoxic dose (P >0.05). The decrease in 
the A-V nodal refractory period at 50 percent of the 
subtoxic dose was statistically significant compared 
with its control value (P <0.05). There was a poor 
linear regression between the administered dose of 
acetylstrophanthidin and both S-H time (F = 0.15, P 
= not significant) and A-V nodal refractory period (F 
= 0.01, P , not significant). 

To exclude the possibility that propranolol maxi- 
mally blocked the A-V node to preclude a further re- 
sponse to acetylstrophanthidin, the S-H time was 
also measured in each dog in the control state (before 
administration of digitalis but after administration of 
propranolol and atropine) at the shortest cycle 
lengths that allowed 1:1 A-V conduction. The results 
showed that rapid atrial pacing alone prolonged S-H 
time to 181 + 6 msec, a value 63 percent greater than 
that obtained at the basic cycle length of 500 msec. 

Digitalis administration resulted in a progressive 
decrease in left ventricular end-diastolic pressure in 
four animals and no change in one animal; peak sys- 
tolic pressure increased in all. 


Group Ill 


These animals had parasympathetic blockade (at- 
ropine) (Table I, Fig. 6). The average control values 
of dP/dt max and dP/dt-40 in the animals given atro- 
pine were greater than those of the other two experi- 
mental groups. Since the administration of atropine 
(0.05 mg/kg) resulted in variable responses (dP/dt 
max and dP/dt-40 decreased in three dogs, increased 
in one dog and did not change in one dog), the higher 
control values were not attributable to a vagolytic ef- 
fect as such on myocardial contractility. 

After the administration of acetylstrophanthidin, 
the slopes of the dose-response curves of dP/dt max 
and dP/dt-40 were essentially similar in absolute 
terms to those noted in animals with or without auto- 
nomic blockade. A significant linear regression exist- 
ed between the time-related dose versus dP/dt max 
(F = 10.62, P <0.005) and dP/dt-40 (F = 26.35, P 
<0.001). At the subtoxic dose, dP/dt max increased 
by 53 + 17 percent from a control value of 3,131 + 
363 mm Hg/sec, and dP/dt-40 by 49 + 11 percent 
from a control value of 2,317 + 132 mm Hg/sec. 

The S-H time and A-V nodal refractory period in 
the control state were less than those values recorded 
in animals without autonomic blockade (Group I), 
but the differences did not reach statistical signifi- 
cance. During digitalis administration, the increase in 
S.H time, from 89 + 4 msec to 92 + 5 msec, was not 
statistically significant. Although changes in the A-V 
nodal refractory period after administration of the 
drug related to the cumulative dose (F = 21.55, P 
<0.001), the small increase noted at 25 percent of the 
subtoxic dose, 4 + 1 percent above a control value of 
180 + 3 msec (P <0.005), remained unchanged until 
75 percent of the subtoxic dose was administered. At 
and above the latter dosage, there was a rise to a 
maximum of 204 + 5 msec, a 14 + 4 percent increase 
above the control value. 

Left ventricular systolic pressure increased and left 
ventricular end-diastolic pressure decreased or re- 
mained unchanged in all animals. The average cumu- 
lative dose of acetylstrophanthidin was 39 ug/kg. 


Discussion 
Inotropic Action of Acetylstrophanthidin 


Maximal dP/dt is well established as a sensitive in- 
dicator of acute variations in the inotropic state of 
the intact heart, provided heart rate, preload and af- 
terload are held constant”? or when its measurement 
is interpreted with appraisal of these hemodynamic 
variables.23 In this study heart rate was fixed, left 
ventricular end-diastolic pressure either remained 
constant or tended to decrease and ventricular peak 
systolic pressure showed a variable increase. Thus, 
the progressive increase in maximal dP/dt can be in- 
terpreted to indicate an enhanced inotropic state. 
Since the variable increase in left ventricular systolic 
pressure could contribute to the increase in maximal 
dP/dt, the first derivative of left ventricular pressure 
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was measured at 40 mm Hg of developed left ventric- 
ular pressure, that is, dP/dt-40, to provide an addi- 
tional index of contractility independent of outflow 
impedance.!72223 In all animals, dP/dt-40 occurred 
at a point lower than dP/dt max on the first deriva- 
tive curve and, therefore, was not conditioned by 
variation in mean aortic pressure or by the timing of - 
aortic valve opening. 

This study confirms that the onset of the inotropic - 
effect of acetylstrophanthidin is rapidly manifested 
within a few minutes of drug administration and that 
there is progressive augmentation in contractility 
corresponding to the dose administered. Such a dose- 
related linear increase in myocardial contractility has 
been demonstrated in isolated cat papillary muscle?*; 
in anesthetized animals receiving acetylstrophanthi- 
din,? ouabain?4?5 and digoxin*; and in man given 
ouabain.! Since digitalis augments contractility more 
in anesthetized animals than in awake animals,? our . 
results may reflect to some extent an exaggerated re- 
sponse. However, there is no convincing evidence in 
the awake dog or in man that precludes the retention - 
of the linearly dose-related inotropic response to dig- 
italis. 


Autonomic Nervous System and Inotropic 
Action of Digitalis 


Experimentally it can be demonstrated that digi- - 
talis activates the carotid sinus baroreceptors to re- 
flexly withdraw sympathetic nerve traffic to the 
heart.29 This decrease in sympathetic tone reduces 
the contractile force of the heart to counteract the . 
enhanced inotropic state expected as a direct result 
of digitalis. In competition with this indirect reflex 
withdrawal of cardiac sympathetic stimulation, digi- — 
talis directly increases electrical activity in the cardi- - 
ac sympathetic nerves.?" If the described reflex sym- 
pathetic withdrawal?928 or stimulatory effect of digi- 
talis on the sympathetic nerves were hemodynami- 
cally significant, one would expect directionally dif- 
ferent inotropic responses depending upon the exist- 
ing autonomic tone. Failure in our study and others? - 
conducted in awake dogs to disclose such differential 
effects under various autonomic interventions 
suggests that the modification of the direct inotropic 
effect of digitalis by the autonomic nervous system, if 
present, must be small. 

In this study, dogs with autonomic blockade 
showed the lowest mean contractile indexes in the 
control state, but acetylstrophanthidin increased 
contractility in these animals to values attained by 
the group with an intact autonomic nervous system. 
This finding agrees with results from studies in which 
total exclusion of the autonomic nervous system and 
beta receptor blockade?»?929 had no effect on the in- 
otropic action of cardiac glycosides on the heart, 
thereby supporting the conclusion that the inotropic 
action of digitalis does not depend upon myocardial 
norepinephrine release. Thus, in this study, the 
proportionate and linear increase of both dP/dt max 
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. and dP/dt-40 in all animals with or without auto- 
nomic blockade corroborates previous data indicating 
that the major inotropic action of digitalis is inde- 
. pendent of the influence of the autonomic system. 


_ Interactions of Digitalis and Autonomic Nervous 
System on A-V Conduction 


That digitalis exerts both a vagal and an extravagal 
effect on A-V conduction and refractoriness has been 
. known since 1939 when Gold et al. demonstrated 
that atropine attenuated but did not completely im- 
pair the ability of digitalis to slow the ventricular re- 
sponse to atrial fibrillation; the vagal mediation of 
digitalis on the A-V node has been confirmed in ex- 
perimental animals.?.!! 

In this study, the A-V nodal refractory period mea- 
sured in animals with an intact autonomic nervous 

system exceeded that measured in atropinized ani- 
 . mals at the subtoxic dose of acetylstrophanthidin. 
However, the slopes of the dose-response curves of 
the A-V nodal refractory period to digitalis were sim- 
ilar in the two groups. To circumvent the possibility 
-that a parasympathetic blocking effect of the supple- 
mental pentobarbital might blunt a discriminatory 
. response between animals in Group I and Group III, 
. the experiment was also carried out under chloralose 
 anesthesia,?! but the results were not different and 
therefore not included (unpublished data). The ap- 
parent discrepancy between this study and previous 
investigations that demonstrated a more impressive 
vagal effect of digitalis on A-V nodal refractory peri- 
od in the awake state!!! may be explained by the 
difference in the type and amount of digitalis used 
and by the fact that heightened vagal tone might 
characterize the awake state during the catheteriza- 
tion procedure. Nevertheless, the absolute increase in 
the average S-H time in animals with intact auto- 
nomic system was more than twice that in atropin- 
ized animals, a finding that suggests a vagally me- 
diated digitalis effect. 

The extravagal action of digitalis in slowing A-V 
conduction and prolonging the refractory period of 
the A-V node is equally well established. Thus, Men- 
dez et al.? demonstrated a significant prolongation in 
the refractory period of the A-V node when digitalis 
was administered to vagotomized dogs. When the 
-same animals were subjected not only to vagotomy 
but also to sympathetic denervation and adrenal liga- 
tion, thus totally eliminating the autonomic nervous 
system, digitalis did not prolong the refractory period 
until nearly lethal amounts of the drug were adminis- 
tered. Schaal et al.!! confirmed that extravagal action 
of digitalis was an antiadrenergic effect by demon- 
strating no direct effect of the glycoside on A-V nodal 
refractoriness in awake dogs that were chronically 
denervated. 

In our animals in Group II with pharmacologic au- 
tonomic nervous system blockade, acetylstrophanthi- 
din failed, even in toxic doses, to increase S-H time or 
prolong A-V nodal refractory period. This observa- 
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tion, particularly apparent when comparisons are 
made of the dose-response curves of A-V nodal re- 
fractory period in animals in Group I (Fig. 4) and 
Group III (Fig. 6) as contrasted with those in Group 
II (Fig. 5), supports the conclusion cited, that in sub- 
toxic doses the effect of digitalis on the A-V node is 
mediated almost entirely by the autonomic nervous 
system. The conceivable argument that digitalis 
could not prolong S-H time or A-V nodal refractory 
period beyond a maximum already resulting from the 
administration of propranolol to animals in Group II 
is untenable since each animal manifested, both in 
the control state and during progressive digitaliza- 
tion, a much longer S-H time in response to rapid 
atrial pacing. An interesting finding in the same 
group of pharmacologically denervated animals was 
that the S-H time and A-V nodal refractory period 
tended to decrease in response to digitalis until 50 
percent of the subtoxic dose was given. The mecha- 
nism of this paradoxical response, which has been re- 
ported in previous studies of surgically denervated 
dogs,?:!! remains unexplained. 


Dissociation of Inotropic and Dromotropic 
Effects of Digitalis 


This investigation demonstrates a temporal dis- 
crepancy between the inotropic effect of digitalis and 
its effect on the A-V transmission system. Specifical- 
ly, contractility increases in response to small doses 
of digitalis; the time-related dose-response curve of 
contractile state is linearly correlated with the cumu- 
lative digitalis dosage and independent of autonomic 


influences. In contrast, digitalis effect on A-V nodal 


conduction and refractoriness is minimal at less than 
90 percent of the toxic dose; in a subtoxic dose, the 
effect appears to be entirely dependent upon the in- 
teraction between digitalis and the autonomic ner- 
vous system. 

Ostensibly, the differential effect of digitalis on 
A-V nodal conduction variables and ventricular con- 
tractility might be related to latency in A-V nodal 
binding of digitalis or to a lag in A-V nodal expres- 
sion of digitalis effect. To test this hypothesis, a sepa- 
rate experiment was conducted: The A-V nodal re- 
fractory period was measured after the administra- 
tion of a sufficiently large bolus injection of acetyl- 
strophanthidin (25 yug/kg) to produce ventricular 
tachycardia. (It was possible in many animals to mea- 
sure A-V nodal refractory period despite ventricular 
tachycardia employing rapid atrial pacing at even 
more rapid rates that still permitted 1:1 A-V conduc- 
tion.) The A-V nodal refractory period promptly in- 
creased to reach a plateau within a few minutes with- 
out further increment when acetylstrophanthidin 
was withheld. Thus, latency is not involved in the 
dissociation between the dromotropic and inotropic 
effects of digitalis. 

There is no a priori reason to anticipate a more di- 
rect correlation between the response of the ventricle 
and the A-V node to digitalis. First, the drug is acting 
on two separate anatomic structures of different cell 


function. Second, as emphasized by this investiga- 
tion, digitalis acts directly on the ventricular contrac- 
tile mechanism but indirectly by way of the auto- 
nomic nervous system on the A-V node. Third, previ- 
ous studies have indicated that the electrophysio- 
logic effects of digitalis on the ventricle are mediated 
by a mechanism differing from its effect on the ino- 
tropic state of the same tissue.” 


Clinical Implication 


Direct application of these findings to the clinical 
setting requires considerable caution because of the 
many differences between the open chest anesthe- 
tized animal and the patient under various physiolog- 
ic stresses. Nevertheless, our study does suggest sev- 
eral important clinical considerations. First, the opti- 
mal dose of digitalis for treating congestive heart fail- 
ure may be different from that required for treat- 
ment of supraventricular tachycardias; in the former, 
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a linear dose-related response may be expected, 
whereas in the latter a near toxic dose might be re- 
quired for the desired A-V blocking effect, depending 
upon autonomic tone. Second, in the treatment of su- 
praventricular tachycardias, the addition of choliner- 


gic agents will enhance the blocking effect of digitalis 


on the A-V node.® However, digitalis in the absence 


of vagal influence may not produce further beneficial | 
effect when added to beta receptor blocking agents. - 


Furthermore, inadequate doses of digitalis might fa- 
cilitate A-V conduction in such patients if the phe- 
nomenon shown in Figure 5 were to occur clinically. 


Third, the serum level of digitalis may be more useful . 


in estimating the degree of enhanced contractile state 
than as a predictor of the degree of its blocking effect 


on the A-V node because the latter effect is predomi- 


nantly determined by the level of existing autonomic 
tone, which varies under different physiologic 
stresses. 
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Conventionally mounted X-ray systems for coronary cinearteriography 
limit angulation of the X-ray beam to the transverse plane of the pa- 
tient, and use of the motorized cradle restricts rotation to 60? to 70°. 
These limitations of available projections seriously hamper adequate 
examination of the coronary arteries. With use of the Siemen's Cardo- 
skop-U, which was designed to overcome this problem, the coronary 
arteries of 100 consecutive patients were examined with standard 
oblique projections, and in addition with cranial and caudal angulated 
oblique and 110° oblique projections. These arteriograms were inde- 
pendently examined by two expert observers. In approximately 20 per- 
cent of patients the additional views unmasked lesions that would oth- 
erwise have been missed. In a further 34 percent the diagnosis was 
significantly improved because the full extent of a lesion was revealed, 
overlap of branches was avoided or the degree of an eccentric steno- 
sis was upgraded. In 4 of 12 patients with apparently normal arterio- 
grams in standard projections, lesions were unmasked by the addition- 
al views. 


Selective coronary cinearteriography has greatly contributed to in- 
creased accuracy in diagnosis and improved management of coronary 
artery disease. The enhanced contrast and resolution provided by the 
recently introduced cesium-iodide image intensifier have improved 
visualization of fine detail. Most of the X-ray systems previously 
available for coronary cinearteriography have used a standard 
mounting, with the X-ray tube below and the image intensifier above 
the table top, allowing projections only in the transverse plane of the 
patient. Use of the motorized cradle further limits the obliquity of 
these projections to 60? to 709. 

Like others,!-* we are concerned that this limitation of projections, 
particularly to the transverse plane of the patient, seriously hampers 
adequate visualization of the coronary arterial tree. In the left coro- 
nary artery the proximal portion of the left anterior descending and 
diagonal branches may be markedly foreshortened in the left anterior 
oblique projections, and the same vessels may be obscured by overlap 
in right anterior oblique projections. This is particularly true in a 
heart lying transversely within the chest or one with left ventricular 
enlargement. In the right coronary artery the distal vessel and the or- 
igin of posterior interventricular and acute (right) marginal branches 
are often also poorly demonstrated. Eccentric lesions in any region 
may be seriously underestimated if viewed in only one projection. 

C arm systems allow cranial and caudal angulation of the X-ray 
beam but are awkward to use and are limited in the degree of angula- 


FIGURE I. Photographs of the unit in op- 
eration. a, zero position of the table and 
image intensifier for posteroanterior fluo- 
roscopy. The patient's arms are above 
the head allowing the image intensifier to 
be kept close to the chest wall. b, 110? 
right oblique position. The U arm has 
been rotated 110° to the patient's right. 
c, 50? left oblique position with a 30? 
clockwise turn of the table base through 
the isocentric cardiac axis gives a crani- 
al projection. d, a 45? rotation of the pa- 
tient on the table support swings the pa- 
tient out from the image intensifier for 
physiologic studies or cardiac resuscita- 
tion. 


tion. In addition, the inherent structural instability 
of the C arm compromises optimal use of a high reso- 
lution image intensifier mainly because of vibration 
during operation of the cinecamera. Because of the 
inadequacy of existing systems, the Siemens Cardo- 
skop-U was designed for us to permit a multiprojec- 
tional approach to the heart. This machine combines 
a U arm-mounted image intensifier with a table capa- 
ble of rotating horizontally about the isocentric car- 
diac axis and has been in clinical use at the Toronto 
General Hospital since June 1973. Some of our early 
clinical experiences with this equipment have already 
been reported.? 'This paper presents the results of 100 
consecutive coronary cinearteriograms obtained with 
the Cardoskop-U, independently assessed by two ex- 
perienced observers and analyzed to determine im- 
provement of diagnosis through the use of additional 
(cranial, caudal and 110? oblique) projections as well 
as standard projections in the transverse plane. 


Material and Methods 


Selective coronary cinearteriograms were obtained in 100 
consecutive patients with established or suspected coro- 
nary artery disease; the Judkins technique was used in 98, 
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the Sones technique in 2. A Siemens Cardoskop-U (Fig. 1a) 
was used. This mounts a 7 inch high resolution image in- 
tensifier (Sirecon 17H®, Siemens) on a sturdy floor-mount- 
ed motorized U arm capable of rotating in the transverse 
plane of the patient about the isocentrically placed heart to 
110? from the neutral (posteroanterior) position (Fig. 1b). 
The table turns at the base about the isocentric axis + 100? 
from the neutral position (Fig. 1c). In addition, the table 
top may be rotated to +90° and —45? on the table support 
to swing the patient out from the isocentric point in case of 
cardiac arrest or for convenience in carrying out nonradio- 
logic procedures (Fig. 1d). 

Hand injections of 3 to 5 ml of contrast material (Reno- 
grafin 76 percent?, Squibb) were used. The arteriograms 
were recorded on a 35 mm cine film at 30 frames/sec using 
an Arriflex camera. Either Agfa-Gevaert RPI or Dupont 
SF2 film was used and developed in a Combilabor® (Oude 
Delft, Netherlands) processor to a gamma level of 1.7. The 
frame exposure was 15 microroentgens on the image inten- 
sifier surface. 


Definition of Projections 


'To avoid confusion between the rotational movements of 
the U arm and table base, these have been redefined as fol- 
lows: 

The movement of the U arm in the transverse plane is 
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(b) 


defined by the angular position of the image intensifier to 
the patient’s left or right of the neutral or 0° (posteroanter- 


jor) position (Fig. 2a). The terms “anterior” and *posteri- 


D. 


4 


or” have been avoided. Thus, if the image intensifier is ro- 
tated 110° to the patient’s left, this is referred to as a 110° 
left oblique position which, in conventional terminology, is 


a 70° left posterior oblique position. 


The horizontal rotation of the table at its base about 


_ the isocentric cardiac point is defined as clockwise or anti- 


clockwise (Fig. 2b). Thus, when the image intensifier is in 


_ the left oblique position a clockwise turn of the table base 


gives a cranial projection and an anticlockwise turn of the 


_ table base a caudal projection. When the image intensifier 


is in the right oblique position a clockwise turn of the table 
base gives a caudal projection and an anticlockwise turn a 


. TABLE I 


t 


Projections Used in 100 Coronary Arteriograms 





Right Coronary Artery Left Coronary Artery 





Standard Projections 





1. 30° left oblique 
2. 50° left oblique 
3. 60° right oblique 


1. 50°—60° left oblique 
2. 30° right oblique 
3. 60° right oblique 





Additional Projections 





4. 110° right oblique 

5. 50° left oblique 
25°—30° anticlockwise 
(caudal projection) 


4.90°—110° left oblique 

5. 50° left oblique 
25°—30° clockwise 
(cranial projection) 





See text for explanation of terms. 


TABLE II 


The Effect of Additional Views on Overall Assessment 
of 100 Coronary Arteriograms 








Assessment Observer A Observer B 
Normal 8 8 
Unchanged 37 39 
Improved 33 34 
Unmasked 22 19 
Total 100 100 





See text for explanation of terms. 
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FIGURE 2. Rotational movements 
of U arm and table base. a, range 
of image intensifier movement to 
110? right (R) or left (L) of the 
zero (0) position. b, range of rota- 
tion of table base through the iso- 
centric cardiac axis to 1009 
clockwise (C) and anticlockwise 
(A) from the zero (0) table posi- 
tion. With a clockwise turn of the 
table base (a), rotation of the 
image intensifier to the left gives a 
cranial projection, and rotation to 
the right a caudal projection. With 
the image intensifier rotated to the 
right (b), a clockwise turn of the 
table base gives a caudal projec- 
tion, and an anticlockwise turn a 
cranial projection. Arrow at the 
isocentric point denotes the direc- 
O tion of the X-ray beam. 





cranial projection. The projections used in the 100 patients 
examined are shown in Table I. 


Analysis of Arteriograms 


The coronary arteriograms in 100 consecutive patients 
were independently assessed by two experienced observers. 
The coronary arterial tree was subdivided anatomically as 
follows: (1) main left coronary artery, (2) proximal left an- 
terior descending coronary artery, (3) diagonal branches, 
(4) circumflex coronary artery, (5) obtuse (left) marginal 
branches, (6) right coronary artery, (7) acute (right) mar- 
ginal branch and (8) posterior interventricular branch. 

Each of these subdivisions was analyzed in the standard 
views, and the effect of the additional views on this assess- 
ment recorded as follows: 

1. Normal: when no significant abnormality was seen in 
any projection. 

2. Unchanged: when assessment was not altered in the 
light of additional views. 


TABLE lil 


Effect of Additional Projections on Assessment of Lesions 
in Different Anatomic Subdivisions in 100 Coronary Arteriograms 





Assessment by Assessment by 





Observer A Observer B 
Un- Im- Un- Un- Im- Un- 
Artery changed proved masked changed proved masked 
Main left 4 0 0 4 0 0 
coronary 
Proximal left 60 30 2 58 30 2 
anterior 
descending 
Diagonals 29 20 12 35 20 12 
Circumflex 39 6 1 39 6 1 
Obtuse (left) 44 7 1 45 6 3 
marginal 
branch 
Right coro- 50 4 0 51 4 0 
nary 
Acute (right) 20 6 8 23 9 7 
marginal 
branch 
Posterior 22 10 0 25 11 0 
interven- 
tricular 
branch 


See text for explanation of terms. 


3. Improved: when the additional views provided a bet- 
ter display of lesions, permitting their full length to be 
seen, providing freedom from overlap or permitting 
upgrading of the severity of a stenosis. 

4. Unmasked: when the additional views revealed lesions 
not visible on the standard projections. 


FIGURE 3. Left coronary artery. 
a, 60° right oblique view. There is 
a 50 percent stenosis in the mid 
circumflex artery. The proximal 
left anterior descending and first 
diagonal branches overlap. b, 50° 
left oblique view. The proximal left 
anterior descending, first diagonal, 
proximal circumflex and proximal- 
ly arising obtuse (left) marginal 
vessels are overlapped and 
foreshortened. c, the 110° left 
oblique view with a 30° clockwise 
turn of the table base (cranial an- 
gulation) clearly shows a 75 per- 
cent stenosis in the proximal left 
anterior descending artery and un- 
masks a severe stenosis at the 
origin of the circumflex artery. d, 
50° left oblique view with a 30° 
clockwise turn of the table base 
(cranial angulation) again shows 
the two severe lesions in the 
proximal left anterior descending 
and the severe lesions in the ori- 
gin of the circumflex arteries. In 
addition, a severe stenosis at the 
division of a large intermediate 
vessel into two major branches is 
unmasked. 
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FIGURE 4. Left coronary artery. 
a, 60° right oblique view showing d 
a 75 percent stenosis in the proxi- 
mal left anterior descending artery 
and apparently minor lesions in 
the proximal circumflex artery. b, 
50? left oblique view. The circum- 
flex lesions appear to be more se- 
vere (50 percent stenosis) in this 
projection. c, 110? left oblique 
view. Both the left anterior de- 
scending and circumflex lesions 
appear still more severe (eccen- 
tric lesions). d, 50? left oblique 
view with a 30? clockwise turn of 
the table base (cranial angulation). 
The stenosis in the left anterior 
descending artery now appears to 
be extremely severe (90 percent). 
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Results 


Value of additional views: Table II shows the ef- 
fect of the additional views on the overall assessment 
of the 100 arteriograms. Arteriograms were judged 
normal in eight patients. In 37 patients, as judged by 
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observer A, and 39, as judged by observer B, the ad- 
ditional views afforded no extra diagnostic help. 
- However, in 33 patients (observer A) and 34 patients 
(observer B) a more accurate display of the lesions 
was seen. In 22 patients (observer A) and 19 patients 
(observer B) the new views demonstrated lesions that 
. were not seen in the standard transverse axial projec- 
tions. 

Table III shows the site of the lesions and the re- 
sults of assessment by both observers. The additional 





FIGURE 5. Right coronary artery. a, 50? left oblique view. There are 
50 percent stenoses in the mid-right coronary artery and in the seg- 
ment proximal to the posterior interventricular branch. b, 60? right 
oblique view. The distal right coronary arterial lesions are foreshort- 
ened and not well seen. c, 110? right oblique view with a 10? anti- 
clockwise turn of the table base (cranial angulation) clears the distal 
right coronary artery from the diaphragm and unmasks a severe ste- 
nosis at the origin of the posterior interventricular branch. 


views were the only ones to show lesions in diagonal 
branches in 12 patients (both observers) and in the 
acute marginal branch in 7 patients (observer B) and 
8 patients (observer A). The additional views were 
believed to permit a more accurate assessment of the 
severity of the disease in all areas in some patients, 
and particularly in the proximal left anterior de- 
scending coronary artery (30 patients by both observ- 
ers) and diagonal branches (20 patients by both ob- 
servers). 

'Twelve patients had arteriograms considered to be 
normal in the standard projections; in eight the addi- 
tional views also appeared normal, but in four pa- 
tients lesions were unmasked (both observers). These 
lesions were in both the proximal anterior descending 
and diagonal branches in two patients, in a diagonal 
branch in the third and in the acute (right) marginal 
branch in the fourth. 

Optimal projections for diagnosis: Lesions in 
the proximal left anterior descending and diagonal 
branches were seen well in a 50? left oblique view 
with a 25? to 30? clockwise turn of the table base 
(cranial projection) (Fig. 3d and 4d). The degree of 
left oblique rotation may have to be varied slightly to 
prevent overlap by the diaphragm or the spine. Occa- 
sionally a 90? or 110? left oblique view delineated le- 
sions in the midportion of the anterior descending 
coronary artery more efficiently than did the stan- 
dard right anterior oblique views. 

The circumflex coronary artery and obtuse (left) 
marginal branches were seen well in either a 50? left 
oblique view with a 30? clockwise turn of the table 
base (cranial projection) (Fig. 3d and 4d) or in a 110? 
left oblique projection (Fig. 4c). In some patients a 
110? left oblique projection still resulted in foreshort- 
ening of the proximal portion of these vessels and a 
25? to 30? clockwise turn of the table base (cranial 
projection, Fig. 3c) had to be added to demonstrate 
the proximal circumflex system more clearly. 

The right coronary artery, acute (right) marginal 
and posterior interventricular branches were dem- 
onstrated well in a 110? right oblique projection. If 
the diaphragm obscured the distal portion of the 
right coronary artery in the 110? right oblique view, 
then a 5? to 15? anticlockwise turn of the table base 
added a cranial angle sufficient to clear the dia- 
phragm from this portion of the right coronary artery 
(Fig. 5c). Sometimes a 30? left oblique projection 
with a 25? anticlockwise turn of the table base (caud- 
al projection) would display the distal right coronary 
system more efficiently, especially when the Sones 
technique was used and the arm board limited rota- 
tion of the U arm to about 80°. 

Interobserver error: The interpretation of 20 
randomly selected examinations was analyzed for in- 
terobserver error. In 19 of the 20 the overall interpre- 
tation with regard to the value of additional views 
(that is, “unchanged,” “improved” or *unmasked") 
was the same for both observers. In the 20 arterio- 
grams lesions were observed in 111 anatomic subdivi- 
sions (there were eight anatomic subdivisions per pa- 


tient as previously described). Both observers agreed 
in their assessment in 97 of the 111 subdivisions. 


Discussion 


Our experience with selective coronary cinearteri- 
ography since 1960 led us to believe that the standard 
oblique projections obtained with conventionally 
mounted imaging intensification systems in use for 
cardiovascular examinations do not provide the most 
accurate diagnostic information. Our efforts com- 
mencing in 1971 to obtain an imaging system of easy 
maneuverability capable of providing cranial and 
caudal angulation resulted in the Cardoskop-U. This 
unit has been in clinical use in our laboratory since 
June 1973 and more than 1,100 patients have been 
studied. From this experience and from the analysis 
of 100 consecutive selective coronary cinearteri- 
ograms described here, we believe that routine use of 
cranial and caudal angulation as well as 90° and 110° 
oblique projections improves diagnosis in a signifi- 
cant number of patients. 

Our work parallels and extends that of others.!?^^ 
Bunnell et al.! and Sos et al.* using serial film chang- 
ers have described oblique projections with caudal 
and cranial angulation, respectively, for proximal left 
- coronary branches, and L’Esperance et al.? have used 
a C arm cine system with cranial and caudal angula- 
tion in the sagittal plane. Bunnell et al.! attained ma- 
terial improvement of assessment of proximal left 
coronary branches in 33 of 72 coronary arteriograms. 

Terminology: Previous workers have used the 
terms half axial,! lordotic and sagittal angulation? to 
describe the projections used. We prefer to call these 
projections cranial and caudal oblique, specifying the 
side of the patient from which the heart is viewed 
and indicating the direction in which the X-ray beam 
is angled. We have derived our terminology from 
practical use of the Cardoskop-U, and it is important 
to realize that this terminology is unconventional in 
two respects: (1) The angles specified refer to the 
movement of components of the Cardoskop-U, not to 
the amount of angulation of the X-ray beam with re- 
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spect to the patient. Thus the 50? left oblique view 
(U arm rotation) with a 30? clockwise turn of the 
table base (cranial angulation) in fact angles the 
beam 46? to the left of the patient in the transverse 
plane and 31? cranially in the sagittal plane. In con- 
ventional terminology this is therefore a 46? left an- 
terior oblique view with 31? cranial angulation. (2) As 
already described, we have abandoned the terms an- 
terior and posterior with respect to oblique projec- 
tions in the transverse plane and use simply right or 
left oblique from 0? to 110?. 

Advantages of unit: With the Cardoskop-U mul- 
tiple projections with cranial or caudal angulation are . 
achieved rapidly and easily with minimal disturbance 
of the patient. The stability of the unit allows opti- 
mal utilization of the high resolution of the image in- 
tensifier when the cine camera is operating. The 7 
inch image intensifier covers an area approximately : 
35 percent greater than that covered by a 6 inch in- 
tensifier. By not overframing, it is possible to include 
the whole coronary system in the radiographic field 
without panning in 85 percent of patients, and com- 
plete information can usually be obtained with five 
projections of the left coronary artery (Table I) and 
three projections of the right coronary artery (50° 
left, 60° and 110? right oblique). If these views do not 
provide sufficient information, individual projections 
can be determined for different parts of the coronary 
arterial tree. This is done during fluoroscopy with ad- 
justments of the angulation of the U arm and of the 
table on the basis of small test injections of contrast 
material. 

Clinical implications: Failure to obtain more per- 
pendicular projections of the coronary arteries may 
explain some of the reported discrepancies between . 
arteriographic and postmortem findings.^6 It may 
well be necessary to redefine an adequate selective 
coronary arteriographic study. Apparently normal 
coronary arteriograms in patients with ischemic chest 
pain should be interpreted with caution when only 
standard projections are used, and studies of the nat- 
ural history of coronary artery disease based on such 
arteriograms may be suspect. 
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Clinical 16 mm cinefluorography and 70 mm camera fluorography were 
compared in 30 unselected patients undergoing coronary arteriogra- 
phy. Accuracy in detecting coronary arterial stenosis and collateral 
vessels and in assessing the degree of stenosis was similar with the 
two techniques. With both methods, there were significant inter- and 
intraobserver differences in estimating the degree of stenosis. These 
differences indicate that coronary arteriography is only a semiquantita- 
tive method for making decisions about treatment, prognosis and fol- 
low-up of patients. The use of more than one observer increases the 
likelihood that stenotic lesions will be detected. Interobserver variation 
in detecting collateral circulation is small. 


The most commonly used recording system in coronary arteriography 
is cinefluorography of the output screen of image intensifiers, but 
camera fluorography using 70 and 105 mm film has also been used. 
Although the merits of the two systems have been discussed,!-4 the 
techniques have not been directly compared. It is unclear whether 
one system is superior to the other or whether both systems are need- 
ed to obtain optimal clinical information. In this investigation we 
studied observer performance in assessing coronary arterial stenosis 
from the diagnostic information provided by 16 mm cinefluorography 
and 70 mm camera fluorography in coronary arteriography. 


Materials and Methods 


Thirty unselected patients admitted for evaluation of coronary artery dis- 
ease were studied by arteriography; they were 26 men and 4 women aged 27 
to 69 years. 

The Judkins technique for selective coronary catheterization was used.? In 
all patients the left and the right coronary arteries were studied in the right 
anterior oblique and left anterior oblique projections. Additional views were 
obtained as deemed necessary after review of the videotape recordings. In all, 
there were 150 coronary cinearteriograms. In 42 instances 70 mm films of the 
left coronary artery were obtained in the right or left anterior oblique projec- 
tions with the catheter and the patient in the same position as for the cine- 
fluorographic recordings. In 32 instances 70 mm recordings of the right coro- 
nary artery were similarly obtained. 

The same 7 inch cesium-iodide image intensifier and 0.6 mm focal spot 
tube were used for both the cinefluorographic and the 70 mm recordings. Ex- 
posure factors for the 16 mm cine film at 50 frames/sec were 70 to 100 kilo- 
volts (kv) and 8 milliroentgens (mR)/frame. The 70 mm camera was operated 
at 4 frames/sec with exposure factors of 70 to 100 kv and 80 mR/frame. The 
dose of contrast medium (4 to 10 ml of Renografin$, 76 percent) was kept 
constant for both injections, and the rate of the manual injections was kept 
as constant as possible. 

The 16 mm cine films and the 70 mm films of comparable injections were 
viewed independently and in random order without knowledge of the pa- 
tients by four trained staff members who had more than 3 years' experience 
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FIGURE 1. Comparison between estimates of coronary arterial stenosis in the official report and by four independent observers using 16 mm 
cine film (A) and 70 mm films (B). SEE = standard error of estimate. Figures in circles indicate instances of report-observer agreement on 0 _ 
percent stenosis (46) and on 100 percent stenosis (63 and 64, respectively, for the two film techniques). 


in coronary angiography. They studied each recording of a 
coronary artery separately, assessing the location of coro- 
nary arterial stenosis and the degree of stenosis (expressed 
as percent reduction in luminal diameter) and collateral 
circulation if present. The 70 mm films were viewed first, 
and the 16 mm recordings 2 months later. After another 2 
months, each observer again evaluated the 70 mm record- 
ings in five patients and the 16 mm recording in five pa- 
tients. In addition, one observer used a magnifying measur- 
ing device to measure 29 stenoses in the coronary arteries 
as seen in the 70 mm films. The measurements were made 
with an accuracy of 0.1 mm. | 

The official report on the patients from the Department 
of Radiology was used as a measure of the “true” presence 
and degree of stenosis. This report is a product of a careful 
simultaneous evaluation of the films by three or four ob- 
servers, including both radiologists and cardiologists with 3 
to 16 years' experience in coronary arteriography. It can be 
considered an independent panel decision and its estimates 
are probably closer to the truth than those of the individual 
observers, although it is still dependent upon the variable 
under study. 


Results 
Coronary Stenosis 


Detectability: There was generally little differ- 
ence between the observers' ability to detect stenoses 
when using the 16 mm cine film and the 70 mm films. 
In three instances, a stenosis was seen by all observ- 
ers in the 16 mm cine film and by only one observer 
in the 70 mm films. In four instances the reverse was 
found. 

Interobserver variation in grading: The four 
observers' estimates based on the two recording sys- 
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tems contained an equal number of deviations of — 
more than 20 percent stenosis. Figure 1 shows the in- | 
dividual observers’ estimates based on 16 mm cine © 
film and 70 mm films, plotted against the estimates 
in the official report. Both plots show a similar 
marked scatter among observations. When only coro- 
nary arterial stenosis of more than 50 percent in lu- 
minal diameter was considered clinically significant, 
the number of false positive and false negative find- 
ings was very similar with both 16 mm cine film and 
70 mm films (Fig. 1). | 

When the 29 measurements of stenoses based on - 
70 mm films were plotted against the observer esti- 
mates based on 16 mm cine film and 70 mm films 
(Fig. 2), a wide scatter among observations and no 
difference between the two recording methods were 
found. When instances in which the observers com- 
pletely overlooked a stenosis are omitted, agreement 
between the observer estimates and the measure- 
ments was better, particularly for the 70 mm films, 
and similar to the agreement between observers' esti- 
mates and those of the official report (Fig. 3). 

Stenosis in the left main coronary artery was re- 
ported only three times. In two cases the observers' 
estimates of the degree of stenosis in this artery dif- 
fered by less than 20 percent. In the third case the es- 
timates ranged from 0 to 50 percent stenosis. 

When observers estimated stenoses in the right 
coronary artery and the left anterior descending and 
left circumflex branches, there was complete agree- 
ment among all four observers in 85 instances (37 
percent). In 52 instances (23 percent), estimations of 
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FIGURE 2. Comparison between measurements of coronary arterial stenosis on 70 mm films and four observers’ estimates of stenosis based 
on 16 mm cine film (A) and 70 mm films (B). SEE = standard error of estimate. Instances when the observers completely missed a stenosis 


are not calculated in the values for r’ and SEE’. 


_ the degree of stenosis differed by less than 20 per- 
.. cent; in 60 observations (26 percent), they differed by 


~. -20 to 80 percent; and in 31 cases (14 percent), they 


differed by more than 80 percent. In 40 percent of all 
observations of all arteries, the observers’ estimates 
of the degree of stenosis differed by more than 20 
percent. The widest variation among estimates was 


-~ found with stenoses in the left anterior descending 


branch. 
Among the 85 instances in which agreement among 
the observers was complete, in 20 cases the patient 
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FIGURE 3. Comparison between percent of coronary arterial steno- 
sis as estimated in the official report and as measured on 70 mm 
films. SEE — standard error of estimate. 
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was judged to have normal coronary arteries and in 
23 to have total occlusion of one artery. When these 
43 observations are subtracted, 185 instances with 
various degrees of coronary arterial stenosis remain. 
In 49 percent of these instances there was an interob- 
server variation of more than 20 percent stenosis. 

Among the four observers, no two agreed on a defi- 
nitely erroneous interpretation of the coronary arte- 
riograms. In other words, stenosis would always have 
been detected if two observers had viewed the films. 
Errors in observers’ estimates ranged from over- to 
underestimation, with no particular pattern. Two of 
the four observers tended to overestimate slightly the 
degree of stenosis. Observer performance improved 
only little with greater experience. When stenosis was 
reported, there was almost complete observer agree- 
ment on its location. Even when more than one pro- 
jection was considered, the estimates of no individual 
observer produced as good correlation with the mea- 
surements as did the official report. 

Intraobserver variation in grading: Figure 4 
shows the intraobserver differences in determining 
the degree of stenosis from 16 mm cine recordings 
and 70 mm films. With the 16 mm recordings, com- 
plete agreement between the first and the second ob- 
servations was seen in 36 to 48 percent of cases. Rea- 
sonable agreement between the two observations was 
seen in 72 to 76 percent with all four observers if vari- 
ations of less than 20 percent stenosis were consid- 
ered insignificant with regard to patient manage- 
ment. 

With the 70 mm films, complete agreement be- 
tween the first and the second observation was 
present in 60 to 80 percent of the instances. Reason- 
ably good agreement between the two observations 


Volume 36 


A. /NTRAOBSERVER DIFFERENCES 
ON /6mm CINE FILM 


100 


FIGURE 4. Intraobserver differences 
in separate observations of 16 mm 
cine film (A) and 70 mm films (B). 
Each of the four observers reviewed 
the films twice with a 2 month interval 50 
between readings. 
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was seen in 72 to 92 percent of the observations (with 
less than 20 percent difference in estimation dis- 
counted). With both 16 mm film and the 70 mm 
films, the observer reversed his decision of more than 
or less than 50 percent stenosis in 18 percent of the 
cases. 


Collateral Vessels 

Collateral vessels were reported 31 times. Surpris- 
ingly, there was nearly complete agreement among 
the observers regarding their presence and location. 
In only 2 of the 31 instances did one observer not re- 
port a collateral vessel seen by the others. In five in- 
stances the collateral vessels were obviously better 
delineated in the 16 mm cine film than in the 70 mm 
films, but in four instances the reverse was true. 


Discussion 

This study showed no significant difference be- 
tween 16 mm cine film and 70 mm camera fluorogra- 
phy at 4 frames/sec in depicting the degree of coro- 
nary arterial stenosis, probably because both systems 
provide so much information that the diagnostic pro- 
cess involves filtration and subtraction to extract the 
clinically useful data. Similar results have been ob- 
tained with the comparison of cine recordings and 
full size film-changer recordings in pediatric angio- 
cardiography.® The intraobserver differences were 
somewhat less with the 70 mm than with the cine 
film but not significantly so. The observers agreed 
that information was retrieved more easily and 
quickly from the cine film than from the 70 mm 
films, possibly because the observers had consider- 
able experience in viewing coronary cinearteriograms 
but only limited experience with 70 mm films. 

A limitation of this study is that there is no meth- 
od for determining the true degree of stenosis in the 
coronary arteries. Measurements of coronary arteries 
have been attempted, but theoretical considerations 
and practical experiments have shown that even with 
the best imaging systems available, such measure- 
ments based on 70 mm films are unreliable (particu- 
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larly with arteries less than 3 mm in diameter).’ All — 
arteries measured in this investigation were less than | 
3 mm. In a recent report,® significant discrepancy be- - 
tween measurements of stenosis at coronary arteriog- | 
raphy and at postmortem examination was found in9 . 
of 23 cases. The significance of these observations re- | 
mains unclear. It is doubtful that routine measure- 
ment of coronary arterial stenosis would significantly 
alter decisions on patient care. 

In contrast to our findings, it has previously been 
believed that cine recordings would provide better 
delineation of collateral vessels than other recording . 
systems.? The cine technique is probably better than - 
the serialographic film-changer method, in which the | 
number of exposures and the length of the run are 
limited by various factors. Neither cine recordings . 
nor 70 mm recordings are limited significantly by 
these factors. 

Agreement among the observers in detecting coro- 
nary collateral flow with both systems was very good. 
This finding is in contrast to the considerable inter- - 
and intraobserver differences in detecting and assess- — 
ing the degree of coronary arterial stenosis. It ap- 
pears that the subjective element in the detection 
and grading of coronary arterial stenosis is one of the 
major limiting factors of arteriography. On several 
occasions coronary arteries reported to be normal by 
one observer were considered totally occluded by an- 
other. On the other hand, the best agreement among 
the observers was seen with either normal coronary 
arteries or total occlusion of a coronary artery. These 
extremes are obviously the easiest to diagnose cor- 
rectly. 

Clinical implications: This study confirmed that 
a single observer’s estimates of coronary arterial ste- 
nosis are frequently erroneous and that accuracy in- 
creases if grading is performed by more than one ob- 
server.? The latter is the usual situation in assessing 
coronary arterial stenosis in clinical practice. The di- 
agnosis is determined not only by the viewing of a 
single projection of one coronary artery but also by - 
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the combining of information from several injections 
into the same artery and into other coronary arteries, 
as well as from the left ventricular angiocardiogram 
and clinical information on the patient. 

In this study coronary arteriography proved to be 
only a semiquantitative method for assessing the de- 
gree of coronary arterial stenosis. This concept is im- 
portant to bear in mind when making decisions on 
treatment, prognosis and follow-up of patients. At 


re: 


present, there is no obvious way to increase the accu- 
racy of coronary angiography. Measurements are of 
no value in medium-sized and smaller arteries, and 
there appear to be no prospects for technical im- 
provements in the near future. Other methods are 
currently being evaluated (such as densitometric 
measurements of coronary arterial blood flow!? or 
isotope studies!!) to determine the significance of 
coronary arterial stenosis seen in the arteriograms. 
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AND NOW A FULL 
RANGE OF CARDIAC 
IMAGING WITH 


Aloka 


FCHO-CARDIOGRAPHY 


SSD-100 HEART 
CROSS-SECTION 


Two dimensional, stop-action image of 
a heart section formed by a composite 
of multiple B-Scan recordings at user- 
selected point in QRS complex. 











Whether a cross sectional view of the 
heart is required from the SSD-100 in- 
strument; a multi-channel record is nec- 
essary from the SSD-90 Polygraph; 
accurate, multiplexed visualization is 
required from the SSD-80 Cardiograph 
or a conventional time-motion scan by 
the SSD-110 Echo Cardiograph will suf- 
fice, Aloka offers a family of superior in- 
struments to the discerning user. 


SSD-110 
ECHOCARDIO- 


GRAPH 


Split screen display of 
ultrasonic cardiogram in 
M-Mode and ECG wave- 
form. 


SSD-80 
ULTRASONIC 
CARDIOGRAPH 


Split screen or full screen 
overlapping display of 
ultrasonic cardiogram in 
M-Mode, plus four (4) ad- 
ditional channels for the 
biological signals syn- 
chronized to the 
R-Wave. 


SSD-90 UCG 
POLYGRAPH 


Split screen or full screen 
overlapping display of 
ultrasonic cardiogram in 
M-Mode, plus ECG, PCG, 
ACG, and carotoid pulse 
signals, synchronized to 
the R-Wave. System in- 
cludes recorder, camera 
and amplifiers for all 5 
channels. 


For further information contact T. C. Cannon 


GRUMMAN HSALTH SYSTEMS 





400 Crossways Park Drive 
Woodbury, New York 11797 
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ARNES IA 
THE FIRST RESCUE 
SYSTEM AS FLEXIBLE AS THE 
PEOPLE WHO USE IT. 





If there’s one thing you can 
sure of in cardiac rescue, it’s 
t you can't be sure of anything. 

Every situation, either in the 
pital or in the field, presents 
v problems, and requires new 
uations. 

At Datascope, we've been in 
ergency medicine since its 
eption. 

Our equipment has faced just 
ut everything. And from that 
erience we ve put together a 
‘em that’s prepared to face 
thing: the M/D2 System. 

The M/D2 System is built on 
' very simple principle. Every 
'rument in the system must be 
ependent and not compro- 
ed by any other instrument. 

In keeping with this philoso- 
/, our monitor, our defibrillator 
| our strip-chart recorder each 
'e a separate battery source. 

e unit never puts a drain on 
xt her. 

But to see its flexibility, let's 
e our system apart, instrument 
instrument. 


OUR MONITOR. 


The monitor in the M/D2 
tem nests inside the defibril- 
yr. You can carry the monitor 
| defibrillator, use it, and store 
s one unit. 

But the monitor pulls out'of 

M/D2 case and works as a 
arate unit as well. So it can be 
cedright ona patient's stretcher 
he field. Or put in the most 
'antageous viewing position at 

bedside. 


PATENT 3,865,101 





In addition to being so flex- 
ible, our monitor outperforms any 
monitor in emergency medicine. 

It has a 5-inch scope with a 
8 x 11 cm. viewing area. 





It has a memory which pro- 
vides a bright, non-fade display 
that's remarkably clear even in 
strong sunlight. 

It has a freeze button which 
lets you stop the ECG for closer 
study. 

Its the only emergency moni- 
tor with a digital heart rate read- 
out. And because the readout is 
an LED display, you can even read 
it in the dark. 


OUR DEFIBRILLATOR. 


Like our monitor, our defib- 
rillator has its own battery-pack. 

Itstheonly defibrillator made 
that gives you a digital energy 
meter. Which displays both stored 
energy and the results of delivered 
energy tests. 
UN I 






The defibrillator is exception- 
ally safe. A warning tone sounds 
when the selected energy level is 
reached. 

Energy cannot be delivered 
unless the push-button switch 
on each paddle is actuated 
simultaneously. 

The energy within the defib- 
rillatorisautomatically discharged 
when the unit is turned off. 





For paramedic use, the M/D2 
is available completely shielded 
against RF interference across 
the entire communications band. 


OUR RECORDER. 


Our recorder is flexible as 
well. It's carried separately and 
powered separately. (For good 
reason. A recorder powered by a 
common battery puts an enormous 
drain on the other instruments in 
the system.) 

Our recorder weights only 11 
pounds. And when you're using 
our monitor outside the M/D2 
case, our recorder fits right into 
the space the monitor vacated. 
Which allowseven easier transport. 


OUR RAPID CHARGER. 


Although the M/D2 comes 
with a standard battery recharger, 
we offer the first rapid recharging 
unit as part of our system. Our 
Rapid Charger allows you to de- 
fibrillate with just 60 seconds of 
recharge. And in just 10 minutes 
it will recharge the defibrillator to 
at least 60% of total capacity. 


THE SYSTEM. IT’S MORE 
THAN ANY OF ITS PARTS. 


Three independent units. 
Three independent battery-packs. 
And a Rapid Charger. They. work 
together, or apart. They give you 
more ability to react than any 
single unit ever could. 

For more information on the 
M/D2 System, write: Datascope 
Corp., 580 Winters Avenue, 
Paramus, N.J. 07652. 


THE DATASCOPE 
M/D2 





A new, easy-to-operate exercise electrocardiography system designed 
to stress the patient without straining the physician or the budget. 


Cambridge STS is an integrated, easy-to-use system intended for 
hospital, health care, and athletic facilities, as well as for the prac- 
titioner with a limited budget. STS reliably produces exercise test 
results of excellent quality. It is designed to function superbly as a 
multistage exercise test system in office or hospital, as a standard, 
mobile electrocardiograph, or as a rate meter/monitor in the ER, 
ICU, or CCU. 
EN Strip chart recorder, ECG monitor, heart rate meter, and op- 
tional treadmill meters and controls all located in single mobile 
console where entire test protocol is controlled, monitored, 
and recorded. 
Digital heart rate meter and non-fade ECG monitor for easy 
daylight viewing. 
Optional recorder-programmer helps automate graded testing. 
Patient cable and electrodes specially designed for dynamic 
ECGs. 
VS-4S electrocardiograph meets all AHA specs. 
Existing VS-4 electrocardiographs easily retrofitted for inex- 
pensive upgrading for exercise and rest electrocardiography. 
SLE EAE UMP Rel UD amt có Gi Rex Os eS FED GUT GA NER Medi 

Cambridge Instrument Company, Inc., Dept. AJC 

73 Spring Street, Ossining, New York 10562. (914)941-8100 à 


© Please call me to arrange for a demonstration. 
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Cambridge first in electrocardiography 





KAOCHLOR 


(potassium chloride) 


10% Liquid 


Also available 
20% Liquid 


Effervescent 
Tablets 


WARREN-TEED 


PHARMACEUTICALS INCORPORATED 
SUBSIDIARY OF ROMM AND HAAS COMPANY 
COLUMBUS, OHIO 43215 
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Cranio-caudal capability: 
on Philips Cardio Diagnost, 
its more than just 

another interesting view. 


In certain cases;the craniò-ċâåùdah(or half- Plus all the features that have established the 


axial) projection improves visualization of Cardio Diagnostas.a preferred system in 
Cardiac anatomy. cinefluorographic angiography.:.such as: 


For example: the cranio-caudal view of the — Fixed focus-image intensifier distance.for 
left main coronary artery clearly separates precise collimation. 


the-proximal divisional branches. In other — Ease of scanning— in any patient plane and 
SE V ooo better qu to — the close to the chest wall. This permits a narro 

gree or occlusion... or obtain data to beam technique that reduces X-ray scatter fd 
support or substantiate evidence given by the operator and in the image. 


other projections. 

That's what the Cardio Di p — The U-arm. It rotates tube and intensifier in 
SE tee OSE S NEW fixed relationship around the patient, leaving 

cranto-capability offers you: another valuable him comfortably stationary. 


diâgñostic tool. 
— Superior image quality and information with 


the minimum amount of radiation. 


— À better, more comfortable working environ 
ment for you because the entire examinatio 
can be performed from one fixed point. 





s an excellent 
iagnostic tool. 


\nd its easily added 
9 every Cardio Diagnost! 


ow did we add cranio-caudal capability to 

> Cardio Diagnost? We just modified our 

bile examination table to lock easily into a 
pivoting service base. Now the table can 

angled left or right... effortlessly, of course!) 


ilips: we never stop looking for a better way. 


ite for additional information. 


ILIPS MEDICAL SYSTEMS, INC. 


) Bridgeport Avenue, Shelton, Conn. 06484 D Hi i L | D $ 
(203) 929-7311 


ON IM NV! Philips of Holland 








——— 


71 e e 
AMERICAN COLLEGE OF CARDIOLOGY EXTENDED LEARNING 


NOW YOU CAN PARTICIPATE IN A MONTHLY AUDIOTAPE 
PROGRAM EXCLUSIVE TO THE FIELD OF CARDIOLOGY 


This multimedia (tapes, slides, printed booklet) audio tape program includes 60 minutes of clinically 
oriented information on the art of diagnosis and treatment of cardiovascular disease to its subscribers 
each month. The audio cassette tapes include recorded panel discussions interviews with noted 


authorities and self-assessment quizzes. 


In addition, 35 mm slides and a monthly personal continuing 


education notebook are supplied as a part of this professional service. 


Join the more than 4,500 subscribers who are listening each month. 
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—— Available directly from the AMERICAN COLLEGE OF CARDIOLOGY 


Please enter my one year (12 issues) subscription to ACCEL™ 


| enclose $ for the plan checked below: 


PLAN A 
CASSETTE TAPES WITH 
GENERAL ELECTRIC PLAYER/RECORDER 
[] ACC member, $120 
[] Non-member, $130 
(U.S. Funds) 
PLAN B 
CASSETTE TAPES ONLY 
[] ACC member, $70 
[] Non-member, $80 
(U.S. Funds) 
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increased performance [he Parametron 7000 
Monitoring System's advanced solid-state circuitry 
enables extremely accurate monitoring over a wide 
measurement range for all patients...adult, pediat- 
ric and neonatal...even under adverse clinical con- 
ditions. Extended line voltage capability (85-135V) 
allows uninterrupted monitoring. even during 
"brownouts . 

Parametron 7000 Monitorsfeature a non- 
fade, two-trace, memory-type oscillo- 
scope, brightly illuminated digital data 
displays for rapid interpretation, and 
plug-in parameter modules. Each para- 


meter has separate high- and low-limit 77 


alarms. Two- and four-module units 
are available. 


dependable service A special main- 
tenance program featuring low cos 
dedicated spare 


modules IS 


Increase patient monitoring Capanility 
with our most versatile system 













available. This program together 
with Roche nationwide service 
assure continuous reliable 
operation. 


extended flexibility Stylish 
Parametron 7000 Monitors are com- 
pact, lightweight, designed for easy 
portability and ease of use. They 
A A can be cart- or wall-mounted 
e or placed on a table top. 
. . Single-function controls and 
s highly legible digital dis- 
) plays enhance operabil- 
ity. Plug-in modules 
| allow one to monitor 
patients over a wide 
range of clinical 
situations. 


Design enables use 
as a discrete monitor, 
with Roche cen- 
tralized monitoring, 
and/or with 
computer-based 
intensive care 
systems. 


Parametron 7000...from Roche. 


ECG module 

Provides diagnostic quality ECG waveforms for long- 
term monitoring. Has two operating modes, normal 
and monitor, with automatic switching. The diagnostic 
bandwidth exceeds AHA recommendations of fre- 
quency response. 


heart rate module 

Wide measurement range, 0 to 300 BPM, covers adult, 
pediatric, and neonatal requirements. Extremely ac- 
curate counting circuitry for detection of complexes 
derived from ECG, peripheral pulse or blood pressure 
waveforms. 


A-V pressure module 

For intravascular measurement of systolic, diastolic, 
mean arterial, and mean venous pressures. Provides 
accurate measurement of pediatric arterial pressures 
and pulmonary artery pressures in the 30 to 80 mmHg 
range. 


respiration/apnea module 

Wide range of depth of respiration, rapid recovery 
from high-level artifact and respiration rate measure- 
ments from 0 to 150 B/M, with separate apnea detec- 
tion circuitry. 


temperature monitor module 

Monitor rectal, esophageal or skin temperatures over 
the range of 0° to 42°C. An accurate stable three- 
digit display of the measured temperature over the 
wide range required for patients in induced hypo or 
hyperthermia as well as skin temperature measure- 
ment. 


The Parametron 7000 Patient Monitoring System is 
designed for patient safety, reliable operation, in- 
creased accuracy and flexibility in a compact, practical 
system. All backed by Roche nationwide service. For 
more information, write for literature. Or phone your 
Roche representative today. 


ROCHE MEDICAL ELECTRONICS DIVISION, HOFFMANN - LA ROCHE INC., CRANBURY, N.J. 08512 
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Cardio Beeper” -PM pacer monitor are 


unlike any heart monitoring instruments 

now in use. They re five ounces, pocket 

ized and relatively inexpensive. Yel 

they are unparalleled in electronic so 

phistication. The CardioBeeper monitors 

are engineered to permit your coronary 

patient, within seconds, to telephonically 

transmit his heart rate and rhythm ol 

ECG. And to allow your pacemaker 

patient to transmit pacemaker rate in 

terval and artitact, as well as contirma 

tion of battery integrity and ventricular 

capture. Atany time. From any conven 

tional telephone. If indicated, you are monitor next to the mouthpiece of the 

then able to institute immediate, often phone while touching a button. Physician 

life-sustaining action and patient stay in constant voice 
contact while sending and receiving 


You can immediately receive the 
telephoned data as a Series iudible 
Pacemaker tracing telephoned with beeps indicating each QR#pompiex 
GardioBeeper-PFM or pacemaker spike. lo recem a per 
manent record of ECG or pacemaker 
artifact, just connect a CardioBeeper’ 
n | | i : ECG Decoder to your telephone and to 
Normal ECG tracing telephoned with any « onventional ECG machine. Or 
Cardio Beepel instead, connect a CardioBeeper ` 
Ihe CardioBeeper system is simple Decodalyzer to your phone to optan a 
to use. Your patient need not undress visual readout of heart rate or pace 
Or be bothered with paste, gels or straps maker rate in BPM, interval count in 
He simply places a reusable electrode msec. or a direct ECG tracing for your 
in each bare armpit. And to transmit records 
he merely holds the Cardio Beepet In life-threatening emergencies 
or routine checks, no remote cardiac 
monitoring instruments available today 
at any cost can rival the revolutionary 
CardioBeeper system. For turthei 
information, simply contact your Wyeth 
representative or Wyeth Laboratories 
SETAE EOM: EALA 


Manufactured for Wyeth Laporatories 
by Survival lechnology, Imi 


loBeeper-P iN 


pacer monitor 


ardioBeeper 
heart monitor 


Wyeth Laboratories 


VIVIS TI LM Technology, Ini 





WAX: WHAT IT DID 
FOR THE 


HONEYCOMB | 
IT NOW DOES FOR , 


POTASSIUM CHLORIDE. 


WARREN-TEED ANNOUNCES 


(potassium chloride) 


— Potassium chloride imbedded in a wax matrix 

to provide controlled release, thus minimizing possible 
high local concentration of potassium ion near the 
bowel wall. The newest idea in potassium 

chloride supplements is as old as the beehive. 

Wax... provides an effective vehicle to imbed KCI 





New Kaon-CL Tabs" 


(potassium chloride) 


prolong the release of KCI to minimize 
the likelihood of producing high localized 


concentrations of potassium within the G.I. tract... 


protect your patient from the risk of hypoka- 
lemia or digitalis intoxication due to potassium 
depletion that diet alone cannot correct... 


promote adherence to medication schedule 
by relieving the patient of the inconvenience 
of liquids... 


Three-way convenience 


for your patients on KCI Supplements... 


because there's no palatability problem 
because there's no dilution problem 


s because tablets are physically easier to 
carry—and to take—than liquids... 

an especially welcome advantage 

away from home—encouraging adherence 


< The controlled release 
KCI Tablet that protects your 
patients on diuretics or digitalis 


s against hypokalemia due to potassium depletion 
that cannot be adequately replaced by diet alone 


m against the inconvenience of —and often 
confusion over— dilution of liquid supplements 


m from taste-fatigue associated with liquids 


Dosage: Prophylactic: 20 mEq. daily (1 tab T.I.D.) 
Therapeutic: 40- 100 mEq. daily 
See following page for brief summary. 


PHARMACEUTICALS INCORPORATED 
SUBSIDIARY OF ROHM AND HAAS COMPANY 


WARREN-TEED A^ 
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tablet containing 500 mg. potassium chloride (equivalent to 6.67 
mEq. potassium chloride) in a wax matrix. This formulation is in- 
tended to provide a controlled release of potassium from the matrix 
to minimize the likelihood of producing high localized concentra- 
tions of potassium within the gastrointestinal tract. 

Indications: Kaon-CL Tabs is indicated for the treatment of potas- 
sium depletion in patients with hypokalemia and metabolic alkalo- 
sis, and for the treatment of digitalis intoxication. During therapy 
serum potassium levels should be monitored and the dosage ti- 
trated to achieve the desired clinical and laboratory effects. 


Kaon-CL Tabs is also indicated for the prevention of potassium de- ` 


pletion when the dietary intake of potassium is inadequate for this 
purpose. The prophylactic administration of potassium ion may be 
indicated in patients receiving digitalis and diuretics for the treat- 
ment of congestive heart failure, hepatic cirrhosis with ascites, 
patients with. hypertension on long-term diuretic therapy, hyperal- 
dosteronism. states with normal renal function, the nephrotic syn- 
drome, and certain diarrheal states. 

Contraindications: Potassium supplements are contraindicated in 
patients with hyperkalemia since a further increase in serum potas- 
sium concentration in such patients can produce cardiac arrest. 
p rpaneremie may complicate any of the following conditions: 
Chronic renal failure, systemic acidosis such as diabetic acidosis, 
acute dehydration, extensive tissue breakdown as in severe burns, 

. adrenal insufficiency, or the administration of a potassium-sparing 
diuretic (e.g., spironolactone, triamterene). 

Wax-matrix potassium chloride preparations have produced 
esophageal ulceration in certain cardiac patients with esophageal 
compression due to enlarged left atrium. Potassium supplementa- 
tion, when indicated in such patients, should be with a liquid 

. preparation. 

Warnings: in patients with impaired mechanisms for excreting po- 
tassium, the administration of potassium salts can produce hyper- 
kalemia and cardiac arrest. This occurs most commonly in patients 
given potassium by the intravenous route but may also occur in 
patients given potassium orally. Potentially fatal hyperkalemia can 
develop rapidly and be asymptomatic. The use of potassium salts 
in patients with chronic renal disease, or any other condition which 
impairs potassium excretion, requires particularly careful monitoring 
of the serum potassium concentration and appropriate dosage 
adjustment. 

Hypokalemia should not be treated by the concomitant adminis- 
tration of potassium salts and a potassium-sparing diuretic (e.g., 
spironolactone or triamterene) since the simultaneous administra- 
tion of these agents can produce severe hyperkalemia. 

Potassium chloride tablets have produced stenotic and/or ulcera- 
tive lesions of the small bowel and deaths. These lesions are 
caused by a high localized concentration of potassium ion in the 
region of a rapidly dissolving tablet, which injures the bowel wall 
and thereby produces obstruction, hemorrhage, or perforation. 
Kaon-CL Tabs (potassium chloride) is a wax-matrix tablet formu- 
lated to provide a controlled rate of release of potassium chloride 
and thus to minimize the possibility of a high local concentration of 
potassium ion near the bowel wall. While the reported frequency of 
small bowel lesions is much less with wax-matrix tablets (less than 
one per 100,000 patient-years) than with enteric coated potassium 
chloride tablets (40-50 per 100,000 patient-years), a few cases asso- 
ciated with wax-matrix tablets have been reported. These data are 
from foreign marketing experience. Kaon-CL Tabs should be discon- 
tinued immediately and the possibility of bowel obstruction or per- 
foration considered if severe vomiting, abdominal pain, distention, 
or gastrointestinal bleeding occurs. 

Hypokalemia in patients with metabolic acidosis should be treated 

with an alkalinizing potassium salt such as potassium bicarbonate, 
potassium citrate, potassium acetate, or potassium gluconate. 
Precautions: The diagnosis of potassium depletion is ordinarily 
made by demonstrating hypokalemia in a patient with a clinical 
history suggesting some cause for potassium depletion. In inter- 
preting the serum potassium level, the physician should bear in 
mind that acute alkalosis per se can produce hypokalemia, in the 
absence of a deficit in total body potassium, while acute acidosis 
per se can increase the serum potassium concentration into the 
normal range even in the presence of a reduced total body potas- 
sium, The treatment of potassium depletion, particularly in the 
presence of cardiac disease, renal disease, or acidosis, requires 
careful attention to acid-base balance and appropriate monitoring 
of serum electrolytes, the electrocardiogram, and the clinical sta- 
tus of the patient. 
Adverse Reactions: The most common adverse reactions to oral 
potassium salts are nausea, vomiting, abdominal discomfort and 
diarrhea. These symptoms are due to irritation of the gastrointesti- 
nal tract and are best managed by diluting the preparation further, 
taking the dose with meals, or reducing the dose. 

The most severe adverse effects are hyperkalemia (see Contrain- 
dications, Warnings and Overdosage) and gastrointestinal obstruc- 
tion, bleeding or perforation (see Warnings). 

Overdosage: The administration of oral potassium salts to persons 
with normal excretory mechanisms for potassium rarely causes seri- 
ous hyperkalemia, However, if excretory mechanisms are impaired 
or if potassium is administered too rapidly intravenously, poten- 
tially fatal hyperkalemia can result (see Contraindications and 
Warnings). It is important to recognize that hyperkalemia is usually 
asymptomatic and may be manifested only by an increased serum 
potassium concentration and characteristic electrocardiographic 
changes (peaking of T-waves, loss of P-wave, depression of S-T 

' segment, and prolongation of the QT interval). Late manifestations 
include muscle-paralysis and cardiovascular collapse from cardiac 
arrest. pia, 

Dosage and Administration: Dosage must be adjusted to the indi- 
vidual needs of each patient but is yeically in the pu of 20 mEq. 
per day for the prevention of hypokalemia to 40-100 mEq, per day or 
more for the treatment of potassium depletion. 

One Kaon-CL Tabs three times daily provides 20 mEq. of potas- 
sium chloride. Two Kaon-CL Tabs three times daily provides 40 
mEq. of potassium chloride. 

Caution: Federal law prohibits dispensing without prescription. 
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Safe in sound. 


Probe your patients with image stability, and high 
sound. And record clear contrast—with no chemical 
echo patterns on Kodak processing. 
Linagraph direct print For details, write 
paper, type 2167. Eastman Kodak Company, 
Ultrasonic examination Dept. 412L (260-C), 
has become a useful Rochester, N. Y. 14650. 
technique to diagnose 
structural and functional RESULIS 
cardiac abnormalities. 
When used for ultrasonic 
applications, 2167 paper 
offers fast pop-up, excellent 
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“Because of the ineffectiveness of the 
conventional measures, it was suggested that a 
2% nitroglycerin ointment [Nitrol] be applied to 
the skin....It is the authors impression that there 
has been definite benefit from this therapy, when 
used together with all other measures for the 
treatment of angina pectoris....The principle of 
slower absorption with resulting prolonged action 
of an effective coronary vasodilator would seem to 
deserve further trial in this condition." 


‘nitroglycerin ointment [Nitrol] exhibited 
a consistently prolonged beneficial influence that, 
in practice, has never been demonstrated for any 
other nitrate used in the therapy of angina."? 
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on: Nitroglycerin 296 in lanolin-petrolotum base. Administration: F 
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ped, starting in lower range. Side effects: Headache indicates o 
ding may be the result of postural hypotension. Contraindi: 

iereosed intraocular pressure or increased intracranial pr 
tubes. Caution: Federal law prohibits dispensing wit 
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ZMENS-ELEMA 


"ACEMAKERS 


high-technology systems from Sweden 
helping physicians strengthen 
“the spark of life" in Europe since 1958 ... 


proven in over 60,000 patients... 








now available in America 


see next page 


TWO OF THE HIGH-TECHNOLOGY 
SIEMENS-ELEMA PACEMAKERS 
NOW AVAILABLE IN AMERICA 


Variopacemaker EM 169C QRS-inhibited | Lithium Pacemaker 187 QRS-inhibited 

ENABLES RAPID, NON-INVASIVE CHECK OF PATIENT'S LITHIUM-IODIDE POWER CELL AND ADVANCED DESIG 
THRESHOLD VALUE. Simply place a magnet above the GIVE LONG LIFE, HIGH RELIABILITY. With an estimate 
implanted Siemens-Elema Variopacemaker, and its impulse lifetime of over 6 years, the Siemens-Elema Lithium D 
amplitude steps down in 16 equal intervals to zero voltage, mand pacemaker offers significant advantages to patie 


and physician. Battery life is extended, without impairir 
stimulation, by a short pulse duration. TI 
pacemaker is highly resistant to ele 
tromagnetic interferences, ar 

has an additional safety fact 

in case of overwhelming inte 
ference: the unit does not cea: 

to function, but switches 

basic rate stimulatio 

Pacemaker housing is hermeticall 
the implantation period. sealed titanium; the lithium-iodit 
Well-suited for one-step -eý ; - BS «modell is also hermetically sealed f 
implantations, the Vario- ^ ~~ >, h | NA 3 greatestreliability. Pul: 
pacemaker also enables B c | ES IN amplitude decreases on 
the patient's local physi- 0.8V from beginning to er 
cian to check threshold | of estimate 
value. Information may 4 pacemaker lif 
be transmitted by | | 
telephone to central - 
facilities. 





















then repeats cycle. ECG readings taken simultaneously 
show where effective ventricular capture i 

ceases, and permit rapid determina- 
tion of threshold value and 
safety margin. This is an 
important factor due to 
variation of threshold ve 
during the first weeks aft 
implantation; it is equall 
important toward the end C 


Distributed by 


"am" 42m elema-schonander, inc. 
Siemens-Elema Pacemaker Division 
WW 699 Lively Blvd., P.O. Box 128 
S Nw EIk Grove Village, III. 60007 U.S.A. (312) 640-6460 


Manufactured by SIEMENS-ELEMA AB 
817195 Solna, Sweden 


© 1975 SIEMENS-ELEMA 





Mark 16/35 
Cine-Fluorographic 
Film Processor 


For the highest quality films without artifacts. 
Theater quality is assured. 





The Mark 16/35 production 
processor automatically processes 
diagnostic cine-fluorographic films 
to secure full tonal reproduc- 
tion and complete clarity. 

Adjustable speed and 
bs temperature controls 
permit selection of 
proper parameters for 
desired density, gamma, 
and acutance. True 
quality control is simple 
and repeatable. Fully 
adjustable controls let you use 
standard or “hot” developing 
solutions. The Mark 16/35 is 
shipped complete — no accessories 
are required. 

It is constructed of 316L 
stainless steel inside and out for 
years of maintenance-free 
operation. The Mark 16/35 is 
daylight operated and is portable. 

Processing is at 25 feet per 
minute. Capability to 60 feet per 
minute. Dry-to-dry. Anyone can 
learn to operate it in an hour's 
time. It's that easy. 

For complete details 
contact us or your nearest Oscar 
Fisher dealer. 
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OSCAR FISHER CO., INC. 
P.O. BOX 2305 / NEWBURGH, N.Y. 12550 
TELEPHONE (914) 562-3900 


All equipment manufactured by the 
Oscar Fisher Company Inc., is on GSA contract. 
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ISOSORBIDE DINITRATE 


Offers all the benefits scan Tove hace 
youvecometoexpectof —— WEN me 
“10}e)i [ale loll he) BD) Np DOES 

|_| acts justas fast for thera- or pe 

peutic use...within 2 minutes | "heincicalons as lows. 


MIT 
id UR i 
dosage torms of SORBITRATE are 
1 


..] acts justas long for | treatment of acute anginal attacks and for 
prophylaxis...upto 2 hours B TT 
| | ] just aS stable In alr Contraindications: A nsitivity to the drug 


we Hons requ 
l Warnings: Data suppo ' use ol nitrates during the 
(Can be stored or Carried with no early days of the acute phase of myocardial infarction are 
Yi INSUMCENt to establish atlety. Phenobarbit TIBERI be ha 
signiicant loss of potency.) earn 
P : exe Precautions: Sh ud be used with aulon in patients wh 
have glaucoma. Tolerance and cross tolerance to other 
nilrates May occur 
Adverse Reactions: Headache which m ly be seve 
vering the dose and using analae 


" 
ISI" 


Mam uw 
derm tili 
Ihis drug can itas a physi NOC 


Offers these unique Dosage and Administration: Route: Sabi Qv 
advantages over the wich may accassónall bo avere wath chewable 
sublingual form: Sr quanh obs cre generi ga f 

Natural chewing action spon anal c MINE 

stimulates saliva secretion... Sublingual SOHBHTRATE: mav! 


: daily. CHEWABLE SORBITR 
..] helps dissolve medication and duration ot etfect of coram. 
more easily SORBITRATE ^ Por 

L] helps distribute nitrate 1 

over a larger mucosal area 


L] helps avoid "dry-mouth" STUART PHARMACEUTICALS 
Division of ICI United States Inc 


problem S Wilmington, Delaware 19897 





Effectiveness.. 





1.V. Administration Guidelines for Premature When therapeutic blood levels are required 
Ventricular Contractions and Tachycardia quickly, I.V. Injections 
1. Preparation of drug: Dilute before I.V. use. 100 mg. every 5 minutes until arrhythmia suppressed 


2. Usual dosage range: 200-1000 mg. (up to a maximum dose of 1 gram). 


3. Infusion rate: Not to exceed 25-50 mg. per minute. 
Total I.V. dose not to exceed 1000 mg. [m] mmn »—— 


4. Precautionary measures: 


a. Keep patient in supine position. LJ[ o T 
b. Monitor electrocardiographically and discontinue 
if myocardial toxicity is evidenced. (mi mmm.— 


c. Measure blood pressure almost continuously and 
temporarily discontinue infusion if blood pressure 
falls more than 15 mm. Hg. 





For ventricular arrhythmias 





S UIB ® ‘The Priceless Ingredient of every product 
is the honor and integrity of its maker.'TM 


yy a variety of routes 





|V. Infusion Oral Administration Guidelines to Provide 
2-6 mg. per minute’. 50 mg. /kg./day* for Ventricular Arrhythmias 
42.8 ug./ min./kg.)? Ventricular Tachycardia 


. Wyman MG, Hammersmith L: Am J Cardiol 33:661-667, 1974 (give priming dose of 1 g. if patient has not received 
'. Bigger JT, Jr., Giardina EV: MCV Quart 9 (1): 65-76, 1973 prior infusion) 


Premature Ventricular Contractions 





< 120 Ibs. 120-200 Ibs. - 200 Ibs. 
250 mg. 375 mg. 500 mg. 
4 È f: tablet q. 3 h. tablet q. 3 h. tablet q. 3h. 
Terminate I.V. infusion eds 
4 hours before 
oral regimen begun. 


*This dosage schedule is for use as a guide for treating 
the average patient, but all patients must be considered 
on an individual basis. 
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?rocainamide Hydrochloride) 
rough the entire therapeutic course 


See next page for brief summary. 










The e prolonged adeathietratiolr o ra IE rm "leads ] 
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e , considerations of alternative anti-arrhythmic therapy. 


Pronesty! Tablets (Procainamide Hydrochloride Tablets) are veneer- 
M bated tablets providing 250 mg., 375 mg., and 500 mg. procainamide 
hydrochloride. 


| Contraindications: In patients. with myasthenia gravis and where a hy- 
enn’ to procainamide exists; bear in mind cross sensitivity to 

procaine and related drugs. Should not be given to patients with com- 

plete atrioventricular heart block. Contraindicated in cases of second 
| degree gnid: third degree A-V block unless an electrical pacemaker is 
PR )perative. - 

dministration: Should atoae dO therapy be continued for any 
SE ta period, electrocardiograms should be made occasionally 
"ojating its further need. 


ns: Evidence of untoward myocardial response should be care- 

or watched for in all patients. In the presence of myocardial damage 

- with. atrial fibrillation or flutter, the ventricular rate may increase sud- 

| denly as the atrial rate is slowed; adequate digitalization reduces but 

oes not abolish this danger. Ventricular tachysystole is particularly 
zardous. if myocardial damage exists. 

| read dislodgement of mural thrombi producing an embolic episode 
ay occur in correcting atrial fibrillation due to the forceful contractions 
of the atrium. 

HS Extreme caution is required in attempting to adjust the heart rate 
vhen ventricular tachycardia has occurred during an occlusive coro- 
ry episode or where the use of procainamide may result in additional 

E ression of conduction and ventricular asystole or fibrillation as in 

second degree and third degree A-V block, bundle branch block, or severe 

Saad intoxication. 

Bear in mind when treating ventricular arrhythmias in patients with 

i . severe organic heart disease and ventricular tachycardia that complete 

- heart block, which may be difficult to diagnose, may be present. Since 

pape may result if the ventricular rate is significantly slowed without 

attainment of regular atrioventricular conduction, procainamide should 

-be stopped and the patient re-evaluated. 
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_PRONESTYL? INJECTION 
(Procainamide Hydrochloride Injection U.S.P.) 



















U.S.P.) is a sterile aqueous solution providing 100 mg. or 500 mg. pro- 
Cainamide hydrochloride per ml. The 100 mg./ml. potency contains 
: 9% (w/v) benzyl! alcohol and 0.09% sodium bisulfite as preservatives. 
; he 500 mg./ml. potency contains 0.196 methylparaben and not more 
in 0.2% sodium bisulfite as preservatives. 


| Contraindications: In patients with myasthenia gravis and where a hy- 

| AA to procainamide exists; cross sensitivity to procaine and 
related drugs must be borne in mind. Should not be given to patients 

with complete atrioventricular heart block. Contraindicated in cases of 
_ high-degree A-V block unless an electrical pacemaker is operative. 


“Precautions: Evidence of untoward myocardial response should be 
“carefully watched for in all patients. In the presence of myocardial 
M ge, procainamide may produce untoward responses. In atrial fi- 

rillation or flutter, the ventricular rate may increase suddenly as the 
„atrial rate is slowed; adequate digitalization reduces but does not 
abolish this danger. If myocardial damage exists, ventricular tachysystole 
ds. particularly hazardous. The dislodgement of mural thrombi producing 
an bolic episode may occur in correcting atrial fibrillation due to the 
forcetul contractions of the atrium. 

Extreme caution is required in attempting to adjust the heart rate 






when s ventricular tachycardia has occurred during an occlusive coronary 
episode or where the use of procainamide may result in additional de- 
“pression of conduction and ventricular asystole or fibrillation as in A-V 
` block, bundle branch block, or severe digitalis intoxication. 

Ix 


A ‘Parenteral ‘administration should be monitored electrocardiographi- 
ally whenever practicable. Parenteral administration should be discon- 
: inued at once if electrocardiograms give evidence of impending heart 
5 lock. This complication should be kept in mind when treating ventric- 
lar arrhythmias (especially parenterally) in patients with severe organic 
\eart disease and ventricular tachycardia who may also have complete 
art block. Since asystole. may result if the ventricular rate is signifi- 









_ procainamide should be stopped and the patient re-evaluated. 
|n the presence of both liver and kidney damage, normal dosage may 
produce symptoms of everepesue- Prmeipally ventricular tachycardia 
g nd severe- hypotension. 
agea procainamide therapy. Common symptoms are polyarth-- 
' ralgia, arthritis and pleuritic pain. Fever, myalgia, skin lesions, pleural - 


partusion and pedes gero occur. Rare cases of thrombocytopenia . z 2 ml. vial providing Sed mg. pins ate R. SQUIBB & SONS, INC. eta: E 


v. 
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ription: Pronestyl Injection (Procainamide Hydrochloride Injection. 
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effusion and pericarditis may also occur. Rare cases of thrombo 





e slowed without attainment of regular atrioventricular conduction, - 


ndrome resembling lupus ‘erythematosus has been reported with. 
How Supplied: Pronestyl Injection (Procainamide ‘Hydrochloride Injec- 
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‘with hallucinations, hypersensitivity reactions such as angioneurotic — 
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CUR apita IAS tiene coments 
T mdibtendnos procainamide therapy. Common | 
nga. arthritis and pleuritic pain. Fever, myalgia, "rin fe 







plural 3 
cyto- — 
penia or Coombs-positive hemolytic anemia, possibly related to this — 
syndrome, have been reported. Measure anti- nuclear antibody titers at * 
regular intervals in patients on procainamide for extended periods of. 

time or in whom symptoms suggestive of lupus-like reaction appear; in — 
event of rising titer (anti-nuclear antibody) or clinical. symptoms of LE, $ 
assess the benefit/risk ratio related to continued procainamide therapy 

(see boxed Warning). Steroid therapy may be effective if discontinuation & 
of procainamide does not cause remission of symptoms. If the. syndrome - 
develops in a patient with recurrent life-threatening arrhythmias not — 
otherwise controllable, steroid-suppressive therapy may be ed. con- Pig 
comitantly with procainamide. 3 
Adverse Reactions: Hypotension is rare with oral administration. Seri- $2 
ous disturbances of cardiac rhythm such as ventricular asystole. or a 

brillation are more common with I.V. administration. d Pl 

Large oral doses may sometimes produce anorexia, nausea, urticaria, H 
and/or pruritus. ig 

A syndrome resembling lupus erythematosus has been reported (see. 
Precautions). Reactions consisting of fever and chills have been re- - 
ported, including a case with nausea, vomiting, abdominal pain, acute — 
hepatomegaly, and a rise in serum glutamic oxaloacetic transaminase 
following single doses of the drug. Agranulocytosis has been occasion- - 
ally reported following repeated use of the drug, and deaths have OC- 
curred. Therefore, routine blood counts are advisable during maintenance — oy! 
procainamide therapy; and the patient should be instructed to report = j 
soreness of the mouth, throat, or gums, unexplained fever or any symp- - 
toms of upper respiratory tract infection. If any of these symptoms should - 
occur and leukocyte counts indicate cellular depression, procainamide - 
therapy should be discontinued and appropriate treatment should be e 
instituted immediately. Bitter taste, diarrhea, weakness, mental e ch 
sion, giddiness, psychosis with hallucinations, and hypersensitivity 
reactions such as angioneurotic edema and maculopapular rash. have 
been reported. 

The package insert should be read carefully to become familiar with - 
the recommended dosage for the indicated conditions and for full lic Ñ 
scribing information. t2 
How Supplied: Pronestyl Tablets (Procainamide Hydrochloride Tablets) M 
providing 250 mg., 375 mg., and 500 mg. are available in bottles of 100. ah 
or Coombs-positive hemolytic anemia, possibly related to this syndrome, ke 
have been reported. Measure anti-nuclear antibody titers at regular | in- 1s ES 
tervals in patients on procainamide for extended periods of time or in Pi 
whom symptoms suggestive of lupus-like reaction appear; discontinue - 
drug in event of rising titer or clinical symptoms of LE. Steroid therapy 
may be effective if discontinuation of procainamide does not cause 
remission of symptoms. If the syndrome develops in a patient with re- 


Au 


P 


current life-threatening arrhythmias not otherwise controllable, steroid- — i 
suppressive therapy may be used concomitantly with procainamide. E 
Adverse Reactions: Because procainamide isa peripheral vasodilator, - Es 
|.V. administration may produce transient but at times severe hypotension - E 
particularly in conscious patients. I.M. injection is less likely to cause — 


serious falls in blood pressure. Serious disturbances of cardiac rhythm 
such as ventricular asystole or fibrillation are also more common. with À. 
I.V. administration. EN 

A syndrome resembling lupus’ erythematosus has been reported. Re- 
actions consisting of fever and chills including a case with fever and 
chills plus nausea, vomiting, abdominal pain, acute hepatomegaly, and 
a rise in SGOT following single doses of the drug have been reported. — 
Bitter taste, diarrhea, weakness, mental depression, giddiness, psychosis 


edema and maculopapular rash have been reported. Agranulocytosis 
has been occasionally reported following repeated use of the drug, and 
deaths have occurred; therefore, routine blood counts are advisable 
during maintenance therapy. If soreness of mouth, throat or gums, un- | 
explained fever or any symptoms of upper respiratory tract infection 
should occur and leukocyte counts indicate cellular depression, procain-  . 
amide therapy should be discontinued and appropriate treatment should 
be instituted immediately. 


Administration: Ora! administration is preferred. When parenteral ther- 
apy is necessary, intramuscular administration is the method of choice. 
Intravenous use should be limited to extreme emergencies, the drug — T. 
should be administered as a dilute infusion, and the patient should be _ 
monitored electrocardiographically. The intravenous dose should not ex- 
ceed 1 gram. Administer at a rate not exceeding 25 to 50 mg. per minute. 
Should procainamide therapy be continued for any appreciable period, E 
electrocardiograms should be made occasionally to determine its fur- 273 
ther need. ^ era 
The package insert should be read carefully to become familiar with © 
the recommended dosage for the indicated conditions. * 
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tion U.S.P.) is available in 10 ml. vials providing 100 mg./ml. and in 
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For your medical library... 


Symposiums reprinted from 


THE AMERICAN JOURNAL OF CARDIOLOGY 


Symposium on: 


Electrophysiologic Correlates of Clinical 
Arrhythmias (1972) 


Guest Editor: Charles Fisch, M.D. 





Pre-Hospital Phase of Acute Myocardial 
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Ninety-seven infants less than 30 days old with obstructive lesions of 
the right heart chambers underwent palliative surgery from 1950 
through 1972. The diagnosis was made at cardiac catheterization and 
confirmed at operation or subsequent autopsy. Because of unavailabil- 
ity of complete preoperative studies and sufficient blood gas data, 36 
patients presenting between 1950 and 1965 (Group I) were analyzed 
for surgical risk only. In 61 patients who underwent palliative proce- 
dures between 1966 and 1972 (Group II) a more detailed analysis was 
done. In this group, 31 had a Potts shunt, 29 a Waterston shunt and 1 a 
Blalock-Taussig shunt. The most frequently encountered malformation 
was severe tetralogy of Fallot (30 percent) with or without pulmonary 
atresia, followed by pulmonary atresia with intact ventricular septum 
(25 percent). 

The overall surgical mortality rate in patients seen after 1965 (Group 
Il) was 34 percent compared with the 78 percent mortality rate in pa- 
tients seen earlier (Group |). The surgical mortality in infants operated 
on during the 1st week of life was double that of those operated on in 
the 2nd through 4th weeks. Survivors were compared with nonsurvi- 
vors for timing of surgery, age at presentation and clinical profile. Only 
two significant differences were found. Preoperative continuous mur- 
murs were more common in those who survived operation (13 of 40 
patients) than in those who died (2 of 21). Arterial pH during cardiac 
catheterization was the best predictor of subsequent survival, nonsur- 
vivors having significantly greater metabolic acidosis. Palliation of 
these severe lesions still carries a high mortality rate to which must be 
added the risk of subsequent repair. Our data suggest that primary re- 
pair is to be preferred if it can be undertaken with a risk approximating 
that of palliative procedures. 


The increasing success of early corrective surgery in infants for many 
congenital heart malformations suggested that the results of pallia- 
tive procedures for obstructive lesions of the right heart chambers 
should be reevaluated. Surgical attempts to relieve the right ventricu- 
lar obstruction by infundibulectomy or valvotomy have in the past 
had a high mortality rate'? except in cases of pure pulmonary valve 
stenosis with a good-sized right ventricle. When severe enough to 
produce critical hypoxemia, tetralogy of Fallot, pulmonary atresia, 
tricuspid atresia and other similar lesions have usually been given 
palliative treatment with some form of systemic to pulmonary arteri- 
al anastomosis. 

In this review, we analyze our experience with systemic to pulmo- 
nary arterial shunts in newborn infants presenting with various con- 
genital malformations resulting in severe obstruction on the right 
side of the heart. The early surgical survival rate was related to age at 
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FIGURE 1. Mortality for various shunt procedures during early (left) 
and recent (right) years. One patient in the recent group died after a 
Blalock-Taussig shunt. N = number of patients. 


presentation, severity and type of lesions, timing of 
operation, type of shunt performed and blood gas 
status before operation. The late survival of these 
neonates was also analyzed during the follow-up peri- 
od. 


Materials and Methods 


- All patients who had a systemic to pulmonary arterial 
anastomosis as the major palliative procedure and who 
were 30 days or less of age at the time of operation were in- 
cluded in the study. Between 1950 and 1965 there were 36 
patients who underwent shunt procedures of either the 
Potts or Blalock-Taussig variety (Group I). Between 1966 
and 1972 there were 61 patients who had palliative opera- 
tions, all but one by means of Potts or Waterston shunts. In 
this latter period we have regarded severe cyanosis with 
progressive metabolic acidosis despite rigorous correction 
as an absolute indication for urgent palliation. Patients 
with severe cyanosis without metabolic acidosis on presen- 
tation underwent palliative procedures if acidosis devel- 
oped or if circumstances excluded close supervision. 

In patients of both groups the diagnosis was established 
by cardiac catheterization and confirmed by subsequent 
surgery or autopsy. From 1966 through 1972 balloon sep- 
tostomy was performed during catheterization in patients 
with transposition of the great arteries and, as previously 
reported, in those with pulmonary atresia and an intact 
ventricular septum.?* 

Because complete preoperative studies and sufficient 
blood gas data were not available, patients in Group I were 
analyzed for surgical risk only; in Group II, a more detailed 
analysis was done, relating early and late surgical mortality 
to anatomic diagnosis, age at presentation, timing of opera- 
tion, type of shunt and acid-base status during cardiac 
catheterization. Early mortality was defined as that occur- 
ring after 1 month but before any further palliative opera- 
tion. Deaths during the follow-up period were also ana- 
lyzed. 

Values for pH and partial pressures of carbon dioxide 
(PaCOs) and oxygen (PaO2) were measured by standard 
method (Radiometer, Copenhagen) on blood taken from 
the aorta or femoral artery while the patient was breathing 
room air during cardiac catheterization. 


Results 
Group ! 


Of 36 patients presenting from 1950 through 1965 
(Group D, 18 had a Blalock-Taussig anastomosis 
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FIGURE 2. Mortality related to age at time of operation. 


(subclavian to pulmonary artery) and the remaining 
18 patients had a Potts anastomosis (descending 
aorta to main pulmonary artery). When late mortali- 
ty was included there was no difference in mortality 
among patients with two types of shunt, but a higher 
immediate survival rate was noted with the Blalock- 
Taussig shunt (Fig. 1). 


Group Il 


The clinical profile of these 61 patients is summa- 
rized and data on survivors and nonsurvivors are 
compared in Table I. There were no significant dif- 
ferences between survivors and nonsurvivors in age 
at presentation, time of operation, respiratory rate, 
liver size, blood pressure in the arms, or heart size on 
chest X-ray film. However, preoperatively the preva- 
lence of continuous murmurs was much greater in 
those who survived (13 of 40) than in those who died 
(2 of 21). Furthermore, survivors with such murmurs 
preoperatively tended to have a higher level of PaO» 
(mean 34 + 10 [standard deviation] mm Hg) than 
survivors without such murmurs (mean 28 + 7). In 
the two nonsurvivors without such murmurs, the pre- 
operative PaO» value was less than 28 mm Hg, 
suggesting a relatively small level of pulmonary blood 
flow. 

The most frequently encountered malformation 
was tetralogy of Fallot with pulmonary atresia or se- 
vere pulmonary stenosis (18 patients), followed by 
pulmonary atresia with intact ventricular septum (15 
patients) (Table II). 

Causes of death: Of 61 patients in Group II, 31 
underwent a Potts anastomosis and 29 a Waterston 
shunt (ascending aorta to right pulmonary artery) 
(Fig. 1). Only one patient had a Blalock-Taussig 
shunt. 'The mortality rate in these patients seen after 
1965 was 34 percent compared with 78 percent in 
those seen earlier (Group I). The mean age at death 
after operation was 6 + 8 days. One patient died at 
age 3 months because of a nonfunctioning shunt. 
Eight infants were so sick with hypoxia and acidosis 
that cardiac arrest occurred during induction of anes- 
thesia or during surgery. Ten patients died as a result 
of a nonfunctioning shunt as judged by continued cy- 
anosis and hypoxia on blood gas analysis and absence 
of a continuous murmur postoperatively. In only two 
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FIGURE 3. Arterial blood gases at cardiac catheterization in surgical 
survivors and nonsurvivors. There is a statistically significant differ- 
ence between survivors and nonsurvivors only for pH values (P 
<0.005). 


patients was death considered to be caused by an 
oversize shunt leading to congestive heart failure and 
ventilation problems. One patient died of sepsis 7 
days postoperatively. 

Mortality in neonates: Seventy-four percent of 
patients in Group II presented during the 1st week of 
life. The mortality due to shunt surgery in these in- 
fants was twice that in infants operated on during the 
following 3 weeks (Fig. 2). This increased incidence 
and mortality during the 1st week of life was due to 
the severity of the specific lesion resulting in early 
development of hypoxemia. In general, the greater 
. the anatomic complexity of the lesions the higher the 
mortality rate. Nevertheless, the 18 neonates with te- 
tralogy of Fallot had the second highest mortality 
rate in the group (Table III). These cases, presenting 
so early in life, represent the most severe form of te- 
tralogy of Fallot; 7 of the 18 infants had pulmonary 
atresia, and the 11 others had severe infundibular or 
pulmonary valve stenosis, or both. One cannot com- 
pare mortality rates due to the Potts and Waterston 
shunts because of our bias for a particular shunt pro- 
cedure for a specific lesion. For example, a Potts 
shunt was preferred for pulmonary atresia with in- 
tact ventricular septum and a Waterston shunt for 
tetralogy of Fallot. 

Late survival: The single most predictive indica- 
tor of survival was the blood gas analysis performed 
at the time of cardiac catheterization. The nonsurvi- 
vors had a significantly higher degree of metabolic 
acidosis (Fig. 3). Both survivors and nonsurvivors 
had moderate to severe hypoxemia (difference be- 
tween groups not significant) and PaCO; levels were 
comparable in both groups. Of the 40 survivors 37 are 
still alive. Two patients with pulmonary atresia and 
an intact septum died at age 14 and 17 months, re- 
spectively, after pulmonary valvotomy undertaken 
with the hope of promoting right ventricular growth. 
One patient died suddenly at home at age 10 months 
from an unknown cause. The shunts were judged to 
be functioning satisfactorily in all but one patient 
who required a Blalock-Taussig shunt at age 27 
months. 'T'his patient has a single ventricle with pul- 
monary atresia. T'wo patients have undergone com- 


TABLE I 


Preoperative Clinical Profile of Survivors and Nonsurvivors in 
Group II (mean + standard deviation) 


Survivors Nonsurvivors 
(no. = 40) (no. = 21) 98 
Respiratory rate/min 55 + 18 58 + 23 
Liver size (cm) 1.7 * 0.98 2:0 € 1.0»? 
Systolic blood press- 77 * 18 78 * 10 
ure in arms (mmrHg) 
Continuous murmur 13 of 40 2 of 21 
due to patent 
ductus arteriosus 
Cardiothoracic ratio 56+6 54+7 
on chest X-ray 
film (%) 
Age at admission 40+5 4.0:+6 
(days) 
Age at operation 6+6 6.0+8 
(days) 
Time of death after 6.0 + 7* 


operation (days) 


*One late death at age 3 months is included. 


TABLE II 


Anatomic Diagnosis and Surgical Mortality in Group II 


Frequency Mortality* — 
no. % no. % 
Tetralogy of Fallot! 18 29.5 7 39 
Pulmonary atresia 15 24.6 4 27 
with intact ven- 
tricular septum 
Single ventricle 8 13.1 2 25 
Tricuspid atresia 9 14.8 2 22 
d transposition of 4 6.5 2 50 
great vessels ] 
Miscellaneous com- 7 11.5 4 57. 
bined lesions s 
Total 61 100 21 34 — 


*Deaths due to palliation during neonatal period and to any fur- — 


ther palliative procedure. 


TAII patients with tetralogy of Fallot had severe pulmonary ste- 
nosis or atresia. Seven of the 18 had pulmonary atresia, and 3 of 
these died. 


£Dextrocardia, pulmonary atresia, patent ductus arteriosus, tri- 
cuspid atresia and single ventricle (one patient); asplenia syndrome - 
(two patients); levocardia situs inversus, pulmonary atresia, total. 


anomalous pulmonary venous drainage and left superior vena cava 


(one patient); hypoplastic right ventricle and tricuspid stenosis (one 
patient); transposition of great vessels with pulmonary atresia (one. 


patient); and pulmonary valve stenosis with intact ventricular septum 
(one patient). 


TABLE III 


Type of Shunt and Diagnosis in Surgical Survivors (Group I) 





Type of Shunt 





Waterston Potts 
Tetralogy 10 of 17 1. Of 4a 
Pulmonary atresia 1 of 1 11 0f 14 — 
Single ventricle 4 of 5 2 0f3 
Tricuspid atresia 2 of 3 5 of 6 
Transposition of great arteries 0 of 1 1of 3 
Miscellaneous 1 of 2 20f 4 
Totals 18 of 29 
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TABLE IV 


Survival After Systemic to Pulmonary Arterial Shunts in 
Neonates (1966 to 1974) 


Patients 
with Mean 
Shunt Survivors Follow-Up 
(no.) (no.) (mo.) 
Tetralogy of Fallot 18 11 31 
Pulmonary atresia 15 9 42 
with intact 
ventricular 
septum 
Single ventricle 8 6 49 
Tricuspid atresia 9 6 37 
d Transposition of 4 2 53 
great arteries 
Miscellaneous 7 3 27 
Totals 61 37 40 


plete repair of tetralogy and one patient with pulmo- 
nary atresia and an intact septum has had successful 
replacement of both tricuspid and pulmonary valves 


(Table IV). 


Discussion 


— Palliative procedures in infants with critically ob- 
structive lesions of the right heart chambers have 
been associated with a high surgical mortality rate?-? 
although improvement has occurred in recent years.?- 
11 This review indicates that in our recent experience 
the surgical mortality rate has been more than 
halved. Several factors have contributed to this re- 
duction including earlier referral, earlier and more 
precise diagnosis, improved surgical and anesthetic 
expertise and better postoperative care. The meta- 
bolic consequences of severe hypoxemia have also 
been better appreciated. 

The timing of surgery after cardiac catheterization 
might have influenced the surgical results. However, 
there was no significant difference between the survi- 
vors and nonsurvivors in respect to age at admission 
or at operation. 

J Metabolic acidosis and hypoxemia: A severe re- 
duction in arterial PaO» results in metabolic acidosis 
due to tissue hypoxemia and lactic acidemia.!?-!* Hy- 
poxemia and metabolic acidosis, either alone!? or in 
concert,! impair myocardial performance by direct 
action on the myocardium and by decreasing the 
myocardial responsiveness to catecholamines.!? This 
leads to a further decrease in both pulmonary blood 
flow and peripheral perfusion resulting in increasing 
tissue hypoxemia that, in turn, accelerates the acido- 
sis and establishes a rapidly progressive vicious cycle. 
Hypothermia caused metabolic acidosis!^!5 by in- 
creasing the excess acid in the extracellular fluid. 
Normal infants respond to hypothermia by increas- 
ing their metabolic rate, as shown by an increased 
oxygen consumption.!? Hypoxemia reduces the in- 
fant's ability to increase oxygen consumption?? and 
therefore impairs his compensatory response to cold 
stress. Thus, in the hypoxemic infant hypothermia 
develops more easily, is poorly tolerated and com- 
pounds the existing metabolic acidosis. The rapidity 
with which this situation develops depends upon the 


severity of right heart obstruction and on the pulmo- 
nary blood flow including collateral blood supply to 
the lungs. | 

Our study showed that the single most significant 
factor in predicting the outcome of palliation is the 
degree of metabolic acidosis at cardiac catheteriza- 
tion. The development of metabolic acidosis is relat- 
ed in part to the severity of the lesion. The presence 
of a patent ductus arteriosus increases pulmonary 
blood flow and thus results in a lesser degree of meta- 
bolic acidosis. This is reflected in our study by a sig- 
nificantly higher prevalence of patent ductus arterio- 
sus and a tendency toward higher PaO» levels in 
those surviving palliation, this group showing a lesser 
degree of metabolic acidosis. It seems likely that the 
improvement of metabolic status, and better preop- 
erative temperature control should further improve 
the surgical results of palliation. 

Medical management: Nearly all the patients in 
Group II received respiratory assistance immediately 
after surgery, and this has undoubtedly been a major 
factor in the improved surgical results. Acidosis 
should be corrected with sodium bicarbonate in ap- 
propriate doses. The role of isoproterenol in these pa- 
tients requires evaluation. Theoretically, it may be 
beneficial in several respects. By its positive inotro- 
pic action on the myocardium, it should result in im- 
proved cardiac output, which, combined with its 
vasodilatory effects on both pulmonary and systemic 
vasculature, should increase pulmonary and systemic 
blood flow and oxygen delivery to the tissues. 

Surgical management: Over the years we have 
evolved a certain policy for each malformation within 
this group of lesions. Pulmonary atresia with an in- 
tact ventricular septum is managed by combining 
balloon atrial septostomy with a Potts anastomosis?-4 
and pulmonary valvotomy where possible, whereas 
the Waterston shunt is used in tetralogy of Fallot. 
The Blalock-Taussig shunt has been abandoned be- 
cause of the high mortality rate associated with this 
procedure, probably due to failure to achieve an ade- 
quate shunt. Infant survival rates after shunt surgery 
for tetralogy of Fallot have been low in the reported 
experience.!!:2!-24 The mortality rate for palliation in 
cases of tetralogy of Fallot in this review is 39 percent 
and, although these are the severest cases of tetralo- 
gy, many are potentially correctable. The advent of 
surface cooling and deep hypothermia now provides 
an alternative approach of primary repair in these 
patients.*°-2’ If primary correction can be achieved 
with a mortality comparable to that of palliation then 
this would be preferable even though the long-term 
result of primary repair in the 1st month of life is un- 
known. 

Pulmonary atresia, tricuspid atresia and single 
ventricle with pulmonary stenosis are unlikely to be 
amenable to reparative surgery in the young infant in 
the near future and will continue to require pallia- 
tion. Optimal results in these patients can be 
achieved only by early referral and investigation, me- 
ticulous attention to their acid-base status and early 
palliative surgery. 
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The results of pulmonary arterial banding in 238 infants, 12 percent of 
the infants admitted to the New England Regional Infant Cardiac Pro- 
gram, is reviewed. Overall survival to age 1 year was 63 percent. Sur- 
vival was least likely (37 percent) in those who required banding with- 
in the 1st month of life. Additional surgery decreased the survival rate 
in those operated on after 1 month of age. Infants with anomalies for 
which no corrective surgical procedure is available (23 of 238) have 
only a 30 percent chance of survival. Those with lesions correctable 
within the 1st year (133 of 238) have a 74 percent survival rate; 52 
percent (82 of 238) of those for whom a curative operation is available 
after the 1st year survive. These pulmonary arterial banding data cou- 
pled with results of primary correction should provide the data base re- 
quired for an intelligent decision in respect to appropriate surgical 
treatment of infants with critical heart disease. 


In 1952, Damman and Muller! introduced pulmonary arterial band- 
ing in patients with a ventricular septal defect as a palliative proce- 
dure to decrease pulmonary blood flow and pressure. Since that time, 
the procedure has been used effectively in various congenital cardiac 
lesions, the majority of which are potentially correctable today. Be- 
cause surgical management at present is changing from providing 
palliation to performing early, primary repair, the relative risk of 
these two approaches requires careful evaluation. For this reason, we 
have reviewed the 5 year experience (1968 to 1973) with pulmonary 
arterial banding in all patients under 1 year of age in the New En- 
gland Regional Infant Cardiac Program. This program, which began 
in 1968, includes all infants born with congenital heart disease in 
New England who undergo cardiac catheterization, cardiac surgery or 
die within the Ist year of life and encompasses 11 centers (Table I) 
with facilities for diagnosing and treating these infants. It is hoped 
that by evaluating the clinical course of all patients in one region who 
underwent pulmonary arterial banding in several institutions with 
various facilities, the true effectiveness of the procedure may be bet- 
ter assessed than by surveying the limited and selective experience of 
one institution. 


Methods 


The mechanics for computerized data collection and coding of all infants 
with cardiac disease in the program were described by Fyler et al.? in 1972. 
This review includes all patients undergoing pulmonary arterial banding in 
the 1st year of life irrespective of type of lesion, presence of low birth weight 
or major associated anomalies. 

Survival to age 1 year was assessed by diagnosis, age at pulmonary arterial 
banding and influence of other surgical procedures at the time of banding. 
Relatively rigid criteria are used to assign each patient to major diagnostic 
categories, the relative frequency of which have remained constant over 5 
years of data collection. 

Arbitrarily, patients are classified into those with potentially correctable 


and currently uncorrectable lesions. Although such a divi- 
sion may be controversial, it is nonetheless useful for our 
purposes, particularly if one confines “correctable” lesions 
to those in which there have been published reports of suc- 
cessful total repair. 

Patients with potentially correctable lesions are further 
classified into those in whom corrective procedures are 
being accomplished before 1 year of age and those in whom 
surgical correction is performed only after 1 year of age. 

The decision to palliate with pulmonary arterial banding 
was based on the individual judgment of pediatric cardiolo- 
gists in the 11 centers. The indications included conges- 
tive heart failure not responding to medical management 
and prevention of development of pulmonary vascular ob- 
structive disease. 


Results 


The 5 year experience (July 1968 to June 1973) of 
the New England Regional Cardiac Program includes 
a total of 1,916 patients. Twelve percent (238) of 
these have undergone pulmonary arterial banding. 
Irrespective of diagnosis the overall survival rate to 
age 1 year was 63 percent. Included in the total num- 
ber of 238 are 7 who died at the time of “total correc- 
tion" and another 7 who died of unrelated causes 
such as pneumonia or aspiration. 

Associated noncardiac anomalies: Patients with 
severe associated noncardiac anomalies and low birth 
weight were analyzed separately to determine wheth- 
er these factors influenced survival. Among the 19 
patients with associated anomalies (8 with mongol- 
ism, 5 with central nervous system disorders, 2 with 
rubella syndrome, and 4 with genitourinary or renal 
disorders), the survival rate was 63 percent (12 of 19). 
Among the 21 infants with low birth weight (range 
1.44 to 2.25 kg), the overall survival rate was 57 per- 
cent (12 of 21). Since the survival rate of both these 
groups compares favorably with the total patient ex- 
perience, hereafter they are included in the overall 
results. 

Age of banding: In Table II, the patients are clas- 
sified by age at the time of pulmonary arterial band- 
ing. Those who underwent banding at less than 1 
month of age have the poorest survival rate (37 per- 
cent), probably because these infants tend to be more 
ill and often have more complex lesions. 

Banding alone or combined with other proce- 
dures: In Table III, survival data in patients who un- 
derwent pulmonary arterial banding alone is com- 
pared with survival in infants in whom banding was 
combined with other surgical procedures (atrial sept- 
ectomy, patent ductus arteriosus ligation or division, 
resection of coarctation). Infants who underwent 
banding alone had an overall survival rate of 76 per- 
cent; those with combined banding and other surgical 
procedures had an overall survival rate of 51 percent. 
A distinct relation between age at operation and sur- 
vival is again noted, although the additional surgical 
procedure does not seem to influence the already 
poor survival rate in the group operated upon before 
1 month of age. 

Correctable vs. uncorrectable lesions: The vari- 
ous lesions are divided into those potentially correct- 
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able and uncorrectable in Table IV; 90 percent of pa- 
tients (215 of 238) had potentially correctable lesions, 
and more than half of these lesions were correctable 
within the Ist year of life. Survival to 1 year of age 
(Table V) was greatest (74 percent) among infants 
with lesions correctable before age 1 year (ventricular 
septal defect with normally related or dextro- 
transposed great arteries). Survival decreased to 52 
percent in patients with more complex lesions poten- 


TABLE | 


New England Regional Infant Cardiac Program: 
Participating Centers 
Center and Physician City and State 
Hartford Hospital 
Leon Chameides, MD 
St. Francis Hospital 
Ellen Marmer, MD 
Yale-New Haven Hospital 
Norman S. Talner, MD 
Maine Medical Center 
Edward C. Matthews, MD 
Tufts-New England Medical 
Center Hospital 
Boston Floating Hospital 
for Infants & Children 
Marshall B. Kreidberg, MD 
Children's Hospital Medical 
Center 
Donald C. Fyler, MD 
Massachusetts General 
Hospital 
Allan Goldblatt, MD 
Dartmouth-Hitchcock 
Medical Center 
Richard J. Waters, MD 
Rhode Island Hospital 
Robert D. Corwin, MD 
Medical Center Hospital of 
Vermont 
Mary Fletcher Unit: 
Arthur M. Levy, MD 


Hartford, Conn. 
Hartford, Conn. 
New Haven, Conn. 
Portland, Maine 


Boston, Mass. 


Boston, Mass. 


Boston, Mass. 


Hanover, N.H. 


Providence, R.I. 


Burlington, Vt. 


TABLE Il 
Survival to Age 1 Year by Age at Banding 





Age at Surgery Patients: Patients Surviving 
0—30 days 54 20(37%) 
31—90 days 75 45(60%) 
3—12 months 109 84(77%) 
Total 238 149(63%) 
TABLE III 
Survival to Age 1 Year by Type of Operation 
Survivors Survivors 


Survivors Operated Operated 





Total Operated onat Age on at Age 
Pa- onat Age 1—<3 3—12 Total 
Procedure tients <1 Month Months Months Survivors 
Banding 111 5/13 22/31 57/67 84 
alone (38%) (71%) (85%) (76%) 
Banding 127 15/41 23/44 27/42 6 
and other * (3796) (5396) (64%) (51%) 
Total 238 20/54 45/75 84/109 149 
(37%) (58%) (77%) (63%) 





*Creation of an atrial septal defect, ligation of patent ductus 
arteriosus or coarctation resection. 
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TABLE IV 
Nature of Banded Defects 





Defect Patients (no.) 





Potentially Correctable Lesions 











Correctable within 1st year 133 (56%) 
Ventricular septal defect 
Simple 51 
Complex 49 
Dextrotransposition of great arteries + 33 
ventricular septal defect 
Correctable after 1st year 82 (34%) 
Single ventricle 20 
Atrioventricular canal 19 
Truncus arteriosus 15 
Double outlet right ventricle 11 
Complex coarctation of aorta 10 
Levotransposition of great arteries + 5 
ventricular septal defect 
Tricuspid atresia 2 
Currently Uncorrectable Lesions 
Hypoplastic left heart 17 (10%) 
Complex malposition 6 
Total 238 (100%) 





Figures in parentheses indicate percent of distribution within cate- 
gory. 


TABLE V 
Survival to Age 1 Year by Nature of Defects 


Patients 

Defect Patients Surviving 
Correctable within 1st year 133 99 (74%) 
Correctable after 1st year 82 43 (52%) 
Currently uncorrectable 23 7 (30%) 
Total 238 149 (63%) 


tially correctable only after 1 year of age (single ven- 
tricle, atrioventricular canal, double outlet right ven- 
tricle, truncus arteriosus, corrected transposition of 
great arteries, complex coarctations, tricuspid atre- 
sia). Among the small group in whom total repair was 
not feasible only 30 percent survived with palliation. 
If one considers the survival data in terms of anato- 
my, the group with simple ventricular septal defect 
had, as expected, the highest survival rate (92 per- 
cent) (Table VI). Those with a complex ventricular 
septal defect (that is, defect with patent ductus or 
coarctation) requiring additional surgical procedures 
had a poorer survival rate (67 percent) as did those 
with dextrotransposition of great arteries (58 per- 
cent). Among patients with lesions correctable after 
age 1 year the best results were seen in patients with 
double outlet right ventricle (82 percent survival), 
whereas those with truncus arteriosus (33 percent) 
and complex coarctations (40 percent) had poorer re- 
sults (Table VIB). The 23 patients with uncorrecta- 
ble lesions (10 percent of all patients with pulmonary 
arterial banding), including those with hypoplastic 
left heart syndrome and complex malpositions (het- 
erotaxy syndrome and dextrocardia with complex 


TABLE VI 


Survival to Age 1 Year In Patients with Potentially 
Correctable Lesions 





Defect Patients (no.) Survival 





A. Lesion Potentially Correctable Within 1st Year 





Ventricular septal defect 


Simple 51 47 (92%) 
Complex 49 33 (67%) 
Total 100 80 (80%) 
Dextrotransposition of great 
arteries + ventricular 
septal defect 
Banding +/— balloon atrial 7 5 (71%) 
septectomy 
Band + other surgery * 26 14 (54%) 
Tota! 33 19 (58%) 
Overall 133 99 (74%) 


B. Lesion Potentially Correctable After 1st Year 


Single ventricle 20 11 (55%) 
Atrioventricular canal 19t 10 (53%) 
Truncus arteriosus 15 5 (33%) 
Double outlet right ventricle 11 9 (82%) 
Complex coarctation 10 4 (40%) 
Levotransposition of 5 3 (60%) 
great arteries 
Tricuspid atresia 2 1 (50%) 
Total 82 43 (52%) 


* Creation of atrial septal defect; ligation of patent ductus arter- 
iosus. 


t Includes 8 patients with mongolism, 3 surviving. With elimination 
of these data the corrected survival rate is 64 percent. 


anatomy) had uniformly poor results (30 percent sur- 
vival rate). 

Table VII shows survival to 1 year of age as deter- 
mined by operability of lesion, age at pulmonary ar- 
terial banding and addition of other surgical proce- 
dures. Clearly, the younger infants with the more 
complex lesions who underwent banding in combina- 
tion with other surgical procedures had the poorest 
survival rates. Conversely, the somewhat older pa- 
tients (1 to 3 months) who had a lesion potentially 
correctable within the lst year and who underwent 
banding alone had the best results. 


Discussion 


Experience with pulmonary arterial banding as a 
palliative procedure for lesions with high levels of 
pulmonary blood flow and pressure has advanced 
considerably since the procedure was first described 
in 1952. Numerous reports have described both the 
advantages and complications, and the results of sev- 
eral large series? have been comparable with ours. 
The overall survival rate after pulmonary arterial 
banding in infants with complex congenital heart dis- 
ease has been reported® to be 68 percent (41 of 60), 
somewhat higher than our 52 percent rate (43 of 82). 
Poor survival in this group, as in our experience, was 
related to performance of surgery at an early age. 

Since 11 different centers are providing data for 
our patient pool, which represents at least 80 percent 
of the infants with serious cardiac lesions in New En- 


TABLE VII 
Survival by Lesion and Age at Banding 


PULMONARY ARTERIAL BANDING—DOULEY E! AL. 


NIME SS NN an ee VS Sr ————— MM m obli i Mi. oL... nr IA c DITS LANG INMEDTS MD MD ED CNEEUECI URS 


Banding at 
0—1 Month 
T S T 
Lesion potentially correctable 
Within 1st year 
Banding 3 2 11 
Banding * other procedure 20 8 27 
Total 23 10(42%) 38 
After 1st year 
Banding 8 2 14 
Banding + other procedure 15 6 13 
Total 23 8(36%) 27 
Uncorrectable 
Palliate/uncorrectable 
Banding 2 1 6 
Banding + other procedure 6 1 4 
Total 8 2 10 
Overall total 54 20(37%) 75 


Banding at Banding at 
1—3 Months 4—12 Months Total 
S T S T S 
9 45 42 59 53(89.8%) 
17 27 21 74 46(62.1%) 
26(68%) 72 63(88%) 133 99(74%) 
9 22 15 44 26(59%) 
6 10 5 38 17(44.6%) 
15(56%) 32 20(63%) 82 43(52%) 
4 0 0 8 5 
0 5 1 15 2 
4 5 1 23 7(31%) 
45(58%) 109 84(77%) 238 149(62.6%) 





S = survivors; T = total number of patients. 


gland,’ these results are unique and may be used to 
assess results in other areas of the country. Compara- 
ble data from other regions are unavailable 
at present. 

Indications for banding in uncorrectable de- 
fects: The infants with banding in our series includ- 
ed patients with a variety of lesions, only 10 percent 
of which are presently considered uncorrectable. The 
survival data in this group with uncorrectable lesions 
was poor; less than one third reached their 1st birth- 
day. Therefore, we do not recommend with great en- 
thusiasm pulmonary arterial banding in this group of 
patients, since the survival rate of those with banding 
is poor and complete correction is not possible. 

Indications for banding in defects potentially 
correctable after the 1st year of life: Of great in- 
terest are infants with defects potentially correctable 
after the 1st year of life (82 of 238). They had a 52 
percent overall survival rate, with the 11 patients 
with double outlet right ventricle having an 82 per- 
cent survival rate. Hartmann et al? also reported 
that patients with this lesion, particularly those with 
a subpulmonary ventricular septal defect, derived 
considerable benefit from banding. Khattri et al? 
showed that long-term survival of patients with dou- 
ble outlet right ventricle and valvular pulmonary ste- 
nosis was considerably better than in those without 
pulmonary stenosis. The 19 patients with atrioven- 
tricular canal, approximately one quarter of the 
group with banding and a lesion potentially correct- 
able after 1 year of age, had a survival rate of 53 per- 
cent; if one eliminates data on the eight patients with 
mongolism, the survival rate increases to 64 percent. 
Utley!? has shown that many factors influence the 
outcome of banding in atrioventricular canal. They 
postulate that banding in this lesion, although bene- 
ficial in decreasing pulmonary arterial pressure and 
reducing work of breathing, may actually worsen con- 
gestive heart failure by increasing right ventricular 


afterload and tricuspid regurgitation. Patients with 
significant mitral regurgitation may also show deteri- 
oration after banding. 

In view of the rapid advances in corrective surgery 
and the relatively favorable survival data in this 
group as a whole, we recommend that all patients in 
this category, especially those with atrioventricular 
canal and double outlet right ventricle, who exhibit 
congestive heart failure or pulmonary arterial hyper- 
tension undergo pulmonary arterial banding in early 
infancy. 

Indications for banding in defects correctable 
in lst year of life: Finally, in patients with defects 
correctable within the 1st year of life, the survival — 
rate with banding was an acceptable 74 percent (92 — 
percent for infants with a simple ventricular septal 
defect). It is in this same large group of patients that 
the impetus for early surgical correction is greatest. 
Castenada!! has reported a survival rate of 92 per- . 
cent (34 of 37) using deep hypothermia for primary 
repair in infants with a ventricular septal defect, al- 
though two of these patients required simultaneous 
pulmonary arterial banding because of incomplete . 
closure of the defect noted at surgery. The use of hy- | 
pothermia began subsequent to the collection period 
for this report. Although primary correction avoids 
the jeopardy of two surgical procedures, and the eco- 
nomic and psychological problems inherent in two . 
cardiac operations, definitive proof of its relative 
merit over the procedures of primary banding and 
secondary correction is still awaited. The data re- 
ported here provide a base line for comparison with 
results of primary repair. Pulmonary arterial banding © 
in patients with a complex ventricular septal defect 
(associated atrial septal defect, patent ductus arterio- 
sus or coarctation of aorta) had a poorer survival rate 
(67 percent), reflecting in most instances sicker in- | 
fants and the hazard of additional surgical proce- 
dures. Identification of associated lesions is difficult . 
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but mandatory since banding alone may not improve 
the condition of these infants and may even hasten 
deterioration. 

Indications for banding in dextrotransposition 
of great arteries and ventricular septal defect: 
Patients with dextrotransposition of great arteries 
and ventricular septal defect had a 71 percent surviv- 
al rate; this decreased, however, to 54 percent if addi- 
tional surgery (patent ductus ligation or atrial septec- 
tomy) was necessary. Waldhausen et al.!? reported a 
higher survival rate (70 percent) in a small series of 
patients having surgical atrial septectomy and band- 
ing. Ferencz!* reviewed the microscopic lung sections 
of 106 patients with dextrotransposition of great ar- 
teries and ventricular septal defect and found grade 
3-4 vascular changes (Heath and Edwards' classifica- 
tion) present in patients as early as age 6 months. 
Plauth et al.'* showed that pulmonary vascular ob- 
struction developed as early as age 3 months with an 
average of 5 1/2 years in the patients they studied. 
Newfeld et al.!? showed that in patients with this le- 
sion grade 3-4 changes may be seen as early as age 6 
months and is the rule after 1 year. In view of these 
data indicating the inevitability of early pulmonary 
vascular obstructive changes in this group, surgical 
intervention before age 6 months is mandatory. 'The 
very poor survival rates after “primary correction" in 
most centers in infants less than 1 month old make 
banding the operation of choice in the neonate al- 
though the results are far from optimal. Whether 
"primary correction" or banding should be the proce- 
dure of choice between the neonatal period and age 6 
months is not known. Breckenridge et al.!6 reported 


repair before age 1 year in nine patients with trans- 
position of great arteries and ventricular septal de- 
fect. Between 1967 and 1970 none of four patients 
who underwent correction survived, whereas in 1971 
five corrections were attempted with four survivors. 
If the patient's clinical condition allows conservative 
treatment to age 6 months, then total correction is 
the plan of choice today. 

Present surgical recommendations: Considering 
present day results of cardiac surgery, the following 
suggestions may be reasonable: 

1. Pulmonary arterial banding in the group with 
currently totally uncorrectable lesions is not recom- 
mended except in unusual circumstances (that is, 
symptomatic relief when there is a possibility of a 
long survival time). 

2. Early pulmonary arterial banding is the proce- 
dure of choice for infants with defects presently cor- 
rectable after age 1 year, since it offers the only hope 
for later correction. 

3. Pulmonary arterial banding is an acceptable pal- 
liative operation for patients with a large ventricular 
septal defect, with or without transposition of the 
great arteries, in institutions that do not have a large 
patient volume and extensive experience in infant 
cardiovascular surgery. In the large centers with pe- 
diatric cardiology and cardiovascular surgery teams, 
primary correction is probably, but not unquestion- 
ably, preferable. Patients with a large ventricular 
septal defect, particularly those with transposition of 
the great arteries, should have palliative or corrective 
surgery within the first 6 months of life, if long-term 
survival is desired. 
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The results of a recent 5 year experience with resection of coarctation 5 
of the aorta in infants less than 1 year of age are compared with those 
of an earlier series from the same institution. The significant improve- 
ment in mortality and morbidity statistics is attributed to modifications 
in operative and postoperative care. Operative mortality has de- 
creased from 38 to 17 percent and the incidence rate of significant re- _ 
stenosis has diminished from 60 to 33 percent. It is suggested that in $ 
patients with a large associated intracardiac shunt banding of the main 
pulmonary artery should be performed before resection of the coarcta- — 


tion. Three of five patients have survived procedures performed in this 
sequence. Microsurgical techniques and careful approximation of the 
aortic lumen with interrupted sutures are the major factors responsible 
for the reduced incidence of recoarctation. Prolonged ventilatory sup- 
port postoperatively with the occasional addition of controlled positive 
airway pressure and continued aggressive medical therapy for heart 


failure are recommended. 


Surgical resection of coarctation of the aorta in infants less than 1 | 
year of age remains a challenging endeavor. Nevertheless, there is. 

general agreement that children with uncontrolled congestive heart 
failure despite aggressive medical management should undergo coarc- _ 
tectomy.'-? Factors that unfavorably influence the results in these in- - 
fants include the degree of left ventricular failure and the presence of — 
severe intracardiac and extracardiac vascular anomalies. It is well es- x 
tablished therefore that preparation for resection should include ag- 
gressive therapy with digitalis and diuretic agents along with cardiac 
catheterization and accurate assessment of the associated anomalies. | 
Acceptable mortality figures have ranged between 25and 45 percent. 1:4:6- 


3 The operative mortality rate in the initial series of patients from 


this institution was 36 percent (Table I). This report describes the - 
improved results achieved in the last 5 years and attempts to define - 
responsible modifications in the operative and postoperative care of 


these children. 


Large cardiac shunts at the ventricular level are among the more © 
common lesions associated with infantile coarctation, and banding of . 


the main pulmonary artery should be carried out at the time of resec- ; 


tion.^9.1? However, with the initial excision of the coarctation, clamp- - 
ing of the aorta will increase the impedance to aortic flow which, in | 


the absence of an intraventricular gradient, will increase pulmonary 


blood flow and, hence, left ventricular diastolic filling. Thus, an ex- - 


cessively afterloaded left ventricle becomes also excessively volume 
loaded and the result may be acute intraoperative left ventricular 
failure. We therefore contend that the band should be applied before 
coarctectomy. The maintenance of aggressive medical therapy and 


strict attention to ventilatory support in the postoperative period are — 


suggested as further reasons for the improvement in survival rates. 


The development of stenosis at the site of resection, recreating the A 


Meo. AN 
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pathophysiologic features of coarctation, probably 
occurs as a consequence of several factors.!!-1* Our 
recent adaptation of microsurgical techniques similar 
to those utilized in coronary arterial surgery has sig- 
nificantly diminished the frequency of this complica- 
tion. With the development of hemodynamically sig- 
nificant stenosis after resection, all patients have re- 
mained asymptomatic with medical therapy. The 
management of recurrent coarctation is safe and ef- 
fective, and therefore apprehension concerning this 
complication should not delay the initial procedure 
in these young children.!! 


Surgical Methods 


— Operative procedures: The coarcted segment was ex- 
posed through a left posterior thoracotomy. The third in- 
terspace was entered. The pleura overlying the distal arch 
and proximal descending aorta was incised longitudinally 
with reflection medially and laterally. The left subclavian 
artery, distal arch and descending thoracic aorta proximal 
and distal to the coarctation were looped with tapes. Care 
was taken to preserve all distal collateral vessels. 

— Mf catheterization data revealed a large intracardiac 
shunt with equal systemic and pulmonary arterial pres- 
sures, a banding procedure on the main pulmonary artery 
was performed. The pericardium was opened longitudinally 
anterior to the left phrenic nerve and the band applied 
until there was a sustained increase in aortic pressure. A 
patent ductus arteriosus or ligament was triply ligated. 
Small coarctation clamps were applied and the involved 
segment excised. An end to end anastomosis was accom- 
plished in all cases. Frequently the proximal lumen includ- 
ed the origin of the left subclavian artery so that the two 
aortic ends were nearly equal in size. The anastomoses were 
carried out with 7-0 and 8-0 suture material in interrupted 
fashion. 

Postoperative management: This involved careful at- 
tention to ventilatory support as well as continued aggres- 
sive therapy of the congestive heart failure. Often these 
children received respiratory support for 24 to 72 hours, 
with frequent monitoring of their arterial blood gases. 
When pulmonary congestion and associated pneumonia de- 
veloped, controlled positive airway pressure was added to 
the ventilatory support regimen to improve arterial oxygen 
saturation. All patients received postoperative antibiotic 
therapy, usually ampicillin, 11 mg/kg body weight, and 
kanamycin, 15 mg/kg intramuscularly in divided doses. 


Results 


During the past 5 years, 18 children less than 1 
year of age with coarctation of the aorta and associ- 
ated heart failure were operated upon (Table II). 
Nine patients were less than 2 weeks of age and the 
smallest child weighed 1,100 g. Sixteen patients (89 
percent) had severe additional intracardiac and ex- 
_tracardiac vascular anomalies, with five patients (28 
percent) requiring pulmonary arterial banding at the 
time of resection (Table I). 

Mortality: There were no intraoperative deaths. 
Two early deaths (Cases 1 and 6) occurred at 12 and 
14 hours postoperatively. Both infants died with pro- 
found cardiac failure. One patient had corrected 
transposition of the great vessels with atrioventricu- 
-]ar communis and underwent banding at the time of 


TABLE | 


Results of Surgical Resection for Coarctation of Aorta 
(1960—66 and 1969—74) 





1960—66 1969—74 





Patients (no.) 14 18 

Age range 2 days to 11 months 2 days to 1 year 

Incidence of associated 12 of 14 (86%) 16 of 18 (89%) 
cardiac malformations 


Incidence of pulmonary Oof 14 (0%) 5 of 18 (28%) 
arterial banding in 
association with 
coarctectomy 
Early mortality 4 of 14 (29%) 2 of 18 (12%) 
Late mortality 1 of 14 (7%) 1 of 18 (5%) 





resection. The second child had aortic valvular steno- 
sis and an atretic aortic arch. A late death occurred 
31 days postoperatively in a patient (Case 8) with a 
secundum atrial septal defect, large ventricular sep- 
tal defect and hypoplastic left ventricle. This patient 
also had a pulmonary arterial banding as well. The 
other children who underwent pulmonary arterial 
banding in association with coarctectomy survived 
(Table IT). 

Follow-up: Information is available on all 15 sur- 
vival patients (Table III). The majority have had 
Doppler blood pressure measurements. Five patients 
(36 percent) have a significant gradient of 20 mm Hg 
or more between the upper and lower limbs. Only one 
patient (Case 2) has significant hypertension in the 
arms, but she remains asymptomatic with medical 
therapy. 


Comments 


Infants with coarctation of the aorta and conges- 
tive heart failure present challenging problems to all 
involved in their care. More than 75 percent of these 
children have severe associated cardiac or great ves- 
sel anomalies which by reason of shunt or obstructive 
phenomena place added strain upon the left ventri- 
cle.79:1519 Among the most common abnormal cardi- 
ac communications are ventricular septal defect and 
persistent common atrioventricular (A-V) canal. 
Becker et al.? reported that 36 percent of their cases 
had these lesions. Tubular hypoplasia of the aorta, 
underdevelopment of the left heart chambers and ob- 
structive lesions involving the mitral valve and left 
ventricular outflow tract are often described. Endo- 
cardial fibroelastosis is frequently associated with 
and considered to be secondary to coarctation of the 
aorta, severe aortic stenosis or aortic atresia.!6 

When these severe anomalies are present attempts 
at medical management alone are understandably di- 
sastrous. and, indeed, surgical intervention is often 
futile. There is little doubt that the more advanced 
the anomaly, the worse the prognosis, whatever the 
treatment regimen. The mortality rate associated 
with surgical resection has ranged between 25 and 45 
percent. The results in a group of infants operated 
upon in an earlier era at our institution were not dis- 
similar. These figures represent considerable im- 


TABLE II 


Coexisting Cardiac Anomalies and Results of Surgery for 
Coarctation of Aorta (1969—74) 


EY 


Case Age at 
no. Operation Anatomic Diagnosis Operation Result 
POS WS oye Ms ARSE Rode e ate E Pe Oe Ee DH e eS 
1 2days Coarctation, VSD, Coarctectomy Early 
ASD, hypoplasia of death 
ascending aorta 
2 3days Coarctation, PDA Coarctectomy Alive 
(1,100 g wt) and well 
3 5days Coarctation, PA banding, Alive 
ASD, VSD, PDA coarctectom y and well 
4 7days Coarctation, PA banding, Alive 
VSD, PDA coarctectomy — and well 
5 9days Coarctation, ASD Coarctectomy Alive 
and well 
6 10 days Coarctation, PA banding, Early 
corrected TGV, coarctectomy death 
A-V canal 
7 2weeks Coarctation, PDA Coarctectomy Alive 
and well 
8 2weeks  Coarctation, PA banding, Late death 
ASD, VSD, coarctectomy 
LV hypoplasia 
9 2weeks  Coarctation, Coarctectomy Alive 
pulmonary and well 
hypertension 
10 3weeks Coarctation, VSD Coarctectomy Alive 
(1,500 g wt) and well 
11 1month Coarctation, VSD PA banding, Alive 
coarctectom y and well 
12 4 months Coarctation, EFE Coarctectomy Alive 
and well 
13 5 months Coarctation, Coarctectomy Alive 
PDA, EFE and well 
14 1 year Coarctation, EFE Coarctectomy Alive 
and well 
15 1 year Coarctation, PDA Coarctectomy Alive 
and well 
16 3 months Coarctation Coarctectomy Alive 
and well 
17 4 months Coarctation, EFE Coarctectomy Alive 
and well 
18 7 days Coarctation, ASD Coarctectomy Alive 
and well 


E e i M ——— 


ASD = atrial septal defect; A-V = atrioventricular; EFE = endo- 
cardial fibroelastosis; LV = left ventricular; PA = pulmonary arterial; 
PDA = patent ductus arteriosus; TGV = transposition of the great 
vessels; VSD = ventricular septal defect; wt = weight. 


provement over medical therapy alone since most of 
these ill children die without surgical intervention. 
Recent modifications in our operative and postopera- 
tive technique have contributed to further improve- 
ment in the statistics. 

Indications for and timing of pulmonary arte- 
rial banding: Many of these children have a large 
ventricular septal defect or severe endocardial cush- 
ion defect with pulmonary overcirculation and hyper- 
tension. Areas of major concern therefore are the 
indications for and timing of pulmonary arterial 
banding. Any child with a large intracardiac left to 
right shunt whose ventricular pressures are equal 
should undergo coincident banding. This maneuver 
must precede the resection of the coarctation in order 
to avoid the acute exacerbation of left ventricular 
failure due to further volume overload. We disagree 
with Litwin et al.!? that “prior aortic resection and 
anastomosis protects against the possible adverse ef- 
fects of simultaneously embarrassing both ventri- 
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TABLE III 
Follow-Up of Patients (1969—74) 


Pressure Gradient 


Length of 
Case Age at Follow-Up Between Upper and : 
no. Resection (mo) (mo) Lower Limbs (mm Hg) 
iLa a a ħħ 
2 3 2 None 
3 1 wk 22 28 (110/92; 82/60) 
4 1 wk 37 None 
5 2 wk 37 66 (136/104; 70/0) 
7 2 wk 21 14 (104/90; 90/40) | 
9 2 wk 34 44 (126/90; 82/60) 
10 3 wk 36 50 (145/90; 95/0) 
11 1 12 None à 
12 4 23 None : 
13 12 37 12 (11/84; 98/80) — 
14 5 30 14 (112/80; 98/84) - 
15 3 2 None 
16 3 2 None 
17 4: 3 None 
18 1 wk 2 None 





cles." On the contrary, it has been our experience 


re, eS 
ERAN 


PUR 


: r 
"ERa R "bd » ris > 
i". aS et PERSE et 


SL wi wu Se 


-> o 


Ge Wl ote, 
Ae A BSS) o 


that volume overload of the already compromised left — 
ventricle (with the initial resection of the coarcta- . 


tion) has proved consistently detrimental. Five pa- | 
tients in our recent series have had pulmonary arteri- — 
al banding (Cases 3, 4, 6, 8 and 11, Table II). One © 
(Case 4) died 12 hours postoperatively and was found © 


- 
Ls 


to have corrected transposition of the great vessels — 
with a complete A-V canal. A second patient (Case 8) . 
died 1 month postoperatively from severe congestive 


heart failure. Postmortem examination of this pa- 


tient demonstrated a secundum atrial septal defect, | 
large ventricular septal defect and hypoplasia of the . 


left ventricle. In one patient (Case 10) with a small - 
interventricular gradient (20 mm Hg) a temporary - 
band was placed before coarctectomy and immedi- 


ately removed after resection. 


There is currently enthusiasm for the primary re- - 
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pair of congenital heart defects utilizing deep hypo- — 
thermia techniques, and total correction of a coarcta- - 


tion and ventricular septal defect may be carried out. 
Again, in the presence of a large shunt, temporary - 


VP. Toa 


banding of the pulmonary artery should be per- 


formed before resection of the coarctation. 


Indications for surgical resection: Nine children © 
had less significant or no associated malformations. . 


There were no postoperative deaths in this group. 
Consequently we believe that any child less than Li. 


m 


Ja 4 


3 


year of age with coarctation of the aorta and associ- 7 
ated left ventricular failure should have surgical re- 


section. It has been our experience that although - 


ix 


some infants manifest improvement in the first 24 to 


48 hours of medical therapy, most become even Modes 
desperately ill or die suddenly before correction can- 
be performed. Furthermore, persistent hoper cmi aA 
in the arms, multiple hospitalizations, failure to 
thrive and continued stress upon the left ventricle 
and arterial system have influenced this decision. We . 
therefore initiate intensive digitalis and diuretic . 
therapy, perform cardiac catheterization, and within | 
48 hours operate upon all infants with proved coarc- - 
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tation who have presented with congestive heart fail- 
ure. 

Recoarctation: A most important criticism of 
coarctation resection in infancy is that anastomotic 
stenosis frequently redevelops.!?-1416-18 The severity 
and time sequence for the development of this com- 
plication are quite variable. Factors involved in the 
recreation of the coarctation are probably multiple 
and include (1) inadequate anastomotic lumen, (2) 
thrombosis at the anastomotic site, (3) failure of the 
anastomosis to grow, and (4) retention of abnormal 
aortic tissues that provide progressive obstruction 
through the development of proliferative intima or 
hyperplastic media. Moderate stenosis (gradient be- 
tween upper and lower limbs of 20 mm Hg or more) 
may not be associated with hypertension or left ven- 
tricular failure. Eight of 20 unselected patients pre- 
viously reported on were in this category and were 
followed up.' Four additional patients had signifi- 
cant hypertension of the upper limbs and required 
reoperation. Twelve patients (60 percent) in the ear- 
lier series therefore demonstrated some degree of 
anastomotic stenosis. Simple and safe techniques for 
the resection of a recurrent coarctation have been de- 
veloped and the relief of hypertension or pressure 
gradients between the arms and legs may be reduced 
or abolished.!! 

In the recent group, 5 of 15 children (33 percent) 
followed up an average of 20.6 months have signifi- 


cant blood pressure gradients. Only one child (Case 
2) has severe hypertension. She weighed 1,100 g at 
the time of resection and showed evidence of recur- 
rent coarctation 2 weeks postoperatively. This pa- 
tient has been followed up for 22 months and is doing 
well on medical therapy. The four other children 
have gradients greater than 20 mm Hg, but none is 
severely hypertensive. The reduction in the incidence 
of recoarctation may be attributed to modifications 
in surgical technique. All involved tissue must be re- 
moved and the approximated lumens should be of 
near equal caliber. This often requires that the proxi- 
mal portion of the left subclavian artery be utilized in 
the creation of a proximal lumen. The suture materi- 
al used should be fine, that is 7-0 or 8-0 in size, and 
placed in interrupted fashion through the entire 
anastomosis. 

Postoperative management: Since many of these 
patients have profound heart failure preoperatively 
we have been most attentive to ventilatory support in 
the postoperative period. Arterial blood gases are 
monitored closely and, with the development of pul- 
monary edema, atelectasis or pneumonia, arterial 
oxygen saturation may be maintained with the use of 
controlled positive airway pressure. Antibiotic thera- 
py and frequent suctioning are utilized to control 
pneumonic infiltrates, and endotracheal tubes are 
often left for 24 to 72 hours. Aggressive digitalis and 
diuretic therapy is continued as preoperatively. 
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Cardiac catheterization of small infants can be performed by the per- 


cutaneous technique using materials readily available from commercial 


sources. Twenty infants averaging 3.0 kg (range 1.3 to 4.1 kg) under- 
went percutaneous sheath cardiac catheterization in a 12 month peri- | 
od. After refinement of the technique, cardiac catheterization in all 
small infants was attempted percutaneously with a 90 percent rate of 
success. This percutaneous approach has distinct advantages for the 
small infant because it is performed rapidly, preserves venous integrity - 
and has a low rate of morbidity. | 


The advantages of percutaneous sheath cardiac catheterization in 
children are well known. Generally, the technique is quickly per- 

formed, preserves vascular integrity, minimizes formation of scar tis- 
sue, allows rapid exchange of catheters, reduces the threat of infec- 
tion from a cut-down procedure and is readily acceptable to the pa- 
tient and his parents. However, percutaneous sheath cardiac cathe- 
terization has not been widely used in small infants. Of 126 cardiac 
catheterizations performed in infants under 5 kg, only 4 were success- - 
fully done by the percutaneous technique in one large series.! This re- 
port describes the performance of cardiac catheterization by percuta- 
neous sheath technique in 20 infants weighing less than 4.2 kg during 
a 12 month period. The materials used were readily available from — 
commercial sources. 


Materials and Methods 


The technique of percutaneous sheath cardiac catheterization has been 
well described.!-? In small infants, a no. 5F percutaneous Teflon? sheath and | 
dilator unit (U. S. Catheter and Instrument Corp.) is used. The femoral vein © 
is entered with a 21 gauge, thin-wall, short bevel, scalp vein needle (Abbott - 
Laboratories) from which the plastic tubing has been cut (Fig. 1). After a 
brisk flow of venous blood, a 0.045 cm (0.018 inch) diameter guide wire is ad- 
vanced cautiously. Frequently, little to no resistance is met if the needle has — 
entered the vein at a 45? to 60? angle and the guide wire can be manipulated. 
above the diaphragm. If resistance to the wire insertion is met, slight with- 
drawal and more horizontal angulation of the needle may allow advancement 
of the guide wire. It is important to withdraw the tip of the wire into the nee- 
dle lumen while manipulating the needle; otherwise, the guide wire tip may 
remain in an undesirable position along the vein wall and will be little af- 
fected by manipulation of the needle. Once the guide wire has been advanced 
above the diaphragm, the needle is removed and a 2 to 3 mm incision is made 
with a no. 11 blade to enlarge the puncture. After blunt dissection with a 
fine-pointed straight mosquito hemostat through the subcutaneous tissue, 
the plastic cannula from an 18 gauge Argyle Medicut® (Sherwood Medical In- 
dustries) is advanced over the guide wire into the subcutaneous tissue and - 
femoral vein. 'The cannula is deeply advanced with approximately 1.0 cm of 
hub protruding above the skin surface to produce further dilatation of the 
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subcutaneous tract and vein. After removal of the cannula, 
the no. 5 Teflon sheath and dilator can then be inserted in 
the vein over the guide wire with no difficulty. At the end 
of the cardiac catheterization, the sheath and catheter are 
removed and a pressure dressing is applied after hemosta- 
3is is achieved with finger pressure. 


Results 


Success rate: From December 1973 to April 1974, 
four of eight percutaneous attempts in small infants 





FIGURE 1. Percutaneous sheath cardiac catheterization in small in- 
‘ants. A, the scalp vein needle is grasped with the wings of the nee- 
jle apposed. The operator’s left index finger uses the right femoral 
artery as a landmark. B, after the 0.018 inch guide wire is advanced, 
he needie is removed while the left index finger immobilizes the 
juide wire by pressure over the vein. C, a straight hemostat creates 
1 subcutaneous tract to the vein after the puncture is widened to 2 
o 3 mm by no. 11 blade. D, a plastic cannula is advanced over the 
juide wire, dilates the subcutaneous tract and vein, then removed. 
=, the sheath and dilator unit is advanced over the guide wire into 
he vein. The dilator is withdrawn, and the catheter is then inserted 
nto the sheath. 


were successful. In the following months through No- 
vember 1974, all cardiac catheterizations in small in- 
fants were attempted by the percutaneous technique, 
which was successful in 16 of 18 infants (89 percent). 
In most infants, the time for percutaneous insertion 
required less than 3 minutes. The average weight of 
the 20 infants in whom the percutaneous technique 
was used successfully was 3.0 kg (range 1.3 to 4.1 kg) 
(Fig. 2). After the technique was refined, failures oc- 
curred in two infants weighing 2.6 and 3.4 kg, respec- 
tively. No ready explanation for the failures was ap- 
parent; the catheterizations proceeded uneventfully 
by cut-down technique. 

In very small infants the thinner arterial sheath of 
polypropylene (no. 5F) is recommended. This sheath 
was used in the smallest infant (1.3 kg) and there was 
no discernible cyanosis or edema of the leg 4 hours 
after the procedure. 

Variety of clinical cases: Patients with a wide 
range of congenital heart diseases are represented in 
this report. There were three infants with critical 
pulmonary valve stenosis, three with tricuspid atre- 
sia, two with endocardial cushion defect, two with 
single ventricle and two with hypoplastic left heart 
syndrome. The remaining diagnoses included simple 
ventricular septal defect, atrial septal defect, mild 
pulmonary valve stenosis, double outlet right ventri- 
cle without pulmonary stenosis, coarctation of the 
aorta, peripheral pulmonary arterial stenosis and 
patent ductus arteriosus. One infant with normal 
findings was suspected to have had thrombosis of the 
inferior vena cava. No infants with simple transposi- 
tion of the great arteries were encountered. When 
that diagnosis is made, balloon atrioseptostomy can 
be performed through a no. 7 sheath* after progres- 
sive venous dilatation. 

Left heart catheterization: Since left heart entry 
with a venous catheter is usually possible in the in- 
fant, arterial catheterization is not usually required. 
Occasionally the left heart catheterization cannot be 
accomplished by the venous catheter and, in some in- 
fants, selective aortograms are essential. The percu- 
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FIGURE 2. Weight distributions in infants undergoing percutaneous 
sheath cardiac catheterization. 


taneous arterial catheterization is identical to venous 
cannulation but the thinner arterial sheath of poly- 
propylene is used. Two infants not included in this 
series underwent percutaneous femoral arterial can- 
nulation for aortograms in the evaluation of aortic 
arch anomalies. There was no morbidity associated 
with this procedure; arterial pulsations were intact 
after the catheterization. 

Morbidity: Four infants had some cyanosis and 
mild swelling of the leg for 6 to 24 hours after cathe- 
terization without signs of arterial occlusion. No un- 
usual bleeding occurred from the puncture site. 
Slight ecchymoses were observed occasionally. No 
large hematomas or infections were encountered. 


Discussion 


The technique of percutaneous sheath cardiac 
catheterization is applicable to the small infant. It is 
suggested that previously reported failures! were at- 
tributable to the use of relatively large needles and 
guide wires in the small femoral vein of the infants. 
Fortunately, miniature equipment for the successful 
application of the percutaneous technique to small 
infants is readily available in the form of the 21 gauge 
scalp vein needle and the 0.045 cm (0.018 inch) diam- 
eter guide wire. The routine use of a plastic cannula 
from an 18 gauge Argyle Medicut® to dilate the sub- 
cutaneous tract and vein has greatly facilitated the 
introduction of the sheath and dilator unit over the 
delicate 0.045 cm diameter guide wire. Kinking of the 
guide wire with difficulty in advancement of the 
sheath and dilator has not been a problem. The en- 
tire technique is easily taught and readily learned by 
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physicians in training. Two physicians with less than 
1 year’s experience in the cardiac catheterization lab- 
oratory have successfully performed the catheteriza- 
tion in some of these infants. 

Advantage over cut-down procedure: In our ex- 
perience, cardiac catheterization with the cut-down 
technique may often be difficult in small infants be- 
cause of the small caliber of the veins. These small 
veins may accommodate only small catheters (such as 
no. 4F) that have poor angiographic capability. Fem- 
oral venotomy, on the other hand, sometimes re- 
quires ligation of the vein at the close of the proce- 
dure. Without the indwelling sheath, the femoral 
vein may be severely traumatized with exchange of 
catheters and by the motion of the catheters within 
the vein. Signs of venous stasis for days after a cut- 
down procedure are not uncommon. Frequently, sub- 
sequent procedures cannot be performed on the side 
of a cut-down procedure because of femoral vein oc- 
clusion. In contrast, the percutaneous technique is | 
rarely difficult or lengthy in small infants and ap- 
pears to preserve femoral venous integrity in a large 
percentage of them. A no. 5F catheter can be used 
routinely with good angiographic results. Neither the 
size of the infant nor the severity of the cardiovascu- 
lar lesion limits the success of the percutaneous tech- 
nique. 
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The studies on natural history of ischemic heart disease are reviewed 
and the major predictors of mortality identified. The severity of the cor- 
onary atherosclerosis and the status of ventricular function are found 
to be more important predictors of survival than the clinical presenta- 


tion. The objectives of therapy in patients with ischemic heart disease 


are (1) to improve the quality of life by reducing symptoms, (2) to im- 
prove ventricular function, and (3) to increase survival time. The re- 
sults of surgical therapy are examined in relation to these three objec- 
tives. 

Symptomatic improvement is present in 85 to 95 percent of patients 
after surgery, but convincing evidence for improved ventricular func- 
tion is lacking and controlled studies of natural history have failed to 
show that surgery increases survival time. Analysis of the mechanism 
of symptomatic improvement after surgery suggests that increased 
blood flow to the ischemic area as well as infarction of ischemic myo- 
cardium and the nonspecific effects of surgery may account for the im- 
provement. The prevention of coronary atherosclerosis is viewed as an 
attainable long-term solution to the problem of ischemic heart disease. 


A mass of information has been collected on the natural history of 
ischemic heart disease. In this paper I will review these data with spe- 
cial attention to stable angina pectoris and the objectives of therapy. 
An evaluation of surgical treatment will follow and the paper will 
conclude by presenting the case for prevention. 


Natural History 


The experience of the last 5 years has shown that certain factors 
are important in determining the prognosis of patients with ischemic 
heart disease and that others are unimportant (Table I). The clinical 
evidence that follows supports these findings. 


Severity of Coronary Atherosclerosis 


A life table plot of survival curves of patients with angina pectoris 
classified according to the severity of coronary artery disease is shown 
in Figure 1.! The scoring system is a simple one, with the higher 
scores assigned to patients with more severe disease. The data, from a 
study initially reported in 1970,? have been confirmed by several in- 
vestigations summarized by Reeves? in his review of this subject. 

Figure 2, taken from the recent study on natural history by 
Burggraf and Parker,* once again shows survival as a function of the 
severity of the coronary disease. In this study patients are classified 
according to the number of vessels involved. The difference between 


TABLE I! 
Natural History of Stable Angina Pectoris 


Determinants of Prognosis Not Determinants of Prognosis 
1. Clinical presentation 
Severity of angina 
Rest vs. exertional angina 
2. History of previous myocar- 
dial infarction 


1. Severity of coronary artery 
disease 

2. Ventricular damage 
Congestive heart failure 
Abnormal electrocardiogram 
Abnormal segment motion 
Abnormal hemodynamics 


double and triple vessel disease apparent in the early 
years is absent after 5 years. However, the patients 
with single vessel disease are significantly better off 
than patients in the other two groups. Examination 
of the data from which this graph is derived indicates 
that the mortality rate is greatest in the 1st year for 
the group with single vessel disease. In the first 5 
years there were seven deaths in this group of 101 pa- 
tients, five in the 1st year, one in the 4th and one in 
the 5th year. This relatively good prognosis of pa- 
tients with single vessel disease has been apparent 
from several other studies.? 

The information on severity of coronary disease 
and survival can be summarized as follows: The mor- 
tality rate for two or three vessel disease is 10 percent 
a year, or about 50 percent in 5 years; that for single 
vessel disease is probably no more than 2 percent a 
year, or less than 10 percent in 5 years. This excellent 
prognosis applies to patients in the stable phase of 
their disease and cannot be applied to patients at the 
moment of occlusion. 


Ventricular Function 


The state of ventricular function is the second 
major determinant of prognosis. One of the earliest 
and simplest demonstrations of this important rela- 
tion is to be found in Oberman's study (Table II). 
The population consisted of 85 patients, all of whom 
had two or three vessel disease; and the overall or 
total mortality for this group was 32 percent. Heart 
size was also measured on a standard chest roentgen- 
ogram, and the patients were classified in accord with 
this measurement. Comparison of patients with a 
heart size greater or less than 396 cc/m? reveals a 
more than threefold difference in the mortality rates 
of these two groups: 40 percent for patients with a 
large heart and 12.5 percent for those with a small 
heart. 

As in the case of data on the severity of disease I 
will once again skip from old data to recent data and 
not mention many confirmatory studies reported in 
the interval. The most recent information on the 
relation between ventricular function and survival is 
to be found in the paper of Burggraf and Parker.* 
Figure 3, taken from that paper, shows that patients 
with normal hemodynamic states and normal ven- 
triculograms have a far better prognosis than do 
those with abnormal hemodynamic states and abnor- 
mal ventriculograms. 
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FIGURE 2. Survival of patients with coronary atherosclerosis as a 
function of the number of vessels involved. All CAD = entire group 
of patients with coronary artery disease; DVD = patients with double _ 
vessel disease; SVD = patients with single vessel disease; TVD = 
patients with triple vessel disease. Reproduced from Burggraf et al.* 
by permission of the American Heart Association, Inc. 
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TABLE II 


Mortality Data at 50 Months in 85 Patients* 


Heart Size (cc/m?) 


Total Patients 2 396 «396 
DisBasBd o LÁ ———M—M—MM———— 
Vessels Dead Alive Dead Alive Dead Alive 

2 12 30 11 16 1 14 
3 15 28 13 21 2 7 
Total 27 (32%) 58 24 (40%) 37 3 (12.5%) 21 


Adapted from Oberman et al.* 


TABLE III 
Ischemic Heart Disease: Objectives of Therapy 


1. Relieve symptoms, improve quality of life 
2. Improve ventricular function 

3. Improve life expectancy 

4. Prevent myocardial infarction 


Other Factors 


. Strong evidence supports the severity of coronary 
disease and ventricular function as the two major de- 
terminants of prognosis in coronary artery disease 
(Table I). The magnitude of ventricular damage or 
the state of ventricular function may be measured as 
hemodynamic change, heart size, abnormalities on 
ventriculography, congestive heart failure or abnor- 
mal electrocardiogram; but these are all manifesta- 
tions of the same condition. Table I, column 2, lists 
the factors that are not determinants of prognosis; 
that is, they are not primary determinants of progno- 
sis independent of the severity of coronary disease 
and the degree of ventricular damage. Thus, patients 
with angina pectoris at rest are more likely to have 


EJECTION FRACTION 


severe coronary disease than those with angina only 
on exertion and patients with a history of a previous 
myocardial infarction are more likely to have ventric- 
ular damage than those who do not have such a histo- 
ry, but angina at rest or a previous infarction has not 
been shown to be a determinant of prognosis inde- 
pendent of the effect of the severity of coronary dis- 
ease and the degree of impairment of ventricular 
function. An additional clinical factor that may be 
important in prognosis is an increase in the severity 
of symptoms. My former collaborator Friesinger be- 
lieves that such a change in clinical status is an im- 
portant factor with independent predictive value.® 

The discussion to this point can be summarized by 
saying that the prognosis of a patient with ischemic 
heart disease can be determined by knowledge of the 
severity of the coronary disease and the degree of im- 
pairment of the ventricular function. 


Objectives of Therapy 


The objectives of therapy in ischemic heart disease 
are listed in Table III, and these will be used to ana- 
lyze the results of surgical treatment. A similar anal- 
ysis of the effects of medical treatment in relation to 
these objectives would be of interest but is not within 
the scope of this presentation. 


Symptomatic Improvement 


There is no question about the relief of symptoms 
that follows bypass graft surgery. In 80 to 90 percent 
of the patients the symptom of angina pectoris, be it 
stable or unstable, is diminished after surgery; and at 
least 60 percent of patients are completely asymp- 
tomatic. The improvement in symptoms is spectacu- 
lar. “Improved quality of life" is important and a 
worthy objective of any therapeutic procedure. The 
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FIGURE 4. Change in ventricular 
function measured as ejection frac- 
tion following bypass surgery. Modi- 
fed from data of Hammermeister et 
al. 


presence of disabling symptoms usually constitutes 
the prime indication for surgery, and it is clear that 
angina is relieved in the vast majority of cases. 


Improved Ventricular Function 


The second objective of therapy is to improve ven- 
tricular function, especially in situations in which it 
is impaired. One would not expect improvement in 
ventricular function if ventricular function were nor- 
mal. There have been reports of improved function as 
assessed by ventriculography after vein bypass sur- 
gery in patients with acute myocardial ischemia.’ It is 
possible that in these cases ventricular function was 
depressed to a subnormal level by ischemia and that 
revascularization restored it to a normal level. 

Ventricular function has been measured in large 
groups of patients undergoing bypass surgery, and 
the data from Hammermeister et al.8° are replotted 
in Figure 4. It is clear that there is no significant de- 
parture from the line of identity in this plot of ejec- 
tion fraction before and after surgery. Similar data 
have been obtained by Scholer et al.!° and by several 
other groups. To summarize the findings, ventricular 
function after bypass surgery shows no change in 
about 60 percent of patients, is worse in 20 percent 
and shows some improvement in 20 percent. It is pos- 
sible that greater improvement may be found in cer- 
tain special groups, such as patients with unstable 
angina, but this has not yet been firmly established. 


Improved Life Expectancy 


Prospective randomized studies: The third 
major objective is the improvement of life expectan- 
cy, and this is the most difficult to evaluate. Ideally, 
evaluation should be approached by a randomized 
prospective study, and several such studies are under 
way. Two possible designs are shown in Figure 5. 
These diagrams apply to studies of the effect of sur- 
gical therapy on unstable angina pectoris.!!:!2 Similar 
designs can be applied to stable angina and, indeed, 
are used in the studies currently in progress.!*:!4 The 
beauty of the prospective randomized study is that 
variations in prognosis attributable to variations in 
the severity of the arterial disease and in the state of 
ventricular function are eliminated by the random 
assignment of patients to the two treatment groups. 
Another advantage is that only those patients who 
are suitable for surgery are considered. Without ran- 
domization it is always possible that the patients 
with better ventricular function, and therefore a bet- 
ter natural history, will be selected for surgery and 
patients with poorer ventricular function, and hence 
a poorer prognosis, will remain in the group not oper- 
ated on. Consideration of the data in Table II shows 
how great this effect might be and indicates that 
studies in which patients are neither chosen at ran- 
dom nor matched cannot be used to obtain meaning- 
Fa apta about the effect of surgery on natural histo- 
ry. 

Retrospective matched studies: The alternative 
to prospective randomization is retrospective match- 
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FIGURE 5. Diagrams of study design in two random prospective - 
studies of unstable angina pectoris. The designs differ with respect — 


to when in the sequence randomization takes place. Med. = medi- — 


cal; MIRU = Myocardial Infarction Research Units; Surg. = surgical. - 


Data from Bertolasi et al.'? and Conti et al. 11 


ing of patients; this approach has been taken by the © 
investigators at the Duke University Medical Cen- . 
ter.!6 They studied a group of 402 patients treated | 
medically and a group of 379 treated surgically. Allo- . 


cation to these two groups was made not prospective- - 
ly in accordance with a random design but in accor- — 
dance with existing medical practice in that institu- - 
tion. The patients were characterized according to 89 — 


different variables, and thus a match between the . 
two groups based upon these 89 characteristics was - 
possible retrospectively. This is the “next best thing" — 
to a prospective randomized study. The important . 
determinants of prognosis were described in detail © 
with the severity of arterial disease being defined by 3 


11 descriptors and ventricular function by 7. 


The similarity between the medically and surgical- . 


ly treated groups is remarkable and is one of the most . 
interesting results of this study. The two groups dif- — 
fered with respect to severity of pain and prior treat- — 


ment. Thus, the surgically treated group had more : 


frequent attacks of pain, and the pain was more se- 


vere and disabling. Treatment with beta adrenergic — 


blocking agents, nitroglycerin and long-acting ni- | 
trates was also more common in the surgically treat- — 


ed group. The two groups differed significantly with — 


respect to several measures of ventricular function. 


The heart size was smaller and the ejection fraction . 


higher in the surgically treated group. The two 
groups did not differ significantly with respect to the 


severity of coronary artery disease as determined by 


arteriography. These data indicate that actual prac- — 
tice at the Duke Medical Center tended to select for — 
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surgery patients with severe symptoms and good left 
ventricular function. Thus the surgical cohort would 
have a better prognosis irrespective of the form of 
therapy by virtue of the larger number of patients 
with good ventricular function in this group. The ex- 
istence of this natural and not unexpected bias casts 
doubt on the conclusions of any study dealing with 
the effect of surgery on life expectancy in which pa- 
tients are not selected at random or at least matched 
with respect to factors determining prognosis, espe- 
cially ventricular function.!? 

Survival data for the medically and surgically 
treated populations is shown in Figure 6A, and there 
is no difference in survival at 2 years. It appears that 
survival in the surgically treated group stabilizes at 2 
years, but the natural history studies shown in Fig- 
ures 1 and 2 indicate that the untreated or medically 
treated population may also be characterized by sur- 
vival curves of lesser slope after the 3rd or 4th year. 

—. A similar survival curve for a low risk subset of the 
total population is shown in Figure 6B. These pa- 
tients fall into two categories with respect to the im- 
portant determinants of prognosis: (1) two to three 
vessel disease with normal ventricular function, and 
(2) one vessel disease with abnormal function. In this 
group it is obvious that the prognosis without surgery 
is exceedingly good and at 2 years survival is greatest 
in the group treated medically. McNeer et al.!® also 
analyzed a group of patients with a high risk and in 
one small subset has evidence suggesting that this 
group might be better with surgical therapy, but the 
results are not conclusive. 


A. Total Population 
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TABLE IV 


Results of Bypass Surgery, 1975 


Percent of 
Patients 
Symptomatic improvement 85 
Improved ventricular function 20 
Increased survival time ?? 


The retrospective study with matched cases car- 
ried out at Duke has failed to show any clear-cut im- 
provement of surgical therapy over medical therapy 
at 2 years. It is possible that in certain subsets of low 
risk patients medical therapy may be preferable to 
surgical, and in other populations surgical therapy 
may be preferable to medical therapy. The results 
from this well performed retrospective study are con- 
firmed by the preliminary results from at least three 
ongoing prospective randomized studies.!?:14:17 

Thus, in summary, the results of prospective ran- 
domized studies and retrospective matched studies 
fail to demonstrate increased survival after surgical 
therapy in patients with stable angina pectoris. 


Mechanisms of Improvement 


Table IV summarizes the current situation. Symp- 
tomatic improvement is present in 85 percent of pa- 
tients, but ventricular function is improved in only 20 
percent of patients at the most, and there is no con- 
vincing evidence that survival is altered. Careful con- 
sideration of these findings reveals an inconsistency 
and stimulates the question: If symptomatic im- 
provement is attributable to improvement in the cor- 
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FIGURE 6. Survival of medically 
and surgically treated groups. A, 
total population. B, low risk group. 
Reproduced from McNeer et al. '© 
by permission of the American 
Heart Association, Inc. 
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TABLE V 
Fallacious Logic in Interpreting Results of Bypass Surgery 


1. Coronary atherosclerosis causes myocardial ischemia 
2. Myocardial ischemia causes 
a. Angina pectoris 
b. Reduced life expectancy 
3. Vein bypass graft relieves angina pectoris 
(assumption: angina relieved because ischemia relieved) 
4. Therefore: vein bypass graft improves life expectancy 


onary circulation, why is it not possible to demon- 
strate improvement in survival? 

This discrepancy is highlighted by consideration of 
the treatment of pneumococcal lobar pneumonia by 
penicillin. In this disease a favorable change in symp- 
toms is associated with a favorable change in objec- 
tive evidence of disease and prognosis. Penicillin 
makes the patient feel better, the fever disappears, 
the chest X-ray film shows resolution, and the pa- 
tient is more likely to survive. This uniform response 
of all the manifestations of disease occurs because the 
therapy (penicillin) acts specifically on the primary 
disease process (pneumococcal infection). Statistics 
are not necessary to demonstrate the effect of peni- 
cillin in pneumococcal pneumonia. It is clear to the 
patient and to his doctor that all aspects of his dis- 
ease are improved by the therapy and, indeed, the 
mortality statistics and objective measurements are 
merely confirmatory. 

The situation is far less clear in the case of bypass 
surgery for coronary artery disease. The discrepancy 
between the changes in symptoms and the change in 
prognosis suggests that the therapy may not have a 
specific effect on the disease process in all cases. En- 
thusiasts for bypass surgery often make statements 
such as the following: “It is perfectly obvious that the 
dramatic improvement in symptoms that follows the 
operation must mean that the patient’s disease state 
is alleviated.” 

At this point let us consider other things that are 
“perfectly obvious.” I refer specifically to optical illu- 
sions (Fig. 7). If two bars of equal length are laid on a 
photograph of a railroad track, the bar farthest from 
the observer will appear to be longer. It is “perfectly 
obvious” to the observer that the more distant bar is 
longer, but measurement will show that the two are 
the same size. Sometimes things that are "perfectly 
obvious" turn out to be true as in the case of penicil- 
lin and lobar pneumonia, but in other situations mea- 
surements do not support differences that appear to 
be “obvious.” 

Table V presents in another form the fallacious 
logic responsible for some of the problems in inter- 
preting results of vein bypass surgery. There can be 
no disagreement with the statement that coronary 
atherosclerosis causes myocardial ischemia. It is like- 
wise established that myocardial ischemia causes 
both angina pectoris and reduced life expectancy. 
The third statement, that vein bypass graft relieves 
angina pectoris, is also true in 85 percent of cases. At 
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FIGURE 7. An optical illusion. The two white bars are the same 
size. 
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FIGURE 8. Diagram of bypass procedure illustrating possible mech- 
anisms of symptomatic improvement. 


this point, an assumption is often made and not rec- 
ognized as an assumption, namely, that angina is re- 
lieved because ischemia is relieved. The final state- 
ment, therefore—vein bypass graft improves life ex- 
pectancy—is based upon an assumption. Unfortu- 
nately, therapeutic decisions are often based upon a 
sequence of faulty logic containing an assumption 
that must be questioned. If some mechanism other 
than increased blood flow accounts for the relief of 
angina it is not logical to assume that life expectancy © 
will be improved. 


Alternative Explanations of Improvement 


Production of myocardial infarction: Mecha- 
nisms of improvement other than increased blood 
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flow can be considered with the aid of the diagram in 
Figure 8, which depicts the aorta and a diseased coro- 
nary artery with a single proximal stenotic lesion. A 
bypass has been created between the gorta and the 
coronary artery distal to the obstructing lesion. 
Under ideal circumstances the graft and the artery 
remain patent and, therefore, an alternative route is 
provided whereby blood can reach the distal coronary 
artery. Unfortunately, in a significant number of 
cases the ideal situation does not exist. First, let us 
consider the changes that may occur in the patient’s 
coronary artery, which has been referred to as the na- 
tive or intrinsic coronary circulation.!?!? When the 
bypass is working well most of the blood flow to the 
distal artery goes through the bypass, and flow 
through the proximal segment containing the stenot- 
ic lesion becomes sluggish and thrombosis frequently 
occurs. This may be of no significance if the bypass 
remains patent, which it does in approximately 70 
percent of cases; but it becomes occluded in 30 per- 
cent.2° If a segment of the artery is occluded and the 
bypass is occluded, the blood supply to the distal 
myocardium will obviously be impaired and infarc- 
tion may occur. - 

'The occlusion of the proximal segment may be im- 
portant even when the graft remains patent. The 


TABLE VI 
Changes in Native Coronary Circulation After Bypass Surgery * 


New Total 
Occlusions (96) 


Coronary Arteries 


Bypass Graft Examined (no.) 





Patent 404 39 
Occluded 184 47 
None 423 6 





Adapted from Griffith.?* 


TABLE VII 


Results of Bypass Surgery for Ischemic Heart Disease, 1975 


Percent 
1. Symptoms alleviated and exercise tolerance improved 80—90 
2. Asymptomatic 60—70 
3. Surgical mortality 


Good left ventricular function preoperatively 0—4 


Poor left ventricular function preoperatively 20—40 
4. Vein graft patency 70—80 
5. Occlusion in native circulation 30 
(in presence of patent graft) 
Proximal 25 
Distal 5 
6. Ventricular function 
Improved 20 
Unchanged 60 
Worse 20 
7. Postoperative infarction (new Q wave) 10—25 
8. Percent survival at 2 years (Duke study) 
Total (781 patients) 
With surgery 85 
Without surgery 83 
At low risk 
With surgery 92 
Without surgery 95 
At high risk (with or without surgery) 70 


blood supply to vessels arising from the proximal 
portion of the coronary artery will be eliminated, and 
there will be an area of myocardial infarction. 

Sometimes the distal coronary arterial segment be- 
comes occluded. This is especially likely to occur if 
the graft is occluded, but it may occur even with a 
patent graft. In most instances this change can prob- 
ably be attributed to the suturing of the bypass graft 
to a diseased coronary artery. The presence of disease 
in the distal coronary arterial tree which interferes 
with runoff is also important in this situation. There- 
fore, occlusion of either the proximal or distal coro- 
nary artery with or without occlusion of the graft can 
result in myocardial infarction; and this is a possible 
explanation for the relief of symptoms in some pa- 
tients.7!:22 

Interruption of perivascular nerves: Another 
possible explanation is that the perivascular nerves 
accompanying the coronary artery are interrupted by 
the mobilization of the vessel and the placement of 
the graft.?? Because too little is known about the pain 
pathways from the heart, this explanation can only 
be said to be theoretically possible. 

It is becoming increasingly obvious that changes in 
the native or intrinsic circulation are not rare.18:19,24- 
27 The results of a number of studies from four insti- 
tutions are summarized in Table VI. The listed num- 
ber of new total coronary occlusions includes both 
proximal and distal segment occlusions, and proxi- 
mal segment obstructions are approximately five 
times more common than occlusions of distal seg- 
ments. 'This table shows that occlusions are frequent 
even in the presence of patent grafts (39 percent), 
more common when the graft is occluded (47 per- 
cent) and considerably less frequent in the absence of 
a graft (6 percent). This last fact is of great impor- 
tance since it has been suggested that the appearance 
of these new occlusions represents progression of the 
disease. Serial studies of vessels not grafted indicate 
that new occlusions appear with a frequency of only 6 
percent with an average interval between studies of 6 
months. 

When the native or intrinsic circulation lesions 
were first described there was a widespread tendency 
to attribute them to surgical technique or angio- 
graphic artifacts. It is clear now that they are real 
phenomena and occur with significant frequency in a 
variety of institutions in the hands of a number of 
competent surgeons. It can be said that they have 
been found by everyone who has looked for them and 
those who deny their existence have failed to look. 
The superficial examination of a postoperative angio- 
gram is not adequate to detect this change. The pre- 
operative and postoperative films must be projected 
side by side and each vessel systematically examined 
in each film. If this systematic matching of the pre- 
and postoperative vascularity is carried out, the 
changes described will occur with the frequency indi- 
cated in Table VI. 

Evaluation of mechanisms of postoperative 
symptomatic relief: The practical problem of find- 


ing an explanation for symptomatic relief in a par- 
ticular patient is illustrated in Figure 9. Four situa- 
tions that may be encountered at the time of postop- 
erative study are described. In situation A, bypass 
grafts 1 and 2 are patent. In this situation it is possi- 
ble to attribute the improvement in symptoms to in- 
creased blood flow to one or both of these areas. This 
is the explanation that we hope accounts for the im- 
provement, but even in this ideal case there are other 
possible explanations. The other end of the spectrum 
is depicted in situation D. This situation is fortunate- 
ly becoming rare, but every center has a few such 
cases, and they provide information of great value in 
understanding the mechanism of improvement. In 
this situation both bypass grafts have closed and the 
two arteries to which they are connected are also oc- 
cluded. It is impossible to say that the symptomatic 
improvement is attributable to increased flow be- 
cause, if anything, there is decreased flow to both 
areas and infarction of previously viable myocardium 
has almost certainly occurred. Another explanation 
must be found for the symptomatic improvement in 
this patient. 

It is possible that infarction of an ischemic and an- 
gina-producing area is responsible for the symptom- 
atic relief. A second possibility is that the denerva- 
tion of the ischemic area in responsible for the relief. 
A third possibility is the nonspecific effect of surgery 
so well described by the beautiful studies of Cobb et 
al." and Dimond et al.?? This has also been referred 
to as the placebo effect by Beecher?! and Ross.?? The 
placebo effect was also demonstrated by studies of 
the Beck procedure (pericardial poudrage) and the 
Vineberg procedure (internal mammary implant).?? 
The possibility of coronary arterial occlusion and 
myocardial infarction cannot be excluded in these 
patients, and indeed new total occlusions have been 
found in patients restudied after a Vineberg proce- 
dure.*4 

Situation B in Figure 9 is of special interest. By- 
pass graft 1 to artery 1 is patent, but graft 2 and ar- 
tery 2 have become occluded. Symptomatic relief 
could be due to increased flow to the distribution of 
artery 1 or to infarction in the distribution of artery 
2, to the denervation of the painful area caused by 
the mobilization of the arteries, or to the nonspecific 
effects of surgery. 

The interpretation of situation C is also a problem 
because here graft 1 to artery 1 is patent, and artery 1 
is patent. Artery 2 was not the site of a graft, and in- 
deed was not even manipulated at surgery, but at the 
time of restudy it is seen to be occluded. This is an 
example of the spontaneous closure that occurs in 
about 6 percent of nonbypassed arteries (Table VI). 
If at the time of the postoperative examination the 
native circulation is not carefully examined by side to 
side comparison with the preoperative study, the oc- 
clusion of artery 2 may not be noted. Therefore, on 
the basis of the usual postoperative examination, 
which is concerned primarily with the patency of the 
graft, the symptoms would be attributed to increased 
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FIGURE 9. Mechanisms of symptomatic improvement after vein by- 
pass surgery. Open circles — patent graft or coronary artery; 
closed circles = occluded graft or coronary artery; + = possible. 


flow in the distribution of artery 1. This may be cor- 
rect, but it is equally possible that the relief of symp- 
toms is due to infarction in the distribution of artery 
2, denervation of artery 1 or the nonspecific effects of 
surgery. Figure 9 could be expanded manyfold to in- 
clude all the combinations that are possible and that 
have been encountered in actual practice. 

Of additional value in the interpretation of postop- 
erative studies are observations of the motion of seg- 
ments of the ventricular wall perfused by the vessels 
to which grafts have been connected. Serial electro- 
cardiographic studies are also useful in determining 
whether a segment of myocardium has been infarct- 
ed, and the location of the changes provides informa- 
tion about the location of the damage.?? The absence 
of segment motion or the presence of electrocardio- 
graphic changes, or both, adds confirmatory evidence 
to the existence of an infarction. | 

Significance of postoperative myocardial in- 
farction: It seems unlikely that postoperative infarc- 
tion accounts for all the symptomatic improvement 
seen after surgery since dramatic relief of angina is 
seldom seen after spontaneous infarction. On the 
other hand, myocardial infarction after surgical ma- 
nipulation of the vessel is quite different from infarc- 
tion that occurs spontaneously. In the surgical situa- 
tion a large trunk is totally occluded, and no filling of 
the distal vessel is seen at arteriography. The arterio- 
graphic pattern in patients who have sustained a 
spontaneous infarction differs in that there is usually . 
collateralization and filling of the vascular bed distal 
to the obstruction. It is also clear from Figure 9 that 
the relief of pain could be attributed to denervation 
of the ischemic zone or to the nonspecific effects of 
surgery, and there is no way to be sure which mecha- 
nism is responsible. The message in Figure 9 is that 
the situation is complex and that increased blood 
flow to the ischemic area is not the only possible ex- 
planation for the symptomatic improvement. 

It is possible that survival time might be increased 
even in patients who sustain a myocardial infarction. 
This possibility is based on the belief that a com- 
pleted infarct with a healed scar is less likely than an 
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FIGURE 11. Approach to prevention of coronary atherosclerosis. 


ischemic area to be the site of origin of potentially 
fatal arrhythmias. This presumption is consistent 
with the data of Cobb et al.?? from the Seattle Heart 
Watch. They showed that patients surviving resusci- 
tation for ventricular fibrillation could be classified 
into two groups: those who had a myocardial infarc- 
tion, as evidenced by serum enzyme elevation and Q 
waves, and those who did not. 'The mortality rate in 
subsequent years was greater in the group who did 
not have an infarction. This observation suggests 
that the electrical instability is corrected by the defi- 
brillating shock but that the unstable situation that 
leads to the fibrillation remains and the arrhythmia 
may recur in the patients who do not have an infarct. 
Those who have an infarction are better off because 
the unstable condition has been removed.?? 


Present Status of Coronary Bypass Surgery 


The situation with regard to bypass surgery for 
ischemic heart disease in February 1975 is summa- 
rized in Table VII. 

Mortality: The surgical mortality figures are wor- 
thy of comment and prove that a good cardiac sur- 
geon can select any mortality figure he wishes by se- 
lecting his patients. If patients at good risk with good 
ventricular function are selected for surgery mortali- 
ty figures of less than 1 percent can be obtained. On 
the other hand if a surgeon accepts patients with a 
low ejection fraction and akinetic segments the mor- 
tality figures will be higher. Variation in mortality is 
a function of the kind of patients selected for surgery 
as well as of surgical skill. It is also clear that patients 


with unstable angina, strictly defined as those with 
pain at rest and associated S-T segment changes, will 
have a higher operative mortality rate than patients 
with stable angina. 

Postoperative infarction: The incidence rate of 
postoperative infarction, defined as the presence of 
new Q waves, has been estimated to be 10 to 25 per- 
cent and these estimates correspond relatively closely 
with the occurrence of changes in the native circula- 
tion in patient series in which these changes have 
been sought.?" If the diagnosis of infarction is limited 
to patients who manifest a new Q wave the incidence 
of infarction will be underestimated.?? 

Symptomatic improvement: Coronary bypass 
surgery in 1975 is an excellent treatment for the 
symptoms of angina pectoris and will result in symp- 
tomatic improvement in 80 to 90 percent of patients; 
60 percent will be totally asymptomatic. The avail- 
able evidence will not support a general statement 
that the procedure decreases the likelihood of a sub- 
sequent myocardial infarction or improves life expec- 
tancy. It is possible that prognosis may be improved 
in certain subsets of patients, but this remains to be 
established.!® Prophylactic surgery in asymptomatic 
patients cannot be justified by the facts available in 
1975. There may be certain special situations such as 
proximal disease of the left main coronary artery in 
which the prognosis will be improved by surgery, but 
this has not yet been proved either by the retrospec- 
tive study of matched patient series or by the pro- 
spective randomized studies. 


The Case for Prevention 


No overview of ischemic heart disease in 1975 
would be complete without a strong plea for preven- 
tion.?3 If one examines the flow diagram of the dis- 
ease process as displayed in Figure 10, it is clear that 
this entire paper has been concerned with the symp- 
tomatic patient who already has occlusive disease re- 
sulting in angina or myocardial infarction. The dis- 
ease that has brought the patient to this point in his 
natural history began decades ago, and it should have 
been prevented by action taken throughout his life. 
By the time he has angina he has “end stage" disease, 
the vessels are severely narrowed and the myocar- 
dium is usually damaged. 

When one examines a diseased coronary artery and 
notes the tortuous lumen, the friable walls, the calci- 
fication and ulceration it is clear that it may already 
be too late and that surgery may not provide the an- 
swer. | am reminded of the cardiac surgeon who was 
describing the aortic valve in calcific aortic stenosis 
and speculating on the possibility of surgical correc- 
tion in the era before prosthetic valves were avail- 
able. He said, “. . . even if you could take it out of the 
body and carry it over to the window and work on it 
in good light there would be nothing you could do 
with it." I think that this description could be ap- 
plied to many of the coronary arteries in symptomat- 
ic patients. It indicates how difficult it is to approach 
the disease at this late stage and should strongly mo- 
tivate us toward prevention. 


Risk factors: Although we do not know everything 
about the cause of the arterial lesion in atherosclero- 
sis, there is good evidence that the progress of the 
disease is accelerated by cigarette smoking, hyperten- 
sion and an elevated serum cholesterol level (Fig. 11). 
There is also evidence that reduction in these risk 
factors brings about a reduction in the risk of disease. 
In the face of these facts there would appear to be no 
excuse for the medical profession to limit its atten- 
tion to symptomatic patients with far advanced dis- 
ease. These patients should not be ignored, but the 
physician also has a responsibility to presymptomatic 
persons in the community. There is no evidence as 
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yet that bypass surgery can reduce the death toll 
from coronary disease, but I believe that preventive 
measures can. There has already been a downturn in 
heart disease mortality that can be attributed to the 
modification of the three major risk factors. There is 
an increasing body of data from primate studies 
showing that atheromatous lesions can be made to re- 
gress.?? There are also preliminary studies showing 
regression of atheromatous lesions in man. We must 
continue to look for better ways to treat our symp- 
tomatic patients, but we must not delay further in 


our attempt to prevent the disease before irreversible - 


damage has developed. 
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HISTORICAL. MILESTONES 


Experiments on Heart Valves (1908) by 
Harvey Cushing and J. R. B. Branch 
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Naw York, New York 


Experiments on canine heart valves were performed 
repeatedly during the last quarter of the 19th centu- 
ry. The work had been undertaken for a variety of 
reasons. Most of the experimenters had attempted to 
study the physiologic and anatomic effects of artifi- 
cial lesions. This purpose is seen in the experiments 
of Cohnheim (1877-80), Klebs (1875), Rosenbach 
(1878), Francois-Franck (1882), and Stricker (1883); 
the reports of all these workers have been described 
and discussed in this Journal.!-9 In at least one in- 
stance’ the experiments were conducted in part in 
order to supply material for classroom demonstra- 
tions in pathology and physiology. Another report? 
shows that the same kind of experiment was being 
used in the explanation of physical signs and in the 
teaching of physical diagnosis. 

With the contribution by Cushing and Branch, ex- 
cerpted here, there is evidence of a new phase. The 
possibility of a surgical attack on valvular disease in 
man is now envisioned clearly and discussed overtly 
in a purposeful manner. The valvular lesion that fig- 
ures most prominently in the discussion is mitral ste- 
nosis. 

At the time of these experiments Cushing, later 
one of the world's foremost neurosurgeons, was an as- 
sociate in surgery at Johns Hopkins Hospital. Promi- 
nent among his activities was the teaching of experi- 
mental and operative surgery to undergraduate med- 
ical students. The work was conducted at the “Old 
Hunterian" laboratory. A detailed account of Cush- 
ing's development and achievements will be found in 
the biography by the late Dr. John Fulton.? Dr. Jo- 
seph R. B. Branch, a graduate of the Johns Hopkins 
Medical School, was later to gain distinction as a sur- 
geon and gynecologist in China. 

- The following excerpts have been taken from a 
paper by Cushing and Branch that appeared in 
1908.1? 


This study was based on research assisted by Grant HL 10948 from 
the National Institutes of Health, Bethesda, Md. 

Address for reprints: Saul Jarcho, MD, 35 E. 85th St., New York, 
N. Y. 10028. 


Excerpts from Paper of Cushing and Branch 


We wish to mention briefly some attempts which have 
been made in the Hunterian Laboratory to reproduce 
chronic valvular lesions; to record certain cases of sponta- 
neous valvular disease in the dog which have come under 
our observation; and finally to comment on the possibilities 
of future surgical measures in man directed toward the al- 
leviation particularly of the lesion characterizing mitral 
stenosis. 

In November, 1905, there was brought to the laboratory 
a large Newfoundland dog suffering with general anasarca, 
ascites, and other sequelae of passive congestion due to tri- 
cuspid insufficiency with compensatory failure resulting 
from advanced chronic endocarditis. A report of this pa- 
tient’s case was made at the time by Dr. Henry,'! who had 
assumed the responsibilities of his treatment .... Autopsy 
disclosed a thickened mitral valve, a dilated and hypertro- . 
phied heart showing tricuspid insufficiency, together with 
an unusually marked degree of venous congestion. 

Being then unaware that bloody ascites could result from 
chronic passive congestion of cardiac origin, we undertook 
to reproduce this condition experimentally. It was neces- 
sary, for the success of the investigation, that the animals 
should survive a sufficient length of time for the late conse- 
quences of the valvular lesions to manifest themselves. 

In this research we were greatly aided by the observa- 
tions which at that time were being made by Dr. W. G. 
MacCallum in the Hunterian Laboratory!” on the vascular 
disturbances resulting from acutely produced valvular le- 
sions. The ingenious cutting hook or valvulotome which he 
had devised was utilized in many of our experiments. 

So far as we know ours have been the first successful at- 
tempts to produce valvular lesions by an intrathoracic di- 
rect exposure of the heart with subsequent recoveries . . . . 


For the production of insufficiency the apex of the heart 
is caught by fine sutures, between which the valvulotome is 
introduced into right or left ventricle; the particular leaflet, 
lesion of which is desired, is then divided by the cutting 
hook. This step of the operation requires much practice on 
the cadaver in order that the operator become familiarized 
not only with the anatomical situation of the parts, but 
with the peculiar sensation imparted to the hook on cutting 
through the valve or the chordae tendineae. Very little 
bleeding results from the procedure; in fact, less bleeding 
than when the approach is made to the heart by way of the 


auricle, although the latter method has been used in certain 
cases for producing mitral or tricuspid lesions. 

Stenoses have been produced by passing a stout ligature 
on a blunt-pointed, curved needle into the cavity of the 
heart at or below the level of the auriculoventricular ring. 
The ligature, which should be dipped in boiling vaseline to 
prevent its acting as a source of clotting (Carrol), must 
catch two of the leaflets or the chordae passing to them. It 
may then be tied sufficiently tight to narrow the lumen to 
the desired extent. Owing to its inaccessibility this is a par- 
ticularly difficult operation in the case of the mitral valve 
and we have as yet been unsuccessful in having a recovery 
after an extensive mitral lesion of this sort. 

The operations performed by Drs. Henry and Heuer 
were twenty-five in number; eight of the animals died from 
one cause or another during the course of the operation; six 
of them succumbed to infection; eleven recovered. In all in- 
stances of recovery, however, the heart was enabled to com- 
pensate rapidly for the lesion, and possibly it will be neces- 
sary for the operation to be done in successive stages in 
order to reproduce conditions of compensatory failure such 
as occur in chronic endocarditis resulting from disease, the 
extent of the lesion being increased each time. We have, in 
other words, been unable to produce at one sitting and 
without fatality a lesion serious enough to cause a relative 
tricuspid insufficiency with serious passive congestion .... 
Consequently the primary object of this research—namely, 
the production of bloody ascites in chronic passive conges- 
tion due to compensatory failure—has as yet not been re- 
warded with success. These animals, however, have been of 
considerable value for the class in physical diagnosis in the 
study of the cardiac murmurs due to known valvular le- 
sions.... 

It is only a few years since the surgery of the heart was 
practically unknown. The first steps taken were in the di- 
rection of simple paracentesis for pericardial effusions, a 
measure which soon led to open drainage in suppurative 
pericarditis—a bold undertaking fifteen years ago. Then, 
following the demonstration on dogs by Del Vecchio before 
the International Congress in Rome in 1894 and the re- 
ported observations by Rosenthal (1895) and Bode (1897), 
which showed that operations on the heart wall itself—at 
least in animals—were feasible, a number of successful 
cases of direct suture for stab wounds and the like were 
soon recorded.!? (Coppelen, 1896, Farina, 1896, Rehn, 1897, 
Parrozzani, 1897, etc., up to 1904, when Ricketts collected 
fifty-six recorded cases.) Surgeons thus became aware, 
through animal experimentation, that the musculature of 
the pulsating organ could hold sutures and would tolerate a 
considerable degree of manipulation. Indeed, those who 
have not experimented with surgical measures on the heart 
of the lower animals can little realize how much handling, 
dislocation, ligation of coronary vessels and the like will be 
borne, and how readily an incised opening, even into the 
cavities, may be made and subsequently closed. It is not 
such a great step to pass from the treatment by suture of 
accidental wounds of the musculature to the actual enter- 
ing of the heart in the effort to attack pathological lesions 
of the valves themselves .... 


During the course of our observations our attention was 
called by Dr. [T.B.] Futcher to a recent note in the Lancet 
by Sir Lauder Brunton,!^ which puts the matter from a 
physician's point of view so forcibly that his words may 
well be used to express our own feeling in regard to these 
measures should it ever prove justifiable to transfer the ex- 
periment to man. He says: 


HEAH! VALVE EXPEHIMEN I S—JAHUHO . 


“Mitral stenosis is not only one of the most distressing - 


forms of cardiac disease, but in its severe form it resists all 
treatment by medicine. On looking at the contracted mitral 
orifice in a severe case of this disease one is impressed by 
the hopelessness of ever finding a remedy which will enable 


the auricle to drive the blood in a sufficient stream through  - 
the small mitral orifice, and the wish unconsciously arises — 


that one could divide the constriction as easily during life 
as one can after death. The risk which such an operation 
would entail naturally makes one shrink from it, but in 
some cases it might be well worth while for the patients to 
balance the risk of a shortened life against the certainty of 
a prolonged period of existence which could hardly be 
called life, as the only conditions under which it could be 
continued might to them be worse than death. 


“I was much impressed by the case of a man under mid- _ 


dle age whom I had under my care at St. Bartholomew's - 


Hospital. For no fault of his own, but simply because of his 
disease, this man was really exiled from his family and one 
might almost say imprisoned for life, inasmuch as he could 
only live in a hospital ward or a workhouse infirmary. 
Whenever he left the hospital or infirmary with an amelio- 
ration of his distressing symptoms and returned home the 
exertion brought on an exacerbation and he had to leave 
home again in a few days to return to the hospital or infir- 


mary. It occurred to me that it was worth while for sacha 


patient to run a risk, and even a very grave risk, in order to 
obtain such improvement as might enable him at least to 


stay at home. But no one would be justified in attempting . 


such a dangerous operation as dividing a mitral stenosis on 


a fellow-creature without having first tested its practicabil- 


ity and perfected its technic by previous trials on animals." 


Thus we are really acting upon a suggestion originally 
made by Sir Lauder Brunton. We, however, have carried 
his efforts to the living animal; we have improved upon the 
method of entering the chest, and we have succeeded in ob- 
taining operative recoveries after considerable number and 


variety of experimental valvular lesions made by a direct 


approach to the valve through the heart wall. It remains to 
demonstrate the possibility that an experimentally pro- 
duced mitral stenosis with compensatory failure can be 


symptomatically improved by division of the narrowed mi- .. 


tral orifice on the living animal, before attempting, by a 


similar procedure, to relieve the corresponding pathological 


lesion in man. 


Comment on Paper by Cushing and Branch 


The investigation described was triggered by the 


discovery of hemorrhagic ascites in a Newfoundland — 
dog. The lesion proved to be part of the syndrome of 


chronic passive congestion caused by disease of the 


mitral and tricuspid valves. The experiments began 


with an effort to reproduce the congestion and the 


bloody effusion. 

In some of their series Cushing and Branch fol- 
lowed the work of MacCallum” and used his valvu- 
lotome, which was inserted into the heart by way of 


c 


the great vessels. Cushing and Branch, however, pre- - 


ferred to use direct transthoracic exposure of the 


heart, the instrument being passed through the myo- 
cardium. Positive pressure was applied to the lungs 
through a tracheotomy. The intention was to procure 


long-term survival of the animals and to observe 


long-term effects. 


HEART VALVE EXPERIMEN! S—JANUNYU 


In the creation of valvular insufficiency the instru- 
ment was inserted through the wall of the ventricle 
and a valve leaflet was cut; this procedure required 
much practice. Attempts were also made to produce 
-stenosis by passing ligatures in the region of the atri- 
oventricular ring. These trials were much less suc- 
cessful; in the case of the mitral valve no recoveries 
were obtained. 


Toward the end of their essay Cushing and Branch 
summarize the history of cardiac surgery. The whole 
story covered no more than 15 years. | 

The experimenters record also the famous sugges- 
tion of Sir Lauder Brunton, which had been brought 
to their attention by Dr. T. B. Futcher. Brunton’s 
comment doubtless had an inspiring influence on 
many progressive physicians. 
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A family affected with hyperbetalipoproteinemia was studied. Two sib- 
lings, a boy 11 and a girl 9 years of age, with characteristic findings of 
homozygous type Il hyperlipoproteinemia are described. The highly 
atherogenetic nature of this disorder is illustrated by the occurrence of 
progressive coronary atheromatosis in the boy, in whom two coronary 
arteriographic studies documented the development of progressive ob- 
struction of two coronary arteries in the course of 2 years. During this 
interval angina pectoris developed followed by myocardial infarction, 
cardiomegaly and congestive heart failure. The sister has remained 
asymptomatic, with apparently normal coronary arteries at age 9 
years. Phonocardiograms were suggestive of aortic valve involvement 
although no aortic valve gradient was demonstrated by cardiac cathe- 
terization. 


Familial type II hyperlipoproteinemia is a well known cause of pre- 
mature and accelerated ischemic heart disease due to coronary ath- 
erosclerosis.!-^ Recently we studied two children of a family affected 
with this abnormality. The progressive nature of coronary atheroma- 
tosis was observed directly by means of coronary cinearteriographic 
studies performed within a period of 26 months; during the course of 
this period total occlusion of two coronary arteries developed in one 
of the patients. These findings and related studies in other members 
of the family form the basis of this report. 


Clinical Studies 


Lipid Analyses 


Total serum cholesterol was determined by the method of Abell et 
al.? and serum triglycerides by the procedure of Van Handel and Zil- 
versmit®; lipoprotein electrophoresis was carried out on paper accord- 
ing to the method of Lees and Hatch.’ Table I shows individual lipid 
values of the eight family members studied. 


The Kindred 


'The pedigree of the members of the M family studied is shown in 
Figure 1. Relatives of prior generations were not available for study, 
but family history revealed that both parents of the father and one 
sister of the mother had died of cardiac causes between 35 and 40 
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X Deceased in infancy 


% Possible homozygocity 
FIGURE 1. M family pedigree. 


years of age. Both parents of this family had type II 
hyperlipoproteinemia with an elevated serum choles- 
terol level, but they had no xanthomatosis or clinical 
evidence of ischemic heart disease. All six children 
still living had hypercholesterolemia. Two of them 
(Patients II-6 and II-7) are homozygotes with xan- 
thomatosis and are described in detail. Of the re- 
maining four children, three (Cases II-2, II-4 and 
II-8) were considered heterozygotes and had hyper- 
cholesterolemia without xanthomas or cardiovascular 
disease. The remaining child (Case II-9), 2 months of 
age, had an abnormal cholesterol level for her age and 
may be a homozygote (Table I). One of the three chil- 
dren who died (Case II-3) had xanthomas, but the 
cause of death was transfusion of incompatible blood. 
The other two (Cases II-1 and 11-5) died at a very 
early age, and their cholesterol levels were not avail- 
able. 


The Patients 


Patient II-6: This 11 year old boy had tüberous and pla- 
nar xanthomas in the buttocks at age 3 years. Xanthomas 
subsequently appeared in the interdigital regions of hands 
and feet as well as in the elbows and knees. Painful xantho- 
mas also developed in the extensor tendons of the hands, 
elbows and heels (Fig. 2, A and B). On admission, July 1, 
1971, the boy had a 6 month history of exertional dyspnea 
and typical effort angina pectoris characterized by oppress- 
ive chest pain relieved by rest and nitroglycerin, pallor and 





TABLE I 


Individual Serum Lipid Levels 





Serum Serum Type 





Age (yr) Cholesterol Triglycerides Hyperlipo- 

Subject & Sex (mg/100 ml) (mg/100 ml) proteinemia 
I-1 50M 382 195 IIb 
I-2 40F 483 150 Ila 
11-2 21M 305 195 IIb 
11-4 16F 392 150 lla 
11-6* 11M 724 117 Ila 
11-7* OF 784 77 lla 
11-8 7F 352 112 lla 
11-9 2/12F 187 120 lla 











* Patients described in present report. 


diaphoresis with occasional fainting spells. These symp- 
toms did not keep him from his habitual duties, shining 
shoes and selling newspapers. A protosystolic aortic click 
was heard, followed by a grade 2/4 early and midsystolic 
basal ejection murmur, radiating to both carotid arteries. A 
loud second sound was also heard in the aortic area. The 
phonocardiogram suggested aortic valve thickening and re- 
vealed an ejection time at the upper limit of normal. Other 
recorded sounds included an apical opening mitral snap 
and a grade I systolic murmur radiating to the axilla. Bilat- 
eral arcus cornea was present. Blood pressure was 125/60 
mm Hg with normal peripheral pulses. 

After discharge, the patient's angina became more fre- 
quent and severe. Six months later a myocardial infarction 
developed, which was treated at another hospital. No signs 
of heart failure or hypotension were reported. He was dis- 
charged 6 weeks later and returned to his previous activi- 
ties despite severe angina pectoris on effort. Symptoms and 
signs of progressive congestive heart failure developed in 
June 1973. On September 20, he was admitted for a second 
time with anasarca, digitalis intoxication and poor general 
condition; he was discharged on October 16 after control of 
his heart failure was effected. 

Chest X-ray films in 1971 showed a heart of normal size 
with a thin layer of calcification in the aortic wall. During 
his last admission in 1973 grade III cardiomegaly was found 
(Fig. 3, A and B). No coronary arterial or valvular calcifica- 
tions were seen. Radiolucent subperiosteal lesions and 
pseudocysts were observed in X-ray films of the hands and 
feet. 

The electrocardiogram taken at rest in 1971 was consis- 
tent with a diaphragmatic and anterolateral subendocardi- 
al lesion (Fig. 4). Chest pain, diaphoresis and fainting oc- 
curred during a double Master exercise test that revealed 
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FIGURE 2. Patient Ill-6. Xanthomas. 


FIGURE 3. Patient ll-6. Chest X-ray 
films: A, July 3, 1971 and B, October 


18, 1973. 


FIGURE 4. Patient ll-6. Serial electro- 
cardiograms. 
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transient increase of the diaphragmatic and anterolateral 
subendocardial lesion (leads V3 to V4) (Fig. 4). A postin- 
farction electrocardiogram in October 1972 revealed necro- 
sis of the diaphragmatic wall and findings suggestive of 
midanteroseptal necrosis (smaller R wave in lead V3 than 
in lead V5). On his last admission in 1973, besides the old 
diaphragmatic infarction, a left posterior hemiblock with 
right axis deviation and subendocardial lesion of the lateral 
wall were evident (Fig. 4). 

Cardiac catheterization and coronary arteriography 
with use of the Mason Sones technique were performed on 
July 20, 1971. Left ventricular systolic pressure was 142 
with an end-diastolic pressure of 7 and mean pressure of 93 
mm Hg; there was no gradient across the aortic valve dur- 
ing systole. Coronary arteriography revealed normal right 
(Fig. 5A) and circumflex coronary arteries. There were two 
areas of at least 90 percent narrowing in the left anterior 
descending artery (Fig. 5B). Left ventricular cineangiogram 
disclosed synergistic contraction with no evidence of mitral 
regurgitation and normal systolic ejection fraction. In a 
second study performed on October 30, 1973 there was 
complete obstruction of the right and left anterior descend- 
ing coronary arteries (Fig. 5, C and D). Few collateral ves- 
sels were visualized and there was no distal filling. The left 
circumflex coronary artery was normal (Fig. 5D). No left 
ventricular angiogram was obtained because of the devel- 
opment of pain and pulmonary edema. However, a phono- 
kinetocardiogram revealed.extensive dyskinesia of the an- 
terior left ventricular wall and elevated a wave with a short 
ejection period. Ventricular dyskinesia was also seen during 
fluoroscopy. 


A psychologist considered the patient hyperkinetic with 
a reactive depressive syndrome and schizoid personality. 

Patient II-7: This 9 year old girl had tuberous xantho- 
mas as an early manifestation at age 3 years. On admission 
she was asymptomatic and had multiple tuberous, planar 
and tendinous xanthomas. Arcus cornea was absent. Her 
blood pressure and peripheral pulses were normal. An early 
systolic ejection murmur with normal ejection time and de- 
layed ascending limb of the carotid pulse was recorded, 
suggestive of aortic valve thickening. Chest X-ray films and 
cardiac fluoroscopic studies were normal. Electrocardio- 
grams were normal at rest and after a double Master exer- 
cise test. Cardiac catheterization revealed a left ventricular 
systolic pressure of 137, end-diastolic pressure of 8 and a 
mean of 65 mm Hg. The aortic pressure was 137/73 mm Hg 
with a mean of 94. There was no gradient across the aortic 
valve during systole. Coronary angiography and ventricu- 
lography revealed normal arteries and left ventricle. 

Because of the patients' lack of cooperation no adequate 
ee (diet and drug) trial was possible in either 
child. 


Discussion 


Familial type II hyperlipoproteinemia is a heredi- 
tary disease related to a highly penetrant autosomal 
dominant gene.9?59 The homozygous phenotype is 
characterized by a high serum level of low density li- 
poprotein (LDL).*:*1° Serum cholesterol level is more 
than 500 mg/100 ml in adults and more than 100 
mg/100 ml in the umbilical cord.!1-13 Xanthomas ap- 





FIGURE 5. Patient il-6. Coronary arteriograms, July 20, 1971 (A and B) and October 30, 1973 (C and D). A, normal right coronary artery (RCA) 
and B, two areas of proximal narrowing in the left anterior descending coronary artery (LAD). Normal left circumflex artery (LC). C, total obstruc- 
tion of the right coronary artery. The atrial artery is visualized. D, complete obstruction of the anterior descending coronary artery. Normal left 


circumflex artery Is seen (LC). 


pear before age 10 years and vascular disease is com- 
mon before age 20 years.? This is apparently due to 
hypocatabolism of cholesterol-rich betalipoproteins, 


and no defect in synthesis or distribution has been 


demonstrated.91415 It is the most frequent familial 
genetic disorder® and may be found in 1 of every 150 
to 200 live births.91? Survival is known to be limited 
to the second or third decade.*!*82 Obstruction of 
the major extramural coronary arteries by atheroscle- 
rotic plaques has been found at autopsy in more than 
75 percent of cases examined.516,17,21,29 

Our patients had all the characteristics of the 
homozygous type II phenotype. In Patient II-6 early 
and progressive obstruction of the coronary arterial 
tree was objectively documented by means of coro- 
nary arteriography. The first study disclosed severe 
narrowing of the left anterior descending artery al- 
though the right and the left circumflex coronary ar- 
teries were normal. Two years later, however, com- 
plete obstruction had developed in the left anterior 
descending and the right coronary arteries. This is 
highly suggestive of progression of coronary athero- 
matosis, although the occlusion could also have been 
caused by an embolic plaque or thrombosis in situ. In 
any case, this course of events makes us believe that 
aortocoronary bypass surgery would be difficult to 
consider since the rapid progression of atheromas 
and occlusion cannot be altered by surgery. In fact, if 
this patient had had a bypass to the left descending 
coronary artery the surgeon could not have predicted 
the obstruction of the right coronary artery that also 
developed. 

The lack of collateral circulation or visible small 
vessels is noteworthy. It is not known whether their 
absence is related to the rapid development of the 
obstruction of the main arteries, or to involvement of 
the small vessels of the myocardium, or both. 
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Aortic atherosclerosis in homozygous type II hy- 
perlipoproteinemia i is greater in the ascending than 
in the abdominal portion of the aorta. 3,10 This “‘re- 
verse” distribution is mostly circumscribed at the as- 
cending aorta, supravalvular, valvular or subvalvular 


Aw 


portion, and can also include the endocardium of the n 


left ventricle, mitral valve and atrial endocar- 
dium.19?23 Sometimes the right heart structures are 
also involved, such as the major pulmonary arte- 
ries!028 and the tricuspid valve.?!! Signs of lipid de- 
posits with thickening of the aortic valves were re- 
corded in our two cases, although an aortic-ventricu- 
lar gradient was not obtained. These findings could 


be considered as the initial step in the development © 
of valvular aortic stenosis since the aortic cusps have — 
been reported to be thickened, with the orifice nar- — 
rowed and sometimes heavily calcified.1%2%25.27,30-32 — 
Supraaortic stenosis has also been described.!? Ath- 


erosclerotic plaques at the mural endocardium of the 
left ventricular outflow tract have sometimes pro- 
duced subaortic stenosis.!:33 The presence of lipid- 


calcified deposits at the coronary ostium!? should al- 


ways be kept in mind when performing coronary ar- 
teriographic studies. As suggested in Patient II-6, mi- 
tral involvement is possible, although it has not been 
reported to produce stenosis or insufficiency of the 


valve,3:10,21,29 
Addendum 


Patient II-6 had chest pain and died with ventricu- — 


lar fibrillation December 20, 1974. 
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An 18 year old girl with pseudoxanthoma elasticum, a 7 year history — 
of angina pectoris and evidence of an old anteroseptal myocardial in- 
farction was found on coronary angiography to have three vessel coro- 
nary artery disease. A triple coronary artery-saphenous vein bypass _ 
graft was performed, and she has been asymptomatic for 1 year. His- 
tologic examination of a segment of the right coronary artery revealed 
changes consistent with the vascular lesion of pseudoxanthoma elasti- — 
cum. 


Pseudoxanthoma elasticum is an inherited connective tissue disease . 


in which the basic defect is thought to be a dysplastic and metabolic 


derangement of elastic tissue.^? Fragmentation and calcification of . 


elastic tissue in the peripheral vessels is a well known feature of the 
disease.? However, associated disease of the coronary arteries has — 
been recognized previously only at autopsy,?4-5 by roentgenographic ~ 
calcification’ and, on one occasion, by coronary angiography.® X 

This report describes an 18 year old girl with pseudoxanthoma 
elasticum who had had classic angina pectoris since the age of 11. 
Coronary angiography demonstrated severe three vessel coronary ar- 
tery disease, and all symptoms of ischemic heart pain were totally re- 
lieved after a triple coronary bypass graft procedure. A biopsy of the 
coronary artery at the time of surgery revealed vascular changes simi- 
lar to those previously described in postmortem studies of pseudo- 
xanthoma elasticum.! 


Case Report 


An 18 year old white girl was referred to this hospital for evaluation of 
chest pain of 7 years' duration. She first became aware of chest pain at age 11 
while walking up stairs at school. The pain was described as a substernal 
pressure occurring predictably with physical exertion and relieved by rest. 
The pain never lasted more than a few minutes, was relieved by sublingually 
administered nitroglycerin, and was often associated with dyspnea, palpita- 
tions and sweating. The pain had gradually increased in frequency and oc- 
curred 5 to 10 times a day, depending on the level of her activity. In high 
school her activities were markedly restricted, and she was allowed to have 
most of her classes on the first floor. There was no past history of rheumatic 
fever or chest trauma. She had scarlet fever at age 10 years, when it was first 


noted that she had a yellowish papular skin rash on her neck, which has per- 


sisted to the present time. In October 1970 she had an episode of nausea, 
vomiting and pain in the right upper quadrant without melena that was diag- 
nosed as acute gastroenteritis. She denied knowledge of hypertension or dia- 
betes and was not taking oral contraceptive agents. She has smoked 20 ciga- 
rettes a day for about 4 years. | 
The family history is pertinent in that the patient's 20 year old brother 
has a similar rash on the neck that has been diagnosed as pseudoxanthoma 
elasticum. He is asymptomatic. Her mother and father are second cousins. 
The father is living and had a myocardial infarction at age 52. n 
On physical examination she appeared well and in no acute distress. Tem- 
perature was 98.6? F, heart rate 72 beats/min, respiratory rate 15/min and _ 
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FIGURE 1. Photograph demonstrating the typical yellowish papular 
rash of pseudoxanthoma elasticum over the anterior neck. 


blood pressure 120/80 mm Hg. Examination of the skin re- 
vealed loose, moderately redundant, inelastic skin over the 
anterior aspect and both sides of the neck. Yellowish firm 
papules were arranged in linear fashion over these areas 
(Fig. 1). The dermatologic consultant believed these lesions 
to be diagnostic of pseudoxanthoma elasticum. There were 
no xanthomas. Examination of the eyes revealed diffuse 
angioid streaks of both fundi, most prominent in the right 
eye at 1, 5 and 9 o’clock (Fig. 2). The jugular venous pres- 
sure and wave contour were normal, as was the carotid ar- 
terial upstroke. The chest was clear to auscultation and 
percussion. 

Examination of the heart revealed the point of maximal 
impulse to be located at the midclavicular line in the left 
fourth interspace. The first heart sound was normal, the 
second was physiologically split, and no third or fourth 
heart sound was heard. There was a grade 1/6 systolic ejec- 
tion murmur at the left second intercostal space, but no 
precordial heaves or paradoxic bulges were present. There 
was an extrasystole approximately every 5 to 10 beats. Ex- 
amination of the abdomen revealed no abnormality. All 
pulses were present and normal bilaterally in the limbs. 





FIGURE 2. Ophthalmoscopic appearance of ocular fundus. Left, 
showing angioid streaks in inferior and superior nasal quadrants 
and superior temporal quadrant. Right, angioid streaks after 
staining with fluorescein. 


Laboratory Studies 


Laboratory values were hemoglobin 13.6 g/100 ml, hema- 
tocrit 38.3 percent and white blood cells 8,130 mm? with a 
normal differential count. Urinalysis revealed a specific 
gravity of 1.025, no albumin or sugar and a normal sedi- 
ment. The erythrocyte sedimentation rate was 10 mm in 1 
hour. All routine blood chemistry and serum enzyme values 
were normal. The prothrombin time was normal. Results of 
the Hinton serologic test were negative. Values for fasting 
serum cholesterol and triglyceride were 188 mg/100 ml and 
106 mg/100 ml, respectively; the serum uric acid level was 4 
mg/100 ml. The lipoprotein electrophoresis was normal. 
The fasting glucose value was 83 mg/100 ml, and results of 
an oral glucose tolerance test were normal. 

The resting electrocardiogram revealed a sinus rhythm 
of 70 beats/min with 6 to 12 premature ventricular beats 
per minute. There was a small q wave in leads V; to Vs. 
The S-T segments were flat and depressed by 0.5 mm in 
leads I, II and V; to Vg. The T waves were biphasic in leads 
II and V4 to Vg. A Master two step test was performed and 
revealed 2 mm S-T segment depressions in leads V4 to Vg 
and chest pain was produced. The vectorcardiogram con- 
firmed an old anteroseptal myocardial infarction. 

The cardiac X-ray series revealed no evidence of cardiac 
chamber enlargement, no calcification and a normal pul- 
monary vasculature. Àn echocardiogram revealed normal 
mitral valve excursions. Results of an X-ray series of the 
upper gastrointestinal tract were normal, and X-ray exami- 
nation of the arms and legs revealed no evidence of vascu- 
lar calcification. 

Cardiac catheterization and coronary arteriograms: 
Cardiac index was normal (4.0 liters/min per m?) as were 
the pulmonary arterial pressure (25/8 mm Hg) and other 
right-sided pressures. The systemic pressure was 124/75 
mm Hg. There were no valvular gradients, and the left ven- 
tricular end-diastolic pressure was normal. Right atrial 
pacing was performed to a rate of 144 beats/min. The pa- 
tient did not experience angina, but her left ventricular 
end-diastolic pressure increased abnormally to 16 mm Hg 
at the cessation of pacing. The left ventricular angiogram 





revealed inferoapical hypokinesia and the systolic ejection 
fraction was 50 percent. 

The selective coronary arteriograms revealed a complete 
occlusion in the proximal third of the right coronary artery 
with distal reconstitution by way of collateral vessels from 
both the left and right coronary arterial systems (Fig. 3). 
There was a greater than 75 percent stenosis of the proxi- 
mal third of the left anterior descending coronary artery, 
and a 90 percent stenosis of the distal third of the left cir- 
cumflex coronary artery. The distal left circumflex artery 
filled retrogradely from collateral vessels (Fig. 3). 


Clinical Course 


Because of the frequency and severity of her symptoms, 
her age, the presence of three vessel coronary disease and 
evidence of abnormal ventricular performance, the patient 
was considered a candidate for coronary bypass surgery. 

At the time of surgery, the coronary arteriographic find- 
ings were confirmed. The proximal third of the right coro- 
nary artery was found to be a firm cord, and a 5 mm long 
biopsy specimen was obtained for histologic studies. The 
right coronary artery distal to the obstruction was small 
(internal diameter 1.5 mm). One saphenous vein graft was 
anastomosed in a side to side fashion to the mid-portion of 
the right coronary artery, and continued as an end to side 
anastomosis to a 2 mm posterior ventricular branch of the 
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left circumflex artery. A second graft was anastomosed 
proximally to the ascending aorta and distally to the left 
anterior descending artery beyond the stenosis. The mea- 
sured flow in the first and second grafts as the patient came 
off the cardiopulmonary bypass pump was 115 and 165 
ml/min, respectively. The postoperative course was un- 
eventful except for premature ventricular contractions that 
occurred at a rate of 5 to 10/min in the 1st 24 hours postop- 
eratively; the arrhythmia responded to intravenous admin- 
istration of lidocaine hydrochloride. The patient was dis- 
charged on the 10th postoperative day and has thus far re- 
mained asymptomatic. When seen 1 year postoperatively, 
she had married, recently become pregnant and had experi- 
enced no ischemic chest pain since the operation. 


Histologic Studies 


A skin biopsy specimen taken from the area of her neck 
rash revealed an increase in elastic fibers in the mid and 
lower dermis associated with dermal fibrosis. As demon- 
strated with a Verhoeff-van Gieson stain, these intrader- 
mal elastic fibers were thickened and fragmented (Fig. 4A). 

A right coronary arterial biopsy obtained during coro- 
nary bypass surgery revealed a markedly narrowed lumen 
due to both subendothelial thickening and medial fibrosis 
(Fig. 4B). The subendothelial connective tissue was rich in 
acid mucopolysaccharide, as demonstrated by both alcian 





FIGURE 3. Coronary arteriograms. A, right coronary artery in lateral projection. There is a complete segmental occlusion in the proximal third 
(white arrow). Distal filling occurs from a large conus branch and the acute marginal artery. B, left coronary artery in the right anterior oblique 
projection. An occlusive lesion (white arrow) is visible in the proximal portion of the left anterior descending branch. The distal portion of the left 
circumflex branch reveals 90 percent stenosis (black arrow) with collateral filling of the distal segment. 
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blue and Hale's dialyzed iron stains; it also contained 
clumps of coarse elastic fibers. The internal and external 
elastic laminae were disrupted and fragmented. Dense foci 
of calcification were also found in the media (Fig. 4C). 
Biopsy of the right atrial appendage revealed mild in- 
terstitial fibrosis. Along the endocardium were foci of 


plaque-like areas composed of dense connective tissue with 
prominent curled and fragmented elastic fibers (Fig. 4D). 

Biopsies of the proximal left femoral and saphenous 
vein disclosed normal findings; however, a biopsy of the as- 
cending aorta revealed a mild increase in elastic fibers with 
irregular thickening and fragmentation. 
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tery. D, right atrial appendage showing a plaque-like elevation along the atrial endocardial surface containing prominent curled elastic tissue fi- 
bers. A and B, Verhoeff-van Gleson X63 and X25, respectively, Increased by 355 percent; C, alazarine red X 160, increased by 235 percent; D, 


Verhoeff-van Gieson X 160, increased by 235 percent.) 


Discussion 


Our patient has clinical and laboratory findings 
consistent with the diagnosis of pseudoxanthoma 
elasticum. Her predominant symptom was debilitat- 
ing angina pectoris of 7 years’ duration. Although her 
angina never lasted more than 3 to 4 minutes, her 
electrocardiogram and vectorcardiogram revealed an 
anteroseptal myocardial infarction, and selective cor- 
onary arteriography demonstrated significant ob- 
structive disease of all three major vessels. 

Because of the absence of the known risk factors of 
coronary heart disease in a young woman, other caus- 
es of coronary artery disease such as anomalous coro- 
nary vessels, left ventricular outflow obstruction and 
vasculitis were ruled out during the diagnostic evalu- 
ation. A recent report? describes two sisters less than 
20 years old with occlusive coronary artery disease re- 
sulting from advanced intimal fibrous proliferation. 
However, our patient had no evidence of this abnor- 
mality on coronary arterial biopsy. In light of these 
observations and the histologic appearance of the 
right coronary artery, it is clear that our patient suf- 
fered from coronary occlusive disease secondary to 
the vascular lesions of pseudoxanthoma elasticum. 


Cardiovascular abnormalities in pseudoxan- 
thoma elasticum: Pseudoxanthoma elasticum is a 
multisystem disease involving predominantly the 
skin, eyes, gastrointestinal tract and cardiovascular 
system.^!? Peripheral vascular involvement is com- 
mon in both the arms and legs.?:!!:!2 The basic abnor- 
mality is believed by most authorities to involve ab- 
normal elastic fibers that appear to have an unusual 
affinity for calcium.^? This results in elastic fiber 
shortening, wrinkling, degeneration and marked cal- 
cium deposition, particularly in the media of the ar- 
teries; subintimal and medial fibrosis occurs, which 
eventually narrows the lumen. Although the periph- 
eral vascular manifestations have been well de- 
scribed, evidence of coronary artery disease has been 
less thoroughly investigated. 


Coronary arterial involvement: In the first case 
examined at autopsy by Balzer!? in 1884, endocardial 
thickening was described in the right atrium and ven- 
tricular myocardium, but no coronary arterial find- 
ings were noted. More recently, Coffman and Som- 
mers!^ and Huang et al.,!5 have described cases of 
pseudoxanthoma elasticum with pathologic involve- 
ment of the endocardium and valves. In 1959, 
Carlborg et al.!6 reported angina in 15 of 29 patients 
with pseudoxanthoma elasticum. Angina developed 
at an early age in these patients. The mean age of the 
group with angina was 38 years, and one patient with 
angina was only 7 years old. In subsequent reported 
series the incidence rate of angina has ranged from 4 
to 50 percent.?!? Although angina has been described 
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in patients with pseudoxanthoma elasticum, myocar- - 
dial infarction is rare. In 1958, Nellen and Jacobson? - 
first reported radiologic evidence of calcification of 
the coronary arteries in a 31 year old woman with 
pseudoxanthoma elasticum who had no cardiac 
symptoms and a normal electrocardiogram. Hamil- 
ton-Gibbs!? recently reported myocardial infarction 
in a 6 week old infant whose mother had pseudoxan- 
thoma elasticum. At autopsy, widespread calcifica- 
tion of all coronary arteries was found, and oblitera- 
tion of the left main coronary artery and the left an- . 
terior descending branch were seen. However, no def- | 
inite diagnosis of pseudoxanthoma elasticum was 
made in the infant. y 

Ours is the third patient with pseudoxanthoma — 
elasticum studied by coronary angiography. McKus- - 
ick? described a patient with substernal chest pain . 
and a normal electrocardiographic exercise test who ` 
also had a normal coronary arteriogram. Maurice and 
Capronnier? described a 23 year old man with pseu- 
doxanthoma elasticum who had severe angina pecto- 
ris and a previous inferolateral myocardial infarction. | 
The coronary arteriogram revealed total occlusion of - 
the left anterior descending coronary artery and dif- | 
fuse lesions distally in the right coronary artery. 
Prick^ described a patient at postmortem examina- 
tion with tissue abnormalities of pseudoxanthoma - 
elasticum in the coronary arteries. Goodman et al.? 
reported three cases of pseudoxanthoma elasticum in 
which the external elastic membrane in the coronary 
arteries contained broken and irregular calcified elas- 
tic fibers. McKusick? described autopsy findings ina - 
13 year old patient with gastrointestinal hemorrhage 
and in a 63 year old man with severe coronary dis- 
ease. Both cases were believed to manifest changes in 
the coronary arteries unique to pseudoxanthoma | 
elasticum. 

Vascular and coronary bypass surgery: There 
are few accounts of vascular surgery in patients with 
pseudoxanthoma elasticum, and no previous reports 
of coronary arterial surgery. For this reason there was 
concern about the technical aspects of the surgical 
procedure, particularly with regard to tissue healing 
and the competence of the graft anastomosis. How- 
ever, in view of McKusick's description? of successful 
homograft procedure in a patient with pseudoxan- 
thoma elasticum and a typical Leriche syndrome sec- 
ondary to thrombotic obliteration of the bifurcation . 
of the aorta, our patient was advised to undergo coro- 
nary arterial bypass surgery. 

At operation all tissues and vessels with the excep- 
tion of the occluded right coronary artery appeared 
grossly normal and handled normally, enabling rou- 
tine vein grafts to be placed. Healing proceeded nor- - 
mally, and at follow-up examination 1 year later the 
patient was asymptomatic. 
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Angiocardiographic study of a case of multiple ventricular aneurysms. 
in a 17 year old Nigerian girl is reported. The patient presented with 
ventricular tachycardia and has remained well after conversion of the. 
arrhythmia to sinus rhythm. The pathogenesis of multiple siens. 
aneurysms is briefly reviewed. 
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Myocardial infarction is the most common cause of aneurysms of the 
left ventricle in temperate climates, where coronary artery disease 
represents a major medical problem. Aneurysms that occur after 
myocardial infarction usually appear singly, are composed of ele- 
ments of infarcted myocardium and represent bulging of the weak- 
ened wall. 

The rarity of coronary artery disease in the African has been tha 
subject of many communications!“ although aneurysms of the left 
ventricle have been encountered and documented in Nigerians.59 
However, in each case, these aneurysms occurred multiply and the 
patients, when first seen, either had congestive heart failure with evi- 
dence of mitral regurgitation or had findings indicative of systemic. 
embolism. We report a case of multiple aneurysms of the left ventri- 
cle found in an apparently healthy young girl with no symptom sug- 
gestive of cardiac disability. 


Case Report 


The patient is a 17 year old school girl whose only complaint on admission 
to the Cardiovascular Clinic of Lagos University Teaching Hospital was pal- 
pitations. She had had episodes of palpitations during the previous 3 years. 
but they had not been of consequence. She had never had fainting attacks, 
exertional dyspnea or angina pectoris. 

On examination, the only abnormalities found were a pulse rate of 186/ 
min and a blood pressure reading of 90/50 mm Hg. There was no cardiomega- 
ly or heart murmur, and there were no signs of congestive heart failure. SN 

An electrocardiogram (Fig. 1) revealed ventricular tachycardia that revert- 
ed to normal (Fig. 2) after intravenous injection of 50 mg of lidocaine. There 
were inverted T waves in leads II, III and aVF and flat T waves in leads Vs 
and Ve. A chest X-ray examination performed on the same day (Fig. 3) re- 
vealed abnormal intracardiac calcification suggestive of either calcified der- 
moid cysts or ventricular aneurysms. 5 

Cardiac catheterization was performed. A yellow Kifa catheter was intro- 
duced into the right femoral artery by the Seldinger technique and advanced 
retrograde into the left ventricle. A no. 7 Cournand catheter was introduced 
into the right femoral vein by the same technique and advanced into the pul- 
monary artery. Pressures were recorded on an Electronics for Medicine DR 8 
recorder, using a P23 Db strain gauge; cardiac output was measured by the 
Fick principle. All pressures were within normal limits. Left ventricular end- 
diastolic pressure was 5 to 10 mm Hg and increased after angiography to 16 _ 
to 18 mm Hg. Cardiac output was 5.8 liters/min. However, the left ventriculo- : 
gram (Fig. 4), showed three pockets of ventricular aneurysms, one of which | 
was calcified and filled, possibly with clots. 

The patient has remained well and symptom-free on a maintenance dose . 
of quinidine, 200 mg twice daily. 
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Discussion 

Multiple ventricular aneurysms form an inter- 
sting group of cardiac aneurysms, and virtually all 
he cases previously described have been in African 
Negroes who are free of coronary artery disease. 
Abrahams et al.? from Ibadan reported that all six of 
heir patients had heart failure and most had mitral 
nsufficiency and cardiomegaly. Electrocardiograms 
showed T wave changes suggestive of myocardial dis- 
sase. Our patient probably represents the first in- 
stance of a patient who was in good health and has 
‘emained asymptomatic during 3 years of observa- 
‘ion. Unless systemic embolism or fatal arrhythmias 
»ccur, her prognosis is probably good. 

The pathogenesis of multiple ventricular aneu- 
‘ysms is poorly understood. Edington and Williams? 
ybserved in a study of 12 autopsy cases that the coro- 
lary arteries were patent and relatively free of ather- 
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FIGURE 2. Electrocardiogram after reversion of tachycardia to sinus 
rhythm following administration of 50 mg of lidocaine. 


omas. Histologically, they found that a few hearts 
had focal aggregates of lymphocytes in the myocar- 
dium, and that two manifested a chronic type of en- 
docarditis affecting the mitral valve. They therefore 
suggested that an infectious origin cannot be entirely 
excluded, although they admitted that the apparent 
limitation of these aneurysms to Africans is difficult 
to explain with this hypothesis. It is possible, how- 
ever, that these aneurysms also occur in Europeans 
and Americans but are mistaken for postinfarction 
aneurysms. 

Chesler? has suggested that multiple aneurysms of 
the left ventricle may be due to a congenital defect in 
those portions of the aortic or mitral valve anulus 
that are directly related to the epicardium and in 
which there is a muscular-fibrous junction. These are 
the areas where the ostia of the aneurysms are found 
in cases studied at autopsy, but again it is difficult to 


FIGURE 3. Chest X-ray films in pos- 
teroanterior (left) and lateral (right) 
views, revealing abnormal intracar- 
diac calcifications suggestive of cal- 
cified dermoid cysts or ventricular an- 
eurysms. 
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FIGURE 4. Left Vniticulodrams Jhang ERN of CENERE aneurysms. 


explain why this “congenital” defect should be limit- 
ed to Africans. 

One must also consider the more common occur- 
rence of primary myocardial disease of unknown ori- 
gin in Africans. In the advanced stages of this disease 
patients have severe resistant congestive heart failure 
with gross cardiomegaly, mitral insufficiency and 
pulmonary hypertension—findings shared by the pa- 
tients with ventricular aneurysms described by Abra- 
hams et al. Angiograms performed in some of these 
cases of primary myocardial disease revealed not only 
poor myocardial contractility, but also some com- 
pletely akinetic areas suggestive of pseudoaneurysms. 
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It is therefore possible that whatever etiologic factor 4s 


is responsible for diffuse myocardial damage in con- 
gestive cardiomyopathy may also affect some pa- 
tients in a patchy fashion, resulting in areas of weak- 
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ened walls that after a few years develop into aneu- 


rysms. 


If this is the case, our patient, who now has good 


cardiac function, in ‘subsequent years may show evi- 


dence of poor myocardial contractility and congestive 


cardiac failure similar to that of patients with pri- 


mary myocardial disease. This event would lend sup- - 
port to the view that these two diseases have a com- 


mon pathogenesis. 
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A 47 year old patient with the Ehlers-Danlos syndrome (hypermobility 
of the joints, hyperextensibility of the skin and atrophic cutaneous 
scars) was evaluated because of a mitral regurgitant murmur and par- 
oxysmal atrial tachycardia. Angiocardiography and echocardiography 
demonstrated marked systolic herniation of the posterior leaflet of the 
mitral valve. An echocardiogram from the patient's daughter, who also 
had paroxysmal atrial tachycardia, revealed the same abnormality. Al- 
though a *''floppy" valve is common in Marfan’s syndrome, this report 
emphasizes that it may also occur in patients with other heritable dis- 
orders of connective tissue. 


The Ehlers-Danlos syndrome is a heritable disorder of connective tis- 
sue characterized by fragility and hyperextensibility of the skin, hy- 
permobility of the joints and a variety of visceral abnormalities.! The 
clinical findings are relatively specific, and generally the syndrome is 
easily distinguished from other heritable disorders of connective tis- 
sue. However, patients with the Ehlers-Danlos syndrome and those 
with Marfan’s syndrome occasionally share certain characteristics, 
including laxity of articular structures, ectopia lentis, high arching of 
the palate, skeletal deformities and cystic medial necrosis of the aorta 
and other major arteries.! 

In patients with Marfan’s syndrome retroversion of the mitral 
cusps with valvular insufficiency (the “floppy valve syndrome”)??? 
may occur on the basis of myxomatous transformation of the leaflets 
or chordae tendineae.?*? The floppy valve syndrome has also been 
noted with the Ehlers-Danlos syndrome,! although reports of this as- 
sociation are sparse. However, the presence of a large amount of con- 
nective tissue in the fibrous skeleton of the heart, chordae tendineae 
and valve cusps suggests that structural cardiac abnormalities might 
not be rare in the Ehlers-Danlos syndrome. 

This report describes a patient with the Ehlers-Danlos syndrome 
who had mitral regurgitation due to atrial herniation of the posterior 
leaflet of the mitral valve. It suggests that defects of the valve leaflets 
or chordae tendineae may be a manifestation of the Ehlers-Danlos 
syndrome. 


Case Report 


A 47 year old man was admitted to this hospital on April 28, 1972 for eval- 
uation of a cardiac murmur, intermittent palpitations and progressive fa- 
tigue. A heart murmur had been noted at age 5 years during a routine exami- 
nation and again at age 19 years when he was accepted for military service. 
There was no history of rheumatic fever. 

He tired easily but had no history of significant exertional dyspnea, or- 
thopnea, paroxysmal nocturnal dyspnea, hemoptysis, cough, syncope or angi- 
na pectoris. For 12 years before admission he had had occasional episodes of 
palpitations lasting for minutes to days that required his hospitalization on 
three occasions. An electrocardiogram taken in 1971 during the last such epi- 
sode revealed paroxysmal atrial tachycardia. The attacks were successfully 
controlled by administration of digoxin. 





FIGURE 1. Hypermobility of the wrist. 


All his life the patient has been “‘loose-jointed” and com- 
plained of aching in the hands, wrists, elbows, knees, ankles 
and neck, aggravated by physical exertion. He has never 
had morning stiffness or joint swelling. He had a whiplash 
injury of the neck in 1969 but has not experienced frequent 
sprains or joint dislocations. 


FIGURE 2. Abnormal extensibility of pectoral skin. 


FIGURE 3. Atrophic scar over knee. 


There was no history of friable skin, easy bruisability or 
poor wound healing. Epistaxis occurred four to six times 
each year, requiring cauterization on several occasions. At 
age 16 years the patient underwent bilateral saphenous 
vein ligations for varicosities. 

The patient's father had died suddenly at home at age 40 
years of an “internal hemorrhage" of unknown origin. Un- 
fortunately, we have been unable to examine relatives of 
the propositus. According to the patient, no family mem- 
bers were unusually tall or thin. A brother, aged 61 years, 
allegedly has genu recurvatum. A sister, aged 45 years, is 
reportedly normal, but two of her five children are “dou- 
ble-jointed." 

Of the patient's six children, a 16 year old daughter has 
been known to have a heart murmur since age 7 years and 
has paroxysmal atrial tachycardia. She has no history of 
rheumatic fever. A phonocardiogram, performed at age 15 
years, revealed multiple midsystolic clicks and a late systol- 
ic crescendo murmur at the apex. An echocardiogram dis- 
closed increased mitral valve excursion (3 cm) and systolic 
prolapse of the posterior leaflet of the mitral valve into the 
left atrium. 

On examination the patient was 183 cm tall and weighed 
57.7 kg. His arm span was 173 cm and his lower segment 
length (symphysis pubis to floor) 91 cm (upper segment to 
lower segment ratio = 1.0). There was no suggestion of ara- 
chnodactyly or dolichostenomelia. The fingers and elbows 
could be readily subluxed and, with flexion of his wrists, 
the patient was able to touch his thumb to the forearm 
(Fig. 1). With extension of the shoulders, both scapulae 
met in the midline. Both hip joints could be extended to 
25°. Dynamic pes planus was present bilaterally. A bony 
deformity of the left elbow existed at the site of a fracture 
sustained in childhood, but there was no swelling, limita- 
tion of motion or tenderness of any other joints. The skin 
was smooth and velvety with abnormal extensibility and 
elasticity, particularly over the neck, elbows, forearms and 
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chest (Fig. 2). There were atrophic “cigarette paper” scars 
over the right knee (Fig. 3) and at the sites of the incisions 
from previous saphenous vein ligations. No subcutaneous 
nodules or molluscoid tumors were found. 

The sclerae were not blue, and there was no iridodonesis. 
Adductor rectus muscle weakness was present bilaterally. 
Slit lamp examination confirmed the absence of lenticular 
subluxation. 

The palate was extremely highly arched. No abnormality 
of the nasal mucosa was seen. The anteroposterior diame- 
ter of the thorax was increased and the thorax was asym- 
metric, with prominence of the left anterior side of the 
chest. The dorsal spine was straight, with loss of the nor- 
mal kyphosis. Both diaphragms were low but moved nor- 
mally. The chest was hyperresonant. No rales or rhonchi 
were noted. 

The blood pressure was 120/80 mm Hg in both arms and 
the heart rate 80 beats/min and regular. The peripheral 
pulses were normal. No cyanosis, malar flush or abnormal 
jugular venous distension was present. The cardiac apical 
impulse was diffuse and maximal in the sixth intercostal 
space in the midclavicular line. A systolic thrill was felt at 
the apex. The first heart sound was loud and the second 
heart sound normal and physiologically split. A ventricular 
diastolic gallop was heard at the apex. No clicks were pres- 
ent. A grade 4/6 holosystolic murmur, heard maximally at 
the apex, radiated to the left axilla. A grade 1/6 early dia- 
stolic decrescendo blowing murmur was heard at the left 
sternal border. 

The complete blood count, urinalysis and serum electro- 
lyte values were within normal limits, and the Westergren 
erythrocyte sedimentation rate was 3 mm in 1 hour. The 
platelet count was 200,000/mm?. Prothrombin time, partial 
thromboplastin time, thrombin time and fibrinogen level 
were all normal. Platelet function tests revealed normal ad- 
hesiveness to a glass bead column and normal aggregation 
after exposure to thrombin, collagen, adenosine diphos- 
phate and epinephrine. 

X-ray films of the cervical spine disclosed anterior sub- 
luxation at the level of the fifth cervical vertebra, with 
straightening and loss of the normal cervical lordosis below 
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that level. A pseudoarthrosis was present between the spi- 
nous processes of the first two cervical vertebrae. X-ray 
films of the chest revealed marked elongation of the thorax 
with flattening of the diaphragms. The third rib was bifid. 
The spine was straight, with loss of the normal thoracic and 
lumbar curves. The fifth thoracic vertebra was wedged an- 
teriorly. The cardiac silhouette was normal. No pulmonary 
vascular congestion or cardiac valvular calcifications were 
seen. X-ray films of the hands were normal; the metacarpal 
index was 7.75. 

The vital capacity was 5,700 ml (152 percent of predict- 
ed) and the maximal breathing capacity 92 liters/min (85 
percent of predicted). The expiratory reserve volume was 
1,950 ml, residual volume 2,140 ml, functional residual ca- 
pacity 4,090 ml and carbon monoxide diffusing capacity 
(Di.CO) 23.2 ml/min per mm Hg (71 percent of predicted). 

Cardiac studies: The electrocardiogram revealed sinus 
rhythm with a rate of 75/min. The P-R and QRS intervals 
were 0.26 and 0.09 second, respectively. The P waves were 
somewhat broad and peaked and there was evidence of left 
anterior hemiblock. Vectorcardiography confirmed the left 
anterior hemiblock and indicated P pulmonale. A phono- 
cardiogram confirmed the auscultatory findings of the 
physical examination. 

The echocardiogram revealed an augmented mitral valve 
excursion of 3.4 cm, and a normal anterior leaflet velocity 
of 104 mm/sec. Prolapse of the posterior leaflet into the left 
ventricle could be seen in early systole’ (Fig. 4A). The aor- 
tic root was dilated, with a diameter of 5.1 cm (Fig. 4B). 

Catheterization of the left and right heart chambers 
demonstrated no valvular gradients or evidence of intracar- 
diac shunting. The height of the V wave in the pulmonary 
capillary wedge pressure tracing was 10 mm Hg, and all 
other pressures were normal. Cardiac index was 2.3 liters/ 
min per m?. 

Left cineventriculograms were obtained in both oblique 
projections and demonstrated a normal chamber size and 
contractions. Reflux of contrast medium into the left atri- 
um was estimated to be 2+ and clearly outlined marked 
herniation of the posterior leaflet of the mitral valve during 
systole (Fig. 5A). This was followed by a wide diastolic ex- 


FIGURE 4. Echocardiograms. A, (1) E 
point of the anterior leaflet of mitral 
valve revealing an augmented excur- 
sion of 3.4 cm; (2) midsystolic posi- 
tion of the anterior leaflet of the mitral 
valve; (3) early systolic prolapse of 
the posterior leaflet of the mitral 
valve into the left atrium at the onset 
of ventricular systole. B, (4) anterior 
portion of the aortic root; (5) aortic 
valve echo in systole; (6) posterior 
wall of the aortic root with a diastolic 
dimension of 5.1 cm; (7) electrocardi- 
ogram. 


cursion of the herniated leaflet. Aortic root angiography re- 
vealed dilatation of the sinuses of Valsalva and trace 
amounts of aortic regurgitation (Fig. 5B). Selective coro- 
nary cinearteriography revealed a normal right dominant 
system with no evidence of obstructive disease. 


Discussion 


Extreme joint laxity, cutaneous hyperextensibility, 
“cigarette paper” scars, a tendency to hemorrhage 
and development of varicose veins in youth, and a 
family history of similar abnormalities are all hall- 
marks of the Ehlers-Danlos syndrome.!? We have 
been unable to find reports of pulmonary function 
studies in patients with this disease, but the greatly 
augmented vital capacity (152 percent of predicted) 
in our case reflects an extraordinary degree of com- 
pliance of the thorax and pulmonary parenchyma, 
suggesting that they were affected by the same ab- 
normality that involved the skin and joints. Thus, 
our patient fulfilled all the clinical criteria for the 
generalized connective tissue disorder recognized as 
the Ehlers-Danlos syndrome. 

The cineangiographic studies provided direct evi- 
dence that the mitral regurgitation in our patient was 
due to prolapse of the posterior mitral leaflet into the 
left atrium. Because angiography may carry an in- 
creased risk of complications in patients with the 
Ehlers-Danlos syndrome,’ it is notable that the her- 
niated posterior mitral cusp was also readily detected 
by echocardiography’ in this case. 

The anatomic abnormalities responsible for her- 
niation of the mitral leaflets were not elucidated. A 
variety of factors—such as rupture of chordae tendi- 
neae due to bacterial endocarditis, or papillary mus- 
cle dysfunction due to coronary artery disease—may 
produce prolapse of the mitral valve,!9!! but there 
were no grounds to support such diagnoses in our pa- 
tient. Furthermore, occlusive coronary artery disease 
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was excluded by selective coronary cinearteriogra- 
phy. It is therefore possible that the valve leaflet was 
inherently lax and redundant, or the chordae tendi- 
neae were lengthened, or both, as a result of the 
underlying connective tissue defect. 

Cardiac defects in Ehler's-Danlos Syndrome: A 
review of 100 cases of the Ehlers-Danlos syndrome!? 
has led to the conclusion that if a specific cardiac de- 
fect occurs it must be very uncommon. Isolated re- 
ports of other patients with the Ehlers-Danlos syn- 
drome have described conventional cardiac defects, 
such as tetralogy of Fallot,'? atrial septal defect,!4 
partial persistent atrioventricular canal! and bicus- 
pid right atrioventricular valve.!6 Whether these rep- 
resent coincidental associations or whether the basic 
connective tissue abnormality predisposes to defects 
in ontogeny is not known. 

Detailed reports of patients with the Ehlers-Dan- 
los syndrome and herniation of the mitral valve are 
lacking. McKusick,! however, has noted signs of the 
condition in some patients with the Ehlers-Danlos 
syndrome, type III, that is, those having marked and 
generalized joint hypermobility but in whom hy- 
perextensibility of the skin and other cutaneous 
manifestations are usually minimal. Our patient ap- 
pears to have had considerably more skin involve- 
ment than is usual in such cases. 

Differentiation from Marfan's syndrome: In 
Marfan's syndrome herniation of the mitral valve is 
due to myxomatous transformation.?? The same 
pathologic lesion may also be seen in patients who 
themselves have no distinguishing skeletal character- 
istics but whose family members have arachnodacty- 
ly or dolichostenomelia, suggesting that the herniat- 
ing mitral valve may be a forme fruste of Marfan's 
syndrome.? In contending that the valve lesion in our 
case may have been a feature of the Ehlers-Danlos 
syndrome, therefore, it is important to exclude the 





FIGURE 5. Angiocardiograms in left anterior oblique projection. A, cineventriculogram demonstrating systolic herniation of the posterior mitral 
valve leaflet (MVL) into the left atrium. Scalloping of the leaflet can be noted. B, aortic root angiogram demonstrating dilatation of the sinuses of 


Valsalva (arrow ). 
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possibility that the patient also had Marfan’s syn- 
drome. Indeed, the concurrence of these two herita- 
ble connective tissue diseases has been reported in a 
kindred!’ and patients have been described who have 
both the body habitus of Marfan’s syndrome and the 
skin and joint changes of the Ehlers-Danlos syn- 
drome. !® 

There is no evidence that our patient had Marfan’s 
syndrome; he did not have arachnodactyly, abnor- 
malities of other skeletal proportions or the lenticu- 
lar subluxation typical of that disorder. Although his 
palate was highly arched and his sinuses of Valsalva 
were dilated, these findings are common to both Ehl- 
ers-Danlos and Marfan’s syndromes and therefore 
not of value in differentiating between the two disor- 
ders.! Perhaps the most significant point in excluding 
the diagnosis of Marfan’s syndrome in our case is the 
absence of a positive family history of Marfan’s syn- 
drome, whereas members of at least two generations 
demonstrated the skin hyperextensibility and joint 
laxity characteristic of the Ehlers-Danlos syndrome. 

Paroxysmal tachycardia: The evidence of a her- 
niating mitral leaflet in the patient’s daughter is of 
particular interest. Previous reports! have suggested 
that this condition is sometimes genetically deter- 
mined. Moreover, the occurrence of paroxysmal atrial 


tachycardia in both the propositus and his daughter 
may be related to their mitral valve abnormality, 
since arrhythmias are not uncommon in patients with 
herniating mitral valves.?? In this regard it is notable 
that in Marfan’s syndrome arteries to the sinoatrial 
and atrioventricular nodes may show medial degener- 
ation and hyperplasia and intimal proliferation.?! 
The histologic features of the conducting system in 
the Ehlers-Danlos syndrome has not been studied, 
but may be similar. 

Bacterial endocarditis: Finally, bacterial endo- 
carditis has a tendency to develop in patients with 
Marfan’s syndrome and the floppy mitral valve syn- 
drome.?2?3 By analogy, in view of the findings in our 
case, antibiotic prophylaxis at times of increased risk, 
such as dental extraction, appears to be warranted in 
patients with the Ehlers-Danlos syndrome who have 
evidence of cardiac valve disease. 
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Dynamic Ventriculography and the Role of the Ejection Fraction : 
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Cardiac function is best evaluated in two different 
states since function may be normal at rest and ab- 
normalities may become evident only when a load or 
stress is applied to the cardiovascular system. Such 
an intervention is exercise, typically used to provoke 
changes in the electrocardiogram or phonocardio- 
gram, particularly when these are normal at rest. 
Similarly, hemodynamics have been studied in the 
cardiac catheterization laboratory at rest and during 
exercise.'? These studies have concerned changes in 
pressures and flow, but not in the function of the 
heart as a pump, primarily because of the limitations 
of technique for quantifying the displacement capa- 
bilities of the beating heart. The advent of ventricu- 
lography allowed changes in wall motion and ventric- 
ular volume to be evaluated throughout the cardiac 
cycle. Most recently, the pumping action of the left 
ventricle has been analyzed, not only at rest but dur- 
ing a second state designed to test the reserve capaci- 
ty of the heart in a manner similar to that of the ear- 
lier studies of pressure and flow. Dynamic ventricu- 
lography is the term that best characterizes this type 
of investigation. 


Types of Dynamic Ventriculography 


In most instances, two left ventriculograms are re- 
quired, the first under controlled conditions with ap- 
propriate measurements of heart rate and systemic 
(or pulmonary) pressures. The purpose of the second 
study is either to precipitate latent dysfunction or to 
test contractile reserve. Methods of eliciting latent 
ventricular dysfunction include atrial pacing,?-? exer- 


cise®’ and infusion of propranolol.® Pacing-induced- 


ischemia may be reflected by the induction of either 
segmental or generalized abnormalities of contrac- 
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tion. Thus, Dove et al. reported abnormal wall mo- - 


tion during pacing in two patients with coronary ar- 
tery disease and normal wall motion at rest, and 


worsening of wall motion during pacing in four of five i 


patients with previous abnormalities. Pasternac et 
al. reported that during pacing abnormal wall mo- 
tion appeared in two of three patients with normal 
motion at rest, and previous wall motion abnormali- 
ties were made worse in six of seven other patients. 
Dwyer‘ reported similar findings and noted that di- 
minished wall motion found in more than one seg- 
ment reflected multiple coronary vessel involvement. 
In two preliminary reports, Flessas et al reported 
the same type of findings in 10 subjects studied be- 


fore and during handgrip exercise, and Sharma and . 


Taylor’ in 8 subjects studied before and during dy- 


namic leg exercise. Intravenous administration of  . 


propranolol also resulted in induced or exaggerated 
asynergy in 5 of 10 subjects studied by Helfant et al. 
(The mechanism of action of propranolol is different 
from that of pacing or exercise and is presumably re- 
lated to the drug's general cardiac depressant action.) 

If contractile reserve of a normal or asynergic area 
is to be assessed, a catecholamine such as /-epineph- 


^ 


rine may be infused or nitroglycerin administered 


sublingually. |-Epinephrine increases the contractile 
state of the myocardium, whereas nitroglycerin de- 
creases the afterload against which the ventricle must 
eject. Infusion of /-epinephrine in 18 patients in our 
laboratory? resulted in improvement in wall motion 
in normal areas and in asynergic zones composed of 
muscle, or a mixture of muscle and scar, but not com- 
posed of scar alone. Results were similar in 35 pa- 


tients studied with nitroglycerin by Helfant et al.!9. 


Dove et al.? reported normalization or improvement 
in wall motion after administration of nitroglycerin 


in six patients undergoing pacing at the same rates - 


that had previously resulted in worsening of wall mo- 
tion. 


One technique that also measures contractile re- - 
serve, but requires only one ventriculogram, utilizesa _ 


ventricular premature beat, either induced or sponta- 


neous, during the first few beats of the ventriculo- 
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-gram.!! The beat following a ventricular premature 


contraction is potentiated (increasing the contractile © 


state of the myocardium). The wall motion and vol- 

.ume of the potentiated beat can be compared with 
those of the beat preceding the ventricular premature 
contraction. In 18 patients postextrasystolic poten- 
tiation induced a response similar to that obtained 
with /-epinephrine, except that the degree of im- 
-provement was greater and more consistent. 


Role of the Ejection Fraction in Dynamic 
Ventriculography 


The ejection fraction is a useful measurement of 
ventricular pump function since it relates ventricular 
stroke volume to end-diastolic volume. As a single 

measurement, it is superior to left ventricular end- 
diastolic pressure, which may be influenced by both 
ventricular volume and compliance, and to cardiac 
output, which is itself a function of unrelated vari- 
ables, including venous return, aortic impedance, 
heart rate and stroke volume. Ejection fraction has 
been reported to be useful in the evaluation of pa- 
tients with congenital heart disease,!? cardiomyopa- 
thy,'® valvular heart disease!*!^ and coronary artery 
 disease.!^!6 By assuming the left ventricle to be ellip- 
. soidal, and using the area-length method!" to deter- 
mine ventricular volumes, it is relatively simple to 
obtain the ejection fraction from the ventriculogram. 
Since ventriculography is becoming more and more a 
routine part of the standard diagnostic cardiac cathe- 
terization, the ejection fraction is as readily available 
as conventional measurements of pressure and cardi- 
‘ac output. Unlike the isovolumic pressure-time in- 
. dexes, it requires no special equipment. Furthermore, 
in comparing measurements of ventricular dysfunc- 
tion, sophisticated indexes such as contractile ele- 
ment velocity (Vcg) and contractile element velocity 
‘at zero load (Vmax) seem to hold no advantages over 
measurements based on emptying or displacement 
from the ventricle.!5 The mean rate, or velocity, of 
circumferential fiber shortening (Vcr), which relates 
transverse axis shortening to ejection time, is theo- 
 retically superior to ejection fraction. However, since 
ejection time is usually relatively constant from pa- 
tient to patient, there is often no clinical advantage 
to using this variable instead of the ejection fraction. 
The proved value of the ejection fraction as a he- 
modynamic measurement of overall left ventricular 
function and as a prognostic guide to clinical out- 
come makes it a useful measurement to be assessed 
.during dynamic ventriculography. Determination of 
the ejection fraction in two states—at rest and during 
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changed in two patients with coronary artery disease 
who did not manifest asynergy. Similarly, Dwyer 
showed a decline in ejection fraction in 8 of 10 pa- 
tients with coronary artery disease who manifested 
asynergy or worsening of asynergy during right atrial 
pacing. During handgrip exercise, Flessas et al.® re- 
ported that 8 of 10 patients had a reduced ejection 
fraction in conjunction with development of hypokin- 
esia. Therefore, when dynamic ventriculography is 
used to precipitate latent left ventricular dysfunc- 
tion, a reduction in the left ventricular ejection frac- 
tion is usually associated with development or wors- 
ening of regional wall motion abnormalities. Some- 
times this is minor but, as both Pasternac? and 
Dwyer^ have pointed out, in many patients a decline 
in ejection fraction may be dramatic and suggests se- 
rious impairment of left ventricular function during 
tachycardia-induced ischemia. 

Improvement in contractile reserve can also be 
demonstrated by observing changes in ejection frac- 
tion during dynamic ventriculography. Ejection frac- 
tion improved in 2 normal control subjects and 12 of 
16 patients with coronary artery disease after infu- 
sion of /-epinephrine? Similarly, during postex- 
trasystolic potentiation, ejection fraction was im- 
proved in 3 normal control subjects and all 15 pa- 
tients with coronary artery disease.!! Augmentation 
greater than 0.10 was not unusual in both series. The 
change in overall ejection fraction during inotropic 
stimulation with epinephrine or postextrasystolic po- 
tentiation, or both, was examined in patients with 
ischemic heart disease with a depressed ejection frac- 
tion at rest.!? The results were correlated with imme- 
diate and short-term prognosis after either surgical 
or medical treatment with or without preexisting 
congestive heart failure. Increases in ejection fraction 
greater than 0.10 were associated with a better prog- 
nosis than were lesser degrees of augmentation (P 
«0.001). Furthermore, after myocardial revascular- 
ization, segmental zones that had exhibited increased 
shortening during inotropic stimulation”? or adminis- 
tration of nitroglycerin!? often showed improvement 
over the preoperative resting state when repeat left 
ventriculograms were performed. 

In all studies, reproducibility of the technique as 
well as the effects of contrast medium must be taken 
into consideration.??? Ventriculograms should be 
programmed at the same degree of obliquity with the 
camera and at the same distance from the patient 
and tabletop for all sequential studies. They should 
be analyzed according to standardized conventions, 
preferably by the same observer. Reliance on auto- 


mated or semiautomated techniques may eliminate 
some of these problems in the future although at 
present there is no uniformity of opinion regarding 
reference points for superimposition of end-diastolic 
and end-systolic silhouettes to allow for measure- 
ment of segmental areas of wall shortening. Hemody- 
namic monitoring should be employed routinely be- 
fore each ventriculographic study since alterations in 
ventricular configuration or emptying, or both, may 


-an intervention— helps to define change in the global 
character of the heart as a pump in the same way 
that measuring segmental axial shortening defines 
changes in segmental performance. For example, 
Pasternac et al? demonstrated a decline in ejection 
fraction of six of eight patients with coronary artery 
- disease who manifested asynergy or worsening of pre- 
viously asynergic areas during tachycardia induced 
by right atrial pacing. Ejection fraction was un- 
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be due to changes in heart rate, preload, afterload or 
contractile state in association with, or independent 
of, a particular intervention. 


Future Needs 


What does the future hold for dynamic ventricu- 
lography? In addition to the need to determine opti- 
mal reference points for measuring segmental short- 
ening, there may be a need for implementing more 
than the conventional biplane arrangement so that 


10. 


11. 


12. 
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four simultaneous views, rather than the present two, — 
are obtained. Correlations with radioisotope angiog- | 
raphy and B-scan ultrasonography are also essential. - 
If these procedures are shown to be accurate and reli- - 
able, it may be possible to avoid repeat cardiac cathe- | 
terization in patients and to perform sequential ven- — 
triculograms noninvasively. Lastly, it is obviously — 
necessary to employ the concept of dynamic ventric- 5 
ulography to study the right ventricle now that suit- 


able geometrical models??:?* have been presented. — - 
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ATRIAL PACING DURING ANGIOGRAPHY —I* 


ilthough prolonged periods of ventricular ectopy or sino- 
trial arrest such as those reported by Desser and Benchi- 
10!! may clearly result in potentially lethal consequences 
nd would undoubtedly benefit from prophylactic pacing, 
re have noted no such complications in our experience and 
elieve this warrants further consideration. 

We have reviewed the data of 47 consecutive patients 
'ho underwent cardiac catheterization in order to demon- 
trate graft patency postoperatively. Of the 47 patients we 
ave excluded 14 because graft visualization was nonselec- 
ve, 2 because of occluded grafts and 2 who had received 
tropine before the study. The remaining group of 29 pa- 
ents is comparable in number to that of Desser and Ben- 
himol and was evaluated for the presence or absence of 
gnificant disturbances of conduction or rhythm during se- 
'ctive graft injections. The studies were performed an av- 
rage of 3 months postoperatively. A 1 percent solution of 
docaine was employed as local anesthesia. Eight patients 
ere studied by the Sones technique and the remainder 
ith use of the right Judkins catheter by way of the femo- 
il artery. Hypaque" 75 percent (3 to 6 cc) was given by 
and injection for coronary graft arteriography. The elec- 
'ocardiogram was monitored continuously on a Honeywell 
todel 1508-A Visirecorder, and recorded during and after 
ich injection on a strip chart recorder. The lead demon- 
rating the most definite atrial and ventricular complexes 
as selected for monitoring. Seven patients had an isolated 
‘aft to the right coronary artery and 9 an isolated graft to 
ie left anterior descending artery, 11 had double bypass 
'afts, 1 had a triple vessel bypass and another had four 
»ssels bypassed. A total of 40 patent grafts were studied 
ith an average of 3.5 injections per graft for a total of 145 
‘lective injections. 

There were only seven episodes of rhythm or conduction 
sturbance during these 145 injections (Table I), com- 
ired with 31 in 39 injections in the reported series. All 
ere brief and self-limited and were not believed to require 
ierapy. In two patients, two of six injections into the graft 
ithe left anterior descending artery resulted in an episode 
‘sinus arrest that was one beat in duration and resolved 
ithout treatment. In another patient, three of six injec- 
ons into the graft to the left anterior descending artery re- 
dted in an episode of apparent Mobitz type II block, also 
ily a single beat in duration. The remainder of the injec- 
ons in these patients produced no complication. In the 
urth patient, a single ventricular premature beat was 
ted during each of two injections into the right coronary 
terial graft. These beats were well off the T wave. No sig- 
ficant sinus bradycardia was noted. 

We are unable to explain the differences in experience 
'tween these two groups of patients. Desser and Benchi- 
ol do not present their method of administration of dye, 
aether by power or hand injection. As noted, we employ 


‘Views expressed are those of the authors and do not represent official Air Force 
cy. 


Occurrence of Conduction or Rhythm Distrubances During 
Aortocoronary Graft Angiography 
Nei as a i A ST SB ee TL 


Graft Site 
Arrhythmia RCA LAD Total 
E EEL PRES ado; "Ua Mr PEL FA eS FLA Leere eC 
Sinus bradycardia or arrest s 2 2 


Sinus bradycardia + ventric- 
ular premature beats 
Ventricular premature beats 
* sinus slowing, rate 
60/min 
Sinus bradycardia + A-V 
junctional escape rhythm 
Advanced A-V block re 3 3 
Sinus slowing and ventric- 
ular tachycardia 
Sinus bradycardia + ven- 
tricular tachycardia 
Ventricular premature beats 2 "od 2 
Total 2 5 7 
Se" RE NA eas Ss TES Be M Cos Pot Ao MEUM fo PR RYE OS any ns 


LAD = left anterior descending coronary artery; RCA = right cor- 
onary artery. 


hand injection and use somewhat less dye than used by 
them. It is conceivable that a larger bolus injection of dye 
may increase the anoxic period significantly and contribute 
to the greater incidence of rhythm and conduction distur- 
bances seen in their patients. We also considered the possi- 
bility that their patients had more severe obstruction of the 
nongrafted vessels, which might result in a higher frequen- 
cy of such complications due to the greater proportion of 
myocardial perfusion compromised during patent graft in- 
jection. However, we could find no such correlation in our 
patients. 

We would be greatly interested in the results of studies 
from other, larger groups of patients, in view of the rela- 
tively small size of both our group and that of the authors. 
In view of our own experience, however, it is not presently 
our practice to employ pacing routinely for catheterization 
studies of patients after saphenous vein bypass grafting. 

Ronald R. Hall, Major, USAF, MC 
A. Laird Bryson, Lt Col, USAF, MC 
Department of Cardiology 

David Grant USAF Medical Center 
Travis AFB, California 
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REPLY 


Descriptions of atrial pacing as a method for preventing 
certain untoward electrical and hemodynamic sequelae of 
both coronary! and aortocoronary graft bypass? angiogra- 
phy evoke more response than the original papers relating 
to the incidence of such arrhythmias during these proce- 


dures.?^ In January 1973 we described disturbances of rate, 
rhythm and conduction in 19 of 20 subjects undergoing by- 
pass graft opacification.* This latter paper did not result in 
even a single letter to the authors. On the other hand, sug- 
gestions that right heart pacing or a “standby” pacing cath- 
eter be utilized to prevent these effects appear to raise the 
concern of certain catheterization teams. Specific responses 
to the comments of Hall and Bryson are as follows: 

Our study group was composed of 30 consecutive 
subjects with patent grafts who underwent selective saphe- 
nous bypass angiography. Hall and Bryson excluded 14 of 
47 cases (30 percent) because of nonselective opacification. 
The absence of selective opacification in almost one third 
of subjects studied “in order to demonstrate graft patency” 
is, in our opinion, unacceptable. These figures do not lend 
support to the contention that the study groups were in 
fact comparable. 

We are not supplied with information regarding other 
types of premedication that may have influenced their re- 
sults. 

Our patients received 6 to 8 ml of Hypaque”, in contrast 
to the 3 to 6 ml utilized by Hall and Bryson. 

The statement “no significant sinus bradycardia was 
noted" is unclear. In our study any angiographically in- 
duced prolongation of the P-P interval to greater than 1 
second was classified as sinus bradycardia. 

We consider sinoatrial arrest and Mobitz type II atrio- 
ventricular (A-V) block as significant disturbances of cardi- 
ac rate and A-V conduction. 

Lesser volumes of contrast medium generally result in 
fewer cardiac arrhythmias during selective aortocoronary 
graft and coronary angiography. In addition, opacification 
of grafts supplying vascular segments distal to a complete 
or near-complete coronary arterial obstruction usually re- 
sults in greater electrocardiographic changes. 

We assume that Hall and Bryson are confining their def- 
inition of “conduction disturbance" to atrioventricular ab- 
normalities. Well described intraventricular conduction 
disturbances arising as a consequence of graft opacifica- 
tion* cannot be properly assessed by means of single elec- 
trocardiographic lead recording. 

Finally, experience in performing coronary and, recently, 
graft angiography in over 2,000 subjects with standby or 
routine pacing reveals catheterization-related mortality 
rates that perhaps are more favorable than those cited in 
reports. There has been a single death during this period. 
In 11 subjects, it is our belief that application of the pacing 
technique has prevented what otherwise might have been a 
potentially fatal result. 

Alberto Benchimol, MD, FACC 
Kenneth B. Desser, MD, FACC 
Good Samaritan Hospital 
Phoenix, Arizona 
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ATRIAL PACING DURING ANGIOGRAPHY—II 


Desser and Benchimol! recently recommended the use of 
atrial pacing to prevent a variety of adverse electrical (and 
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subsequently hemodynamic) abnormalities during selective _ 


aortocoronary bypass angiography. They specified that 
their patients did not receive atropine; no mention was 
made of premedication of any type. 
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Our experience during the last 10 years suggests that - 
several observations are in order: (1) The importance of — 
premedication with an anxiety-alleviating drug cannot be: 


overestimated, particularly in men. Initial slowing of the 


heart rate (that is, before injection of contrast material in a - 
coronary artery or its bypass) occurs commonly in men . 
(+25 percent) and very rarely in women (+1 percent). | 
Without premedication to relieve anxiety, the majority of . 
women patients (+65 percent) will have an increased heart — 
rate before injection of contrast material whereas approxi- . 
mately 25 percent of the men will have sinus bradycardia . 
(40 to 60 beats/min). For this reason, we routinely adminis- - 


ter a combination of morphine sulfate (1/6 gr) with atro- 
pine sulfate (1/150 gr) subcutaneously 20 minutes before 
the opacification of the coronary arteries or their bypass or 


dal - P 


both. (2) With the aforementioned premedication, only 3 . 


percent of the men have a heart rate below 50/min. If, in — 


these few men, the first injection of dye results in slowing © 


- 


of the heart rate below 30 beats/min for more than 2 sec- _ 


onds, we inject atropine sulfate (1/150 gr) intravenously 
and wait for 2 minutes before making the next injection. 


By using these simple measures, we have been able to | 


E 


prevent the development of marked sinus bradycardia or 


arrest whereas these complications occurred commonly in- 


patients without premedication. After 10 years, 5,000 selec- 
tive coronary cinearteriograms and 300 selective bypass 


cineangiograms, we are still waiting to see the appearance © 
of ventricular premature beats, advanced atrioventricular | 


(A-V) block or ventricular tachycardia after sinus slowing 


or sinus arrest as reported by the authors. We are unable to | 
state if this is due to the relief of anxiety by the premedica- - 
tion or to the use of a different contrast agent (Renografin® — 


60 or 75 as opposed to Hypaque®). 
In conclusion, we believe that sinus bradycardia or sinus 


arrest after injection of dye into a coronary artery or its by- — 


pass can usually be prevented by relieving the patient's 


anxiety with adequate premedication and, in the few in- 
stances where this is not sufficient, by the additional use of | 


a small dose of atropine intravenously. 
Martial A. Demany, MD 


| 


Henry A. Zimmerman, MD, FACO . 


Marie L. Coakley Laboratory 
St. Vincent Charity Hospital 
Cleveland, Ohio 
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REPLY | 
An absence of serious cardiac arrhythmias during the 


course of 5,000 selective coronary cinearteriograms and 300 . 
selective bypass graft angiograms performed by Demany - 


and Zimmerman attests to their skill and the value of pre- 
medication before these procedures. Our patients did not 


receive any premedication before diagnostic and postopera- - 
tive angiography. An effort to assess properly the influence - 


of bypass grafting on left ventricular function generally © 


precludes major pharmacologic intervention before cardiac 


catheterization. In the event that such study is not contem- | 


plated, either premedication or right atrial pacing suffices. 
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Further study will determine whether or not right atrial 
acing results in lower morbidity and fewer episodes of 
rentricular tachycardia at normal sinus rates during cathe- 
erization as compared with atropine administered before 
atheterization. 

Kenneth B. Desser, MD, FACC 
Alberto Benchimol, MD, FACC 
Good Samaritan Hospital 
Phoenix, Arizona 


THE FOURTH HEART SOUND—A NORMAL FINDING? 


n a series of publications over the past 3 years dealing with 
he fourth heart sound and coronary revascularization, 
Javid Spodick has been quite effective in exposing the 
emperor's new clothes."!-? In a recent article comparing 
he prevalence of the fourth heart sound (S4) in normal 
ubjects and hypertensive middle-aged men, he and his col- 
eagues demonstrated that a fourth heart sound could be 
ecorded in 70 percent of subjects in both groups. Spodick 
ias previously shown that older subjects, considered to be 
iormal, also have a prevalence rate of recordable fourth 
eart sounds of approximately 70 to 75 percent.?^ Experi- 
nced cardiologists have taken great exception to the 
neaning of these findings.9-? 

Wilbert Aronow and colleagues!?!! have also demon- 
trated that one can record a fourth heart sound in a signif- 
cant number of normal persons, although their incidence 
ate is far lower than that of Spodick's normal subjects. 
“hese studies have certainly done much to make all auscul- 
ators listen more carefully, and to try to document with 
reater objectivity what it is we are calling fourth heart 
ounds. It has been aptly emphasized that in the presence 
f palpable presystolic distension, one is very likely to be 
orrect in verifying an abnormal S,,?9!? and also that 
1any times the so-called S, is in reality splitting of the first 
eart sound.?.!? | 

The question of audibility versus recordability is cru- 
ial. This has been clearly stressed by Noble Fowler, Rob- 
rt Adolph and Morton Tavel.9-?:1^ There is little doubt 
aat low frequency vibrations of S4 can be recorded with 
igh quality microphones in most normal persons, as Spo- 
ick and others have demonstrated. Spodick!? has pre- 
iously shown that “blinded” observers hear S4's with the 
ime frequency that they are recorded but, of course, one 
annot tell whether his observers were really hearing a split 
i, and calling it an S4; there were more than 50 percent 
ilse positive responses in that study. In my experience, 
nd that of virtually every clinical cardiologist that I know, 
.is most unusual to hear a definite fourth heart sound in 
tiddle-aged or older persons who are apparently free from 
irdiac disease. We occasionally hear what we think is an 
4 in a "normal" subject, but nowhere near the reported in- 
dence rate of 70 to 75 percent.-^ Spodick deplores 
iatching one’s “experience” over “an appropriately de- 
gned study,” !° but serious questions have been raised 
vout the design of his “blinded” study.? 

Spodick himself has inadvertently weakened his position 
1 a recent study from his group demonstrating that chron- 
‘alcoholics have abnormal systolic time intervals, thus in- 
icating subclinical myocardial dysfunction.!9 That study, 
ı conjunction with several other recent investigations, /-1? 
early indicates that acute and chronic alcoholism is fre- 
uently associated with impaired myocardial function, 
ren when there are no symptoms or signs of cardiac dis- 
ase. In the study of Spodick et al.,!© 26 normal control 


subjects and 26 ambulatory chronic alcoholics clinically 
free from heart disease were carefully evaluated by systolic 
time intervals. The mean age in both groups was approxi- 
mately 45 years; thus many of these persons are in the same 
age group as in Spodick's recent publication.* 'The group of 
chronic alcoholics clearly had abnormal systolic time inter- 
vals, with prolonged preejection periods, and decreased left 
ventricular ejection times, highly suggestive of latent cardi- 
ac malfunction; apparently, however, normal fourth heart 
sounds or “atrial gallops” were not heard. “All subjects— 
both alcoholic patients and screening-clinic normal per- 
sons—were free of heart abnormality .... there were no 
murmurs or abnormal heart sounds... ." 16 Two of the au- 
thors, Spodick and Pigott, participated in the phonocardio- 
graphic studies in normal subjects,?5:1? and must have been 
well aware of the importance of listening for a fourth heart 
sound. 

The best explanation for the marked discrepancy in 
hearing an S4 in Spodick's two studies,!?!6 is that fourth 
heart sounds were simply inaudible in the study of alcohol- 
ics. Presumably, the middle-aged control subjects and alco- 
holics would have had a 70 to 75 percent incidence rate of 
fourth heart sounds recordable with specialized recording 
equipment. The high incidence rate of false positive S4’s 
(56 percent) in his “blinded” study!? makes it even more 
apparent that auscultator expectation and experience of 
the auscultator play a large but poorly defined role in this 
controversy. 

While the arguments are sure to continue, it is important 
to emphasize that auscultation of a definite atrial sound in 
a middle-aged or older person is not likely to be a normal 
event, in the experience of many practicing cardiolo- 
gists.5520?! On the contrary, there are considerable data to 
substantiate the view that an audible fourth heart sound is, 
in fact, an indication of decreased left ventricular compli- 
ance, if not a definite elevation of left ventricular diastolic 
pressure, !?.?!2? and is not simply a hallmark of aging. 

Jonathan Abrams 

Division of Cardiology 

The University of New Mexico 
School of Medicine 
Albuquerque, New Mexico 
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REPLY: THE FOURTH HEART SOUND: AN INADE- 
QUATELY INVESTIGATED SUBJECT 


'The S4 problem is a specific case of a more general ques- 
tion: unexamined acceptance of traditional wisdom. I am 
grateful to Abrams for the opportunity to continue the dia- 
logue on significance of fourth heart sounds. In citing our 
work, he has read widely but not always deeply. While ac- 
knowledging the validity of particular disagreements (espe- 
cially some paraphrasing Tavel!), I deplore the attempt to 
make certain points by selective citations, and by posing 
questions about our work that we ourselves have repeatedly 
raised. 

Abrams’ assertion that “many times the so-called S, is in 
reality splitting of the first heart sound" is a reasonable 
auscultatory generalization, but has he investigated this— 
that is, how many times? Moreover, he ignores the reverse 
possibility: How many times is a so-called split S; “in real- 
ity" an S4? How do we decide which is “‘in reality" which? 
Indeed, his reference 13 on this point does not support his 
reasoning since that reference was our report,? which con- 
cludes that “false audibility (of S4) was not related to the 
low-frequency component of S; or to split S;.” In fact, that 
was so precisely among our 56 percent of subjects with false 
positive results. This figure is only apparently a bad result, 
since it is a fraction of the small total without a recordable 
S4. It represents only 19 of 122 patients. Curiously, Abrams 
omits the 25 false negative results. Yet, the false positive 
results weakened our auscultators’ performance, possibly 
because of zealous belief in *S4"—the exact counterpart of 
supplying nonexistent “split S;" because of zeal for the tra- 
ditional belief. In this context, Abrams correctly cites “aus- 
cultator expectation.” But in the absence of investigations 
designed to minimize biases, this factor cuts two ways. For 
example, “auscultator expectation" held for many years 
that the second heart sounds were unitary events with “Ag” 
and “P»” on respective sides of the upper sternum. Genera- 
tions of physicians and voluminous studies reported them 
in this way. Now we hear and report S» as a binary event in 
terms of its splitting dynamics. We are listening to the 
same sound, but now we hear it differently. Similarly, the 
conventional wisdom regarding “split Sı” might also pro- 
vide a misleading “auscultatory expectation." To the ex- 
tent that our studies prove to be flawed, I will be equally 
guilty. 

Our studies have not yet provoked formal reinvestigation 
of S4. Although our phonocardiographic results by them- 
selves must be totally objective for the equipment used 
(that is, we recorded undeniable S,'s in normal subjects 
and patients), the crucial question of auscultation remains. 
Our auscultatory study, while electronically simplistic (and 
currently the subject of an improved protocol), utilized the 
only “scoring system” possible in clinical cardiology—the 
phonocardiogram. We recognize that it is impossible at 
present to determine exactly which vibrations are aüdible 
in a train of vibrations occurring within milliseconds of 
-each other, such as the S4 + S4, (o-a-b-c) complex,’ among 
which we usually hear only two discrete sounds. Intricate 
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questions of frequency-audibility thresholds, masking and 
reverse masking are involved. Moreover, the logarithmic re- 
sponse of the ear to pure audiometric tones may not have a 
direct counterpart in the vibratory complexities of actual 
heart sounds. These formidable obstacles confront us, but 
they confront our critics equally. We attempted to mini- 
mize them by elaborate blinding procedures—admittedly 
imperfect, but aimed at reducing those biases inherent in 
preliminary knowledge of patients' clinical data and preju- 
dices inherent in the traditional but unexamined concepts 
of S4. 


Abrams cites the work of Bethell and Nixon (his refer- _ 


ence 12) to substantiate the view that an audible S, is ipso 
facto abnormal. Curiously, he omits the same authors’ cita- . 
tion of work by us and others substantiating an age-related 
increased incidence of S4 and including their statement 
that “it may be a physiological event in many cases" ? (my 
emphasis). He further cites Fowler, Adolph and Tavel as 
stressing *the question of audibility versus recordability." 
He does not cite the very paper by us that precipitated his 
letter, which states: “Registration by phonocardiogram 
does not prove its audibility." Also not cited was our own 
extensive section raising caveats and questions about our 
own work (Abrams! reference 5), in which we declare: ““The 
audibility study served to raise more questions about cur- 
rent concepts of S4 than it answered .... We believe it has - 
not completely settled any of these issues .... It would be 
desirable to have confirmation or refutation by other con- 
trolled studies .... since the results of auscultation for a 
frequently subtle phenomenon remain highly subjective." ? 
Abrams states that I have “inadvertently weakened" my 
position on S4 in our report of preclinical cardiac malfunc- 
tion in apparently normal alcoholics.$ He deduces that, de- 
spite poor functional indexes in the alcoholics, “normal 
fourth heart sounds or atrial gallops were not heard" (his 
emphasis). He has no evidence for this. Actually they were 
disregarded. I have always considered abnormal any palpa- 
ble and subjectively loud S4.>457 In the alcoholic study any 
subjectively loud atrial sounds thus had to be excluded. In- 


deed, since our S4 studies point to the mere presence of S4 - 


as possibly physiologic, the question could not properly 
arise either by auscultation or by phonocardiography. It 
could only have arisen if we shared the traditional view of 
S4. Moreover, since we cannot yet tell the pathologic from 
the nonpathologic, we could not consider any recorded S4. — 
Thus we did maintain fidelity to our S4 results, and it is 
Abrams who falls victim to his own view. Finally, this was a 
systolic interval study and here Abrams also overlooked 
Table I of our auscultatory study,? which showed a group 
trend toward better values for systolic intervals in all those 
with S4 by phonocardiogram. 


In conclusion, let me acknowledge again that our investi- 


gations have been at best imperfect and at worst invalid. 
But we tackled the S4 problem by attempting to minimize 
subjective and objective bias. Examination of our illustra- 
tions?*^ will show that the phonocardiographic prevalence 


of S4 cannot be denied—at least using Maas and Weber fil- - | 


ters (discussed elsewhere®). Our results with Hewlett-Pack- 
ard filters do conform more closely to those of most others.? 
Which phonocardiographic result is right"? Which auscul- 
tatory result is “right”? This remains a problem in observer 
performance. In a meticulous investigation, observer per- 
formance among experienced auscultators varied aston- 
ishingly when they were “blinded” to everything else about 
the patient.? Who among them was "right"? The problem 
must be dealt with by appropriately designed studies. 
Evaluation of S4 is more complex than the recently cor- 
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rected traditional concept of S; and its components, but it 
is best to approach each question in search of Truth rather 
than to attempt to reconfirm Established Belief. (Much 
early phonocardiographic equipment was designed to do 
just that.) Goethe observed: “What we know, we see," and 
Will Rogers provided the corollary: “It isn't what we know 
that causes trouble, it's what we know that ain't so." 
Addendum: Since this letter was submitted, Tavel has 
reported a phonocardiographic prevalence of S4 in patients 
over 40 identical to ours in the paper criticized by Abrams: 
"Fourth heart sounds were recorded in 71 percent (11 of 
14) of normal controls" (catheterized to compare with pa- 
tients with aortic stenosis, 85 percent of whom had S4) 
(Tavel et al: Circulation 50: Suppl III: 247, 1974). 
David H. Spodick, MD, FACC 
Department of Medicine 
Tufts University School of Medicine 
Cardiology Division 
Lemuel Shattuck Hospital 
Boston, Massachusetts 
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AMIODARONE HYDROCHLORIDE 


In answer to several inquiries concerning our article,! ami- 
odarone hydrochloride was originally developed by S. A. 
Labaz N.V. from Brussels, Belgium. In Argentina, the drug 
is manufactured under the name Atlansil by Laboratorios 
Roemmers S.A., Buenos Aires, Argentina. 
Mauricio B. Rosenbaum, MD 
Service of Cardiology 
Ramos Mejía Hospital 
Rivadavia 3820, P.B., A 
Buenos Aires, Argentina 
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P-R INTERVAL IN BIFASCICULAR BLOCK 


Levites and Haft! have concluded that the P-R interval is 
probably of some help clinically in separating normal from 
abnormal intraventricular conduction time in patients with 
right bundle branch block and left axis deviation; that it is 
not useful as an indicator in patients with left bundle 
branch block or right bundle branch block with right axis 
deviation; and that His bundle electrography is necessary 
in this latter group to detect H-V prolongation. 

However, they have failed to emphasize the most obvious 
conclusion in their observations of the P-R interval with bi- 
fascicular block; that is, the length of the P-R interval ac- 
curately differentiates between normal and abnormal atrio- 
ventricular (A-V) nodal conduction time. In their 41 cases 


with a P-R interval of 200 msec or less, the A-H interval 
was normal (less than 130 msec) in 40. In their 22 cases 
with a P-R interval of 210 msec or greater, the A-H interval 
was abnormal (greater than 130 msec) in 20. 

Thus, the P-R interval can be used as a valid indicator of 
the conduction time in the A-V node, but is probably of lit- 
tle value in predicting normal or abnormal intraventricular 
conduction time in patients with bifascicular block. His 
bundle electrography is essential for this measurement. 


Paul R. Lightfoot, MD 
Department of Internal Medicine 
Kaiser Foundation Hospital 
Fontana, California 
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PREDICTIVE VALUE OF LABORATORY TESTS 


'The precise use of terms is essential if we are to communi- 
cate effectively within and between scientific disciplines. 
Two of the most commonly confused terms in medicine 
today are sensitivity and specificity. It is regrettable that 
Schweitzer et al! used these terms incorrectly. Shown is 
their Table I defining these terms followed by a table with 
the correct definitions. 

Sensitivity, specificity, predictive value and efficiency 
define the accuracy of a laboratory test. Sensitivity indi- 
cates the frequency of positive test results in patients with 
a particular disease, whereas specificity indicates the fre- 
quency of negative test results in patients without that dis- 
ease. The predictive value of a positive test result indicates 
the percent of patients with disease among all patients with 
positive test results. The predictive value of a negative test 
result indicates the percent of patients without disease 
among all patients with negative test results. The efficiency 
of a test indicates the percent of patients correctly classi- 
fied (as having or not having disease) by the test (Table II). 
False positive results are therefore calculated as 100 per- 
cent — predictive value of the positive test. If a test has a 
predictive value (positive) of 90 percent, then 90 percent of 
the positive results are true positive results and 10 percent 
are false positive results. 

In diagnosis we are most interested in the predictive 
value of the positive result. These are patients who are pre- 
sumed to have a particular disease and undergo further di- 


TABLE | 


Sensitivity and Specificity of Exercise Criteria 


Results of Coronary Angiography 


Results of 
Exercise Test CAD NCAD 
Positive A B 
Negative C D 
Sensitivity of exercise criterion = A/(A + C) expressed as 
percent. 
Specificity of exercise criterion = A/(A + B) expressed as 
percent. 


Thus, false positive results = 100 — specificity; false negative 
results - 100 — sensitivity. 


Reproduced from Schweitzer et al.' 
CAD = coronary artery disease; NCAD = no or insignificant coro- 
nary artery disease. 


agnostic tests. Of this group, those patients who do not 
have the disease will be defined as false positives. In the 
discussion that follows, predictive value will be used to 
refer to the predictive value of the positive test result. A 
marked change in predictive value occurs when there is a 
change in the prevalence of the disease in the population 
under study. For example, we could know from a test’s sen- 
sitivity and specificity that it was positive in 95 percent of 
patients with a disease and negative in 95 percent of pa- 
tients without a disease. Table III shows the change in pre- 
dictive value that occurs for this test with changing preva- 
lence of disease. It can readily be seen that a particular test 
has an increased predictive value when the disease occurs 
with a greater prevalence. This explains why a good diag- 
nostic test frequently fails as a screening test, when the de- 
crease in prevalence is quite marked. When clinical judg- 
ment is used in ordering laboratory tests, the patient sus- 
pected of having a particular disease is placed in a new 
population with a high rate of prevalence or probability of 
disease. Therefore the test performs much better. 

Figure 1 illustrates how sensitivity and specificity are al- 
tered by the selection of an upper limit of normal for a par- 


TABLE II 


True Diagnosis 


Test Result With Disease Without Disease Total 
Positive A B A+B 
Negative C D C+D 
Total A+.C B+D A+B+C+D 


Sensitivity (positive test results in patients with a particular 


disease) = X 100 expressed as percent. 





C) 


Specificity (negative test results in patients who do not have a 





particular disease) = X 100 expressed as percent. 


D) 
Predictive value of a positive test (percent of patients with posi- 
tive test results who have a disease) = A/(A + B) X 100. 


Predictive value of a negative test (percent of patients with 
negative test results who do not have a disease) = D/(C + D) X 
100. 

Efficiency of test (percent of patients correctly classified as 

A+D 
having or not having a disease) = ———————— X 100. 
A+B+C+D 


A = true positive, the number of patients with a disease correctly 
classified by the test; B = false positive, the number of patients who 
do not have a disease misclassified by the test; C = false negative, the 
number of patients with a disease misclassified by the test; D = true 
negative, the number of patients who do not have a disease correctly 
classified by the test. 


TABLE III 


Predictive Value as a Function of Disease Prevalence* 





Prevalence of Disease Predictive Value 





(%) (%) 
1 16.1 
2 27.9 
5 50.0 
10 67.9 
15 77.0 
20 82.6 
25 86.4 
50 95.0 





* For laboratory test with 95 percent sensitivity and 95 percent 
specificity. 
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ticular test. If patients admitted to the coronary care unit — 
with the diagnosis “rule out myocardial infarction" were  . 


divided into those with and those without myocardial in- 
farction on the basis of history and electrocardiographic 
findings and then if the enzyme results for each group were 
expressed as a frequency distribution, the classic overlap- 
ping distributions seen in Figure 1 would be seen. It is im- 
possible to select a cutoff point for enzyme activity that 
would afford complete discrimination between the two 


groups. At any cutoff point, one must sacrifice sensitivity 


for specificity and vice versa. Herein lies the major flaw of 
laboratory diagnosis: The tests are not sensitive and specif- 
ic at the same time. Muliple laboratory tests improve the 
predictive value somewhat, but the trade-off between sen- 
sitivity and specificity always remains. If we wanted to se- 
lect a cutoff point for the test illustrated in Figure 1, any 
point in the overlapping region would do. Table IV. lists 


several cutoff points with the sensitivity, specificity and 


predictive value associated with each. 


Rather than use the term cutoff point or upper limit of  - 


normal, we refer to this point of reference as the referent 


value. For any laboratory test studied in any disease, the | 


predictive value of the test in diagnosing the disease can be 
calculated at any referent value. 

This model? is clearly not restricted to laboratory katina 
although it has been applied extensively in clinical pathol- 
ogy.®-8 It is applicable in radiology and cardiology as well. 
In fact, applications in cardiology using this model and the 


no no W 
o on o 


PERCENT OF TOTAL CASES 
o 





60 80 100 120 140 !60 180 
ENZYME TEST, units 


O 20 40 


FIGURE 1. Prevalence of myocardial infarction is 50 percent. Mean enzyme activity ina — 
patient with a myocardial infarction (MI) is 97 units. Mean enzyme activity in a patient - 


who has not had a myocardial infarction (non-MI) is 27 units. Upper limit of normal is 20; 
sensitivity is 100 percent, specificity is 60 percent. Upper limit of normal is 100; sensitiv- 
ity is 50 percent, specificity is 100 percent. 


TABLE IV 
Enzyme Test 
Referent Value Sensitivity Specificity Predictive Value 
(cutoff point) (96) (96) (26) 
20 100 60 71.4 
40 95 75 79.2 
60 85 85 85.0 
80 70 95 93.3 
100 50 100 100.0 


Disease prevalence = 50 percent. 
Referent values and associated Bredictivé values for this test are il- 
lustrated in Figure 1. 
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definitions reviewed in this letter have already been re- 


ported.90 — 4 


Robert S. Galen, MD, MPH 
-Clinical Chemistry Director 
. Francis Delafield Hospital Division 
College of Physicians & Surgeons of Columbia University 
: New York, New York 
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J POINT DEPRESSION IN THE 
EXERCISE ELECTROCARDIOGRAM 


. The correlative method of presentation in the article by 
. Kattus! surely must be viewed as excellent teaching. Those 
. of us in exercise physiology are indebted to Dr. Kattus for 


- his leadership in this field. However, I must quibble with 
his lack of true scientific approach to the problem of J 


- point depression, which he stated is “often a stage in the 
— development of the ischemic response." This is a classic ex- 
- ample of the “post-hoc” fallacy. 

—— I would have appreciated his stating that this is his bias 
on what may turn out to be a clinical fact but is not yet 


^ 


- firmly established. However, his statement on the signifi- 


cance of J point depression with no qualification other than 


_ “often” now exists in the literature. While this kind of prej- 
-~ udicial statement could be entirely true, the statistically 


significant evidence was not quoted and is lacking as far as 


- I am aware.” Kattus' statement will be quoted henceforth 
- and without the *often." Patients will be found to have cor- 

. onary disease on the basis of a normal upsloping J point de- 
-~ pression when indeed they have no coronary disease at all. 


Figures of such stature as Kattus must be careful to 
make clear when they are moving from verified scientific 


. data into the realm of impressions. Obviously it is my bias 
— that J point depression may be and usually is entirely nor- 


AM 


mal and that as yet there are no well accepted statistically 


valid criteria to differentiate normal from abnormal J point 


. depression. I would appreciate anything Dr. Kattus has to 


_ offer concerning these criteria as well as clarification of his 


Statement. 
H. Robert Silverstein, MD 
Division of Cardiology 
St. Francis Hospital 
n Hartford, Connecticut 
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REPLY 


In reply to Dr. Silverstein’s scolding about not being scien- 
tific enough in my comments about the significance of J 
point depression in the exercise electrocardiogram, the ar- 
ticle was not meant to be a rigorously designed scientific 
treatise, but rather an essay in which I sought to share ex- 
perience with the reader. I tried to point out simply that 
the appearance of J point depression cannot always be 
taken as an innocent finding. At times it is the only detect- 
able electrocardiographic change during true anginal pain. 

I readily accept that this change is frequently encoun- 
tered in normal, healthy and well conditioned persons. I 
don’t know how to distinguish the innocent J point depres- 
sion from the bad except to look for corroborative evidence 
of myocardial ischemia such as chest pain or abnormal cor- 
onary angiographic findings. I indicated that we are trying 
to devise a test to see if administration of nitroglycerin will 
selectively reverse the J point depression of true ischemia 
and perhaps help to differentiate the innocent from the 
bad. We, too, would like to know how to be sure about this 
point. 

Albert A. Kattus, MD 

Professor of Medicine 

The Center for the Health Sciences 
University of California 

Los Angeles, California 


EARLY HOSPITAL DISCHARGE AFTER MYOCARDIAL 
INFARCTION 


In their study of early mobilization after myocardial infarc- 
tion Bloch et al.! referred to a paper by us? pertaining to 
early discharge after acute myocardial infarction: “How- 
ever, since only 15 percent of the patients hospitalized for 
infarction were admitted to their study, the applicability of 
their conclusions is severely limited." We should like to 
take exception to this statement and make the following 
comments. | 

Although it is true that only 15 percent of the 925 con- 
secutive patients with definite myocardial infarction 
screened by us were admitted to the study, the absolute 
number of patients in both series is similar (138 in ours, 
154 in theirs). The reasons for exclusion in our study 
should be examined more carefully. Twelve percent died 
before assessment for randomization; an additional 18 per- 
cent with pump failure on the 5th hospital day and 8 per- 
cent with heart block reflect the somewhat skewed nature 
of patients with myocardial infarction referred to our insti- 
tution because of our particular interest in the treatment of 
pump failure. A further 8 percent were excluded because of 
complicating medical illness necessitating a longer stay, 
and 7 percent were rejected for “social” reasons. Thus 
there is good reason to believe that many more patients 
would be eligible in most hospitals where more “typical” 
cases of myocardial infarction are seen. 

We studied the problem of early discharge as well as 
early mobilization by randomly assigning our patients to 
two groups, one discharged at 2 weeks and the other at 3 
weeks, and found no difference in subsequent outcome be- 
tween the two groups. The average length of stay of the 
early mobilization group of Bloch et al., 21.3 days, corre- 
sponds to that of the “long stay" group in our study. © 

The point is that most patients with uncomplicated 
acute myocardial infarction are candidates not only for 
early mobilization, but also for early discharge. Most can be 
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discharged at 2 weeks, and there is little justification for 
_ keeping them longer than 3 weeks. 
The importance of both our paper and that of Bloch et 
- al. is that, despite the fact that several studies of early mo- 
bilization and discharge have been reported, these are the 
only two that are truly randomized. 
Roman W. DeSanctis, MD, FACC 
Adolph M. Hutter, Jr., MD, FACC 
Massachusetts General Hospital 
Boston, Massachusetts 
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REPLY 


The study by Hutter et al. is an important randomized 
study. Our comment about their report was directed at the 
low proportion of all cases with acute myocardial infarction 
included (15 vs. 75 percent in our study). 

The mortality rate before randomization was about the 
same in the two series. In our study, patients were not ex- 
cluded because of medical illness necessitating a longer 
stay, thus lengthening somewhat the average hospital stay 
of the early mobilization group. The principal difference in 
the material of the two studies is the percentage of patients 
excluded because of complicated myocardial infarction (50 
percent in the Hutter study vs. 15 percent in our study). 
This difference is partly related to the skewed nature of pa- 
tients referred to the cardiac unit of the Massachusetts 
General Hospital, and partly due to the fact that the Gene- 
va definition of uncomplicated infarction was far less re- 
strictive. In addition, in Hutter’s study patients were ran- 
domly assigned into groups on the 6th hospital day, after 
exclusion of patients with ventricular fibrillation, ventricu- 
lar tachycardia, asystole, second degree heart block or com- 
plete heart block; persistence of more than five ventricular 
premature beats per minute, multifocal ventricular prema- 
ture beats or paired ventricular premature beats into the 
5th day; continued requirement of any antiarrhythmic 
therapy into the 5th day; persistence of any evidence of 
congestive heart failure into the 5th day; any hypotension 

requiring vasopressor agents; definite thromboembolic 
complications during the first 5 days; coronary pain per- 
sisting into the 5th day; occurrence of any acute episodes of 
infarction within the preceding 6 months. In contrast, in 
our study patients were randomly assigned into groups 24 
to 48 hours after admission, and the only causes of exclu- 
sion were severe heart failure, cardiogenic shock, severe 
rhythm disturbances, severe thoracic pain or severe psy- 
chological problems. 

The study of Hutter et al. showed the benefit of early 
mobilization and early discharge after uncomplicated myo- 
cardial infarction. We demonstrated that this practice can 
be applied to the majority of patients admitted for myocar- 
dial infarction in a nonreferral general hospital. 

Finally, we suspect that both of our reports overempha- 
sized somewhat the absence of statistically significant dif- 
ferences. However, due to relatively small sample size and 
number of events, the statistical power was not sufficient to 
establish that there were absolutely no differences. But the 
thrust of these two truly randomized studies is that well- 
planned early mobilization is now unequivocally demon- 
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strated to accomplish considerable benefits without exces- 2 
sive risks. x 
Antoine Bloch, MD A 

Hôpital Cantonal i 

Geneva, Switzerland A 

Massachusetts General rra 25 

Boston, Massachusetts > 

Henry Blackburn, MD, FACC x 

University of Minnesota ^| 
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METHYLPREDNISOLONE IN ACUTE MYOCARDIAL E. 
INFARCTION | 25 


The study by Vyden et al.! requires some clarification. It : 
appears from the experimental protocol that the authors ; 
are treating not simple acute myocardial infarction, but | : 
cardiogenic shock (systolic blood pressure below 80 mm. i 
Hg, sustained for 30 minutes).? In their preparation, mean - 
systemic vascular resistance was increased concomitantly : 3 
with the drop in cardiac index. In this condition, it has lòng 
been known that glucocorticosteroids reduce peripheral va- . 
soconstriction, thereby increasing the stroke volume of the - a 
left ventricle.?4 | 
In myocardial infarction without shock, NUN 
lone has not produced any hemodynamic changes. 5 Thus, - 
the beneficial effect of glucocorticosteroids in acute myo- . 
cardial infarction must be advocated on a basis other than - 
hemodynamic, and the beneficial hemodynamic effects — ; 
seen in these experiments probably cannot be extrapolated. : 
to the human situation for the reasons the authors them- . 
selves enumerate. 2 
Mario Feola, MD, FACC 
Department of Surgery — . 
Jefferson Medical College — y 
Philadelphia, Pennsylvania 
zig "9 
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Feola states that “mean systemic vascular resistance vil 4 
increased concomitantly with the drop in cardiac index” d 
when acute myocardial infarction was produced in our T 
preparation and draws certain conclusions from this. How- — 
ever, mean systemic vascular resistance was not significant- 4 
ly increased with the production of infarction, changing 4 
from 5.71 + 0.46 to 6.88 + 0.76 (t = 1.41), and thus the con- * 
clusions drawn are not valid. 3 
Most clinicians treating acute myocardial fartin 
would agree cardiogenic shock is accompanied by a marked . 
fall in stroke work index coupled with a significant increase | 3 
to abnormal levels in left ventricular end-diastolic pres- . 
sure. However, in our preparation there was no change in : 
left ventricular end-diastolic pressure of any significance - 


ETTERS TO THE EDITOR 


ind therefore the criteria of true cardiogenic shock were 


robably not met. However, the degree of acute myocardial 
nfarction induced was severe, as shown by the fall in 
troke work index. 

Our findings agree with the study paianed by Spath et 
l. in that at 30 minutes (the only period of time at which 
he two studies can be compared) methylprednisolone sodi- 
im succinate has no effect on total systemic vascular resis- 
ance and no systemic vasodilatation has occurred. In our 
tudy we examined each of the regional circulations, a 
tudy not performed by Spath et al., and found that the 
oronary circulation (which received only a small propor- 
ion of total cardiac output and is therefore not likely to be 
ccurately reflected in total systemic hemodynamic mea- 
urements) improves, as seen by the increase in mean coro- 
ary vascular blood flow, the drop in mean coronary vascu- 
ar resistance and the narrowing of the arteriovenous (A-V) 
xygen difference across the coronary bed (see Fig. 7 and 
"able I in our study). 

In a more recent study, Masters et al.! concluded that 
aethylprednisolone sodium succinate appears to improve 
ollateral blood flow into the infarcted area with a signifi- 
ant improvement in metabolism, thus supporting some of 
ur results. However, we agree with Feola that corticoste- 
oids probably benefit the infarcted heart from other 
aechanisms, in addition to any hemodynamic benefit, as 
tated in our study. 

John K. Vyden, MB 

Department of Cardiology 

Cedars-Sinai Medical Center 

Los Angeles, California 
leference 


. Masters TN, Hanbold ND, Hall DG: Beneficial effects of methylprednisolone sodium 
succinate (MPSS) with acute myocardial infarction. Circulation 50:Suppl Ill:Ill- 1 19, 
1974 


POLARIZING SOLUTIONS 


Ve have emphasized several times that polarizing treat- 
ient is not the same as infusion of glucose-potassium-insu- 
n solution.'? If this solution is not properly given it will 
ave a depolarizing effect during diastole instead of repo- 
rizing the muscle fibers, which is the first step in polariz- 
ig treatment. The report of Gould et al.? is an example of 
rhat should not be done to improve cardiac metabolism. 

Evidently the authors have not grasped the concept of 
olarizing treatment and it is suggested they study our 
ook* wherein polarizing treatment is defined. They must 
now that infusing the polarizing solution in 10 minutes (in 
ome cases in 8 minutes) will increase interstitial potassium 
Ke*), consequently decreasing the ratio Ki*/Ke*, that is, 
acrease conduction delay and depolarization of the cell 
instead of polarization). They looked for a good polarizing 
ffect in 10 minutes, but days, weeks and even months are 
eeded to obtain a permanent polarizing effect.? 

The authors used a different technique from that we 
ave recommended to effect polarization in patients.!? 
lave they performed experiments in animals to demon- 
trate the benefit of the solution they administered to their 


patients, as we did for many years to demonstrate that our 
technique was beneficial and safe for use in man? 
Gould et al. are undoubtedly delaying the benefits that 


J cardiac patients can obtain? from polarizing treatment with 


use of the technique we have recommended. 
Demetrio Sodi-Pallares, MD 
Department of Electrocardiography 
Instituto Nacional de Cardiologia de México 
Mexico City, Mexico 
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REPLY 


We are well aware that various workers have used different 
concentrations and various time periods in administering 
the polarizing solutions. This may lead to different clinical 
results. However, it was not our intention to duplicate the 
exact schedule suggested by Sodi-Pallares et al. We demon- 
strated that potassium administration can impair conduc- 
tion through the atrioventricular (A-V) node. Further 
greater quantities of potassium can produce delays in the 
His-Purkinje system, as reflected by a prolongation of the 
H-Q interval.! Thus potassium, either in the polarizing so- 
lution or administered by itself, can be potentially hazard- 
ous. Ettinger et al.? have recently infused potassium in 30 
dogs while performing serial His bundle electrograms. 
They also observed that the sequential changes included 
A-V junctional delays and block, followed by acceleration 
of junctional pacemakers and conduction delays in the ven- 
tricular specialized tissue and ventricular muscle. 

Perhaps glucose and insulin without potassium protect 
the jeopardized myocardium without producing conduction 
delays. This possibility is certainly worthy of further inves- 
tigation. Maroko et al.? have shown that even glucose solu- 
tions can exert a protective effect against myocardial isch- 
emia in the presence of experimental coronary occlusion. 

It was not our desire to destroy the concept of the polar- 
izing solutions. However, as additional information be- 
comes available, modification of the concept may be desir- 
able. | 

Lawrence Gould, MD 
C. V. R. Reddy, MD 
Cardiology Division 
The Methodist Hospital 
Brooklyn, N. Y. 
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CARDIOGENIC SHOCK, MECHANISM AND MANAGEMENT 
3y Richard J. Kones, MD, Mt. Kisco, New York, Futura Pub- 
ishing, 1974, 386 pages 


Despite careful monitoring and pharmacologic manage- 
ment, the high mortality rate of cardiogenic shock has con- 
‘inued to plague the practicing physician. Even with close 
supervision, its insidious onset is often overlooked. Previ- 
yus reviews have shown that management of cardiogenic 
shock has frequently been rather stereotyped and often in- 
adequate. Dr. Kones has written a comprehensive mono- 
rraph on a timely subject that requires careful reading. The 
‘ext commences with a detailed analysis of the pathophysi- 
jlogy of cardiogenic shock. An extensive bibliography, 
which characterizes much of the text, freely draws on the 
wide experience of many researchers in the field without 
leopardizing continuity of thought. The diagrams are clear 
ind easily understood. After chapters on myocardial me- 
shanics and myocardial oxygen consumption, the second 
aalf of the text concerns the management of cardiogenic 
shock. Each step in the clinical approach to the problem is 
backed by scientific physiologic data. The well known inad- 
»quacy of the central venous pressure, the attributes of the 
Swan-Ganz catheter and the less well known limitation of 
the pulmonary wedge pressure as measures of left ventricu- 
lar end-diastolic pressure are succinctly analyzed. The 
chapter on catecholamines and cyclic adenosine monophos- 
phate includes an up-to-date analysis of dopamine and is 
as complete as any pharmacologic text. Separate chapters 
on corticosteroids, digitalis and glucagon are followed by 
chapters on devices for mechanical circulatory assistance. 
An unbiased and scientific attitude prevails without use of 
personal anecdotes. Some recent therapeutic measures, in- 
cluding nitroprusside combined with mechanical assistance 
to combine a reduced afterload with diastolic augmenta- 
tion, are unfortunately omitted. Despite the newer drugs 
and gadgetry that may soon appear on the horizon, this 
text will still remain an excellent reference for under- 
standing the basic concepts essential for successful man- 
agement of cardiogenic shock. As noted by Dr. Alfred Sof- 


fer in the foreword, Dr. Kones has demonstrated a pro- 
found gift for describing in depth fundamental areas of car- 
diovascular function and disease. 
Mark G. Cohen, MD, FACC 
Wilmington, Delaware 


PROGRESS IN CARDIOLOGY, edited by Paul N. Yu and 
John F. Goodwin. Philadelphia, Lea & Febiger, 1974, 349 
pages, $17.50 


The third volume of Progress in Cardiology maintains the 
same standard of excellence established by the preceding 
volumes. Each of its 12 chapters is an essay on a timely 
topic in cardiology by an internationally renowned authori- 
ty. The topics are thoroughly reviewed and excellently 
written. Although there are stylistic variations from chap- 
ter to chapter, they are not distracting and give the book its 
personality. 

Although I enjoyed the whole book, several chapters are 
noteworthy: Henry Blackburn's review of the epidemiology 
of coronary heart disease provides a critical evaluation of 
risk factors written with wit and whimsy. Thomas James' 
review of cardiac electrical impulse conduction is extraordi- 
narily thorough and contains an excellent bibliography. 
Leo Schamroth's presentation of a unified concept of ven- 
tricular arrhythmias is very provocative. Doctors Shah and 
Gramiak provide an excellent, well illustrated review of the 
clinical uses of echocardiography. 

Other topics discussed include exercise cardiology, early 
phase of acute myocardial infarction, the role of renin-angi- 
otensin in the pathogenesis of hypertension, the Eisenmen- 
ger syndrome, evaluation of drugs affecting the heart, cur- 
rent aspects of valve replacement, therapy for prevention 
of thrombosis and measurement of lung water. This is an 
excellent reference book that every internist and cardiolo- 
gist will want to read and read again. It is highly recom- 
mended. 

Marvin |. Dunn, MD, FACC 
Kansas City, Kansas 


. THE HEART, edited by J. Edwards, M. Lev and M. R. Abell. 
Baltimore, Williams & Wilkins, 1974, 357 pages, $21.50 

The Heart comprises 17 chapters, each corresponding to a 
lecture given as a part of the Long Course of the 62nd An- 
nual Meeting of the United States— Canadian Division of 
the International Academy of Pathology that was entitled 
The Pathophysiology and Anatomy of the Heart. This mul- 
tiple author review contains several comprehensive and ele- 
gantly written sections, and a larger number of chapters 
that are too brief and superficial to cover their subject mat- 
ter adequately. The chapter on aortic valve disease is high- 
ly recommended to both clinicians and pathologists for its 
detailed and well organized clinical-anatomic correlations. 
In comparison, the preceding chapter on acute and chronic 
atrioventricular valve disease contains fewer details and is 
less informative. 

Some chapters include clinical-anatomic correlations 
whereas others are limited solely to anatomy or pathology. 
The author of the chapter on cyanotic congenital heart dis- 
ease specifically states that his presentation is oversimpli- 
fied and directed to pathologists. The chapter on left to 
right shunts, although lucidly written, is excessively brief 
and limited almost exclusively to considerations of cardiac 
anatomy. In contrast, the chapter on pulmonary hyperten- 
sion reviews clearly, and in adequate detail, normal and ab- 
normal pulmonary vascular anatomy and pathophysiology. 
The chapter on anomalies of the aortic arch system is writ- 
ten succinctly with clear and instructive diagrams and pho- 
tographs of post-mortem specimens. 3 

In summary, my concern is not solely that this book con- 
tains a paucity of clinical and anatomic integration, but 
also that several chapters are too limited in scope or detail 
to make the book a valuable reference. 

George K. Massing, MD 
Birmingham, Alabama 


TREATMENT OF CARDIAC EMERGENCIES, edited by Em- 
anuel Goldberger, MD. St. Louis, CV Mosby, 1974, 353 
pages, $14.00 


This soft-cover text on cardiac emergencies and their diag- 
nosis and management covers the spectrum of arrhythmias, 
cardiac arrest and shock, acute pulmonary edema, hyper- 
tensive crisis and syncope. A separate chapter on acute dis- 
secting aneurysms of the aorta by Myron Wheat, Jr. is the 
only section not written by Goldberger. 

Part II discusses the cardiac emergency equipment that 
is used in pacing, defibrillation and cardioversion and the 
various monitoring devices. The final section discusses, in 
logical alphabetic order, the drugs used for cardiac emer- 
gencies, their indications, toxicity and interaction. 

The obvious intent of the book is to provide a pragmatic 
approach to cardiac emergencies rather than a comprehen- 
sive treatise on the pathophysiology or differential diagno- 
sis of the acute cardiac conditions. Although Goldberger’s 
personal clinical judgments permeate every chapter, his ob- 
servations and conclusions are corroborated by excellent 
recent references. 


BOOK REVIEWS . 


The section on myocardial infarction includes a descrip- 
tion of electrocardiographic localization of infarction pat- — 
terns that appeared to be outside the sphere of this text 
and superfluous. di 

The chapter on the surgical management of aortic dissec- 
tion, succinctly treated by Wheat, stands isolated in the 
coverage of surgical cardiac emergencies. Apparently, other 
acute surgical problems such as emergency coronary by- . 
pass, aortic bacterial endocarditis with congestive failure 
and papillary muscle rupture were not considered appro- 
priate for inclusion. | 

The section on demand pacing and methodology is excel- 
lent, although a description of pacemaker-induced tachyar- 
rhythmias with illustrations would have been a welcome ~ 
addition. Although implying its limitations, the chapter on — 
cardiogenic shock places excessive emphasis on central ve- 
nous pressure monitoring, whereas the established value of | 
pulmonary arterial wedge and end-diastolic pressures is - 
given limited space in small print. Although this was an ad- 
mirable intent to be concise, it appeared as an editorial af- 
terthought. 

The book is ideally suited and recommended as an easy 
reference for the resident, general physician and internist, 
as well as personnel in any emergency or intensive care 
unit. The clinical cardiologist may find it well suited for or- 
ganizing his lectures to students and residents. 

Mark G. Cohen, MD, FACC 
Wilmington, Delaware 


VASCULAR DISORDERS OF THE EXTREMITIES, second 
edition, by David I. Abramson, MD. Hagerstown, Maryland, 
Harper & Row, 1974, 898 pages, $42.50 


In the nearly 20 years since the first edition of this text was 
published, many advances have been made in the diagnosis 
and management of peripheral disorders, and the current 
edition updates these features in a very commendable man- 
ner. 

The text is divided into five major sections discussing - 
the differential diagnosis of signs and symptoms of vascu- 
lar disorders in the extremities, specific disorders affecting 
the arterial system, primary disorders of the venous sys- 
tem, injuries to the vascular system and a miscellaneous 
section including disorders of the lymphatics and vascular 
anomalies. The coverage of these subjects is quite thor- 
ough, the illustrations are thoughtfully selected and well 
reproduced. 

The author joins those who regard thromboangiitis obli- 
terans (Buerger's disease) as a specific clinical entity and 
places appropriate emphasis upon the histopathologic fea- 
tures of the disorder. The bibliographies at the end of each 
chapter are well selected and updated to include the most 
recent contributions in the field. 3 

This extensive work on peripheral vascular disease is 
quite thorough, easily read and authoritative. It can be rec- 
ommended to all as a reference source for vascular disor- 
ders of the extremities. 

David C. Sabiston, Jr., MD, FACC 
Durham, North Carolina 
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Calendar of Continuing Medical Education Programs 


The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the pro- 
grams are pertinent to direct care of pa- 
tients with heart disease. The need for such 
programs increases with the ever increasing 
amount of scientific and clinical data, the 
constant changes in technology and meth- 
odology; and the greater availability of thera- 
peutic options. Today most cardiologists, in- 
ternists and family practitioners feel the 
need of supplementing their professional 
reading by direct contact with the authors, 
research workers and leaders in the field. 

To solve these problems the Committee 
selects each year series of carefully super- 


vised programs which are usually preceded 
by extensive consultations with the program 
directors recruited among the foremost spe- 
cialists, educators and scientists in the field 
of clinical cardiology and allied basic 
science disciplines. 

Although each program director is per- 
sonally responsible for the choice of faculty, 
and the structure of the program, the Na- 
tional Committee of Continuing Education 
assumes the overall responsibility for the 
caliber of the postgraduate education and 
the relevance to the practice of cardiology. 
This is accomplished by the processes of 
meticulous scrutiny of the objectives, analy- 
sis of the educational methods, and studying 
the impact of each course on the knowledge 


and attitudes of the participants. 

These programs should help each physi- 
cian to keep up with the new knowledge, to 
put into practice the new advances and to 
retract gracefully from the obsolete and use- 
less practices. An effective practitioner 
must learn and relearn, listen to new ideas, 
share past experiences and observe the 
work of his peers. The National Program 
Committee for Continuing Medical Education 
of the American College of Cardiology be- 
lieves that these goals can be accomplished 
by all members and nonmember profession- 
als participating in our continuing education 
programs. 

Borys Surawicz, MD, FACC, Chairman 
National Program Committee 


Programs and faculty are subject to change. For further information write Mary Anne Mclnerny, Director, Department of Continuing Education 
Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 





1975 


To be Preceptorships in Cardiology. 
arranged Arthur Selzer, FACC, director. 


individ- Pacific Medical Center, San 

ually Francisco, Calif. 

NOV. Core Curriculum: Phonocardiog- 

6-8 raphy and Pulse Recording— 
Workshop. Morton E. Tavel, 
FACC, director. The Methodist 
Hospital Graduate Medical 
Center, Indianapolis, Ind. 

NOV. Core Curriculum: Echocardiog- 

12-14 raphy, Phonocardiography and 


Pulse Tracings—4A Basic Work- 
shop. Alberto Benchimol, FACC, 
director. Scottsdale Hilton Hotel. 
Scottsdale, Ariz. 


DEC. Advances in Heart Disease 
7-9 1976. Dean T. Mason, FACC, di- 
rector. Fairmont Hotel, San 


Francisco, Calif. 


DEC. Structure—Function Correla- 

7-10 tions in Cardiovascular Disease. 
William C. Roberts, FACC, direc- 
tor. Williamsburg Conference 
Center, Williamsburg, Va. 


DEC. Colloquia in Cardiology—Num- 

10 ber 8: Stress and the Heart: The 
Influence and Management of 
Stress in Heart Disease. Robert 
W. Oblath, FACC and Ronald 
Danzig, FACC, directors. Am- 
bassador Hotel, Los Angeles, 
Calif. 


DEC. The Dwight E. Harken Sympo- 

12-14 sium: Advances in the Prophyl- 
axis and Therapy of Cardiovas- 
cular Disease. Henry |. Russek, 
FACC, director. Americana Ho- 
tel, New York, N.Y. 


1976 
JAN. Future Directions in the Man- 
11-13 agement of Cardiac Disease: 


A Bicentennial Viewpoint. 
John H. K. Vogel, FACC, direc- 
tor and Bruce C. Paton, FACC 
and James S. Forrester, co- 
directors. Snowmass-at-Aspen, 
Aspen, Colo. 


JAN. Core Curriculum: 

19-22 Echocardiogranhy. 
Meyer, director and Samuel 
Kaplan, FACC, co-director. 
Children’s Hospital, Cincin- 
nati, Ohio 


FEB. Twenty-fifth Annual 
23-26 


Pediatric 
Richard A. 


Scientific 
Session. Charles Fisch, FACC, 
president. Marriott Motor Hotel, 
New Orleans, La. 


Cardiovascular Disease—1976: 
Practical Diagnosis and Man- 
agement. John Ross, Jr., FACC, 
Robert A. O'Rourke, FACC, 
Joel S. Karliner, FACC and Kirk 
L. Peterson, FACC, directors. La 
Costa Resort Hotel and Spa, San 
Diego, Calif. 


MAR. 
11-13 


Dr. Charles Fisch, College President, is pleased to announce that the following individuals have ac- 
cepted pro tempore appointments as College Governors for their respective areas: 


Atlantic Provinces (Newfoundland, Nova Scotia, New Brunswick, Prince Edward Island) 
Lawrence K. Harris, MD, FACC, Nova Scotia 


Wyoming 


Robert J. Davis, Ill, MD, FACC, Cheyenne 


NEW MEMBERS 


The following individuals were elected to 
membership in the American College of 
Cardiology on July 28, 1975, in the category 
indicated. 


FELLOWSHIP 


AVINGTON, M. David, MD, West Virginia 
BABITT, Henry I., MD, Maryland 
BAVIKATTY, Ramachandra, MD, Ohio 
BLOOMFIELD, Dennis A., MD, New York 
BLUMBERG, Joel M., MD, Connecticut 
BORDIA, Arun, MD, India 
BRECKENRIDGE, John C., MD, Colorado 
BRYANT, Gerald D. N., MD, Florida 
CAMPO, Ivon N., MD, New York 
CASANEGRA, Pablo, MD, Chile 
CHANDRARATNA, Premindra A. N., MD, 
Florida 
CHRISTIANSEN, T. W., MD, Nevada 
CLARK, Richard E., MD, Missouri 
DART, Richard M., MD, Massachusetts 
DAVIA, James E., MD, District of Columbia 
DHURANDHAR, Raja W., MD, Louisiana 
FISCHL, Stephen J., MD, New Jersey 
FRAZIER, John E., ll, MD, Georgia 
GAY, William A., Jr., MD, New York 
GILLADOGA, Angela C., MD, New York 
GOPINATHAN, Kastooril, MD, New Jersey 
GOUGH, David C., MD, APO New York 
GROSSMAN, Marvin, MD, New Jersey 
HARTHORNE, John W., MD, Massachusetts 
HASSAN, Zubair ul, MBBS, Virginia 
HELLER, Barton L., MD, Massachusetts 
HILL, John C., MD, Washington 
ILYAS, Muhammad, MB, Pakistan 
INFANTOLINO, Philip L., MD, New Jersey 
KERSHBAUM, Kenneth L., MD, Pennsylvania 
KHANNA, P. K., MBBS, India 
KIM, Kyung Soo, MD, Michigan 
KLINE, Susan Anderson, MD, New York 
KRONGRAD, Ehud, MD, New York 
KUPERSMITH, Joel, MD, New York 
LAUFER, Moses J., MD, Israel 
MALAMUD, Bernardo, MD, Argentina 
MARCH, Harold W., MD, California 
MATTHEWS, Robert G., MD, Virginia 
MICHAELIS, Lawrence L., MD, Maryland 
MILLWARD, David K., MD, North Carolina 
MOORE, Richard B., MD, Minnesota 
MORGAN, John R., MD, Tennnessee 
OSHER, William J., MD, Texas 
PELARGONIO, Salvatore, MD, Italy 
POHOST, Gerald M., MD, Massachusetts 
RAIZNER, Albert E., MD, Texas 
SANTER, Michael A., Jr., MD, West Virginia 
SCHNEIDER, Gerald P., MD, New York 
SEGHERS, Victor K., MD, Texas 
SETHI, Virender, MD, New York 
SHEPARD, Richard B., MD, Alabama 
SLAGLE, Richard C., MD, Oklahoma 
SMITH, Thomas W., MD, Massachusetts 
SNIDERMAN, Allan D., MD, Canada 


SPURRELL, Roworth A. J., MD, England 

STEIN, Leon, MD, Indiana 

STREVEY, Tracy E., Jr., MD, Colorado 

TECTOR, Alfred J., MD, Wisconsin 

TRAKS, Elmerice, MD, Ohio 

VOIGT, Gustav C., MD, Maryland 

WALLSH, Eugene, MD, New York 

WAUGH, Robert A., MD, Maryland 

WEINTRAUB, Ronald M., MD, Massachu- 
setts 

WHITE, Roger D., MD, Minnesota 

YATES, James D., MD, Tennessee 

ZEVON, Sanford, S., MD, New York 


ADVANCEMENT TO FELLOWSHIP 


ADGEY, A. A. Jennifer, MD, Northern Ireland 
ALDERMAN, Edwin L., MD, California 
ALEXANDER, Gerald L., MD, Florida 
ARIZA-Herrera, Daniel, MD, Mexico 
BERKMEN, Rasim, MD, Turkey 
BRACHFELD, Jonas, MD, New Jersey 
CANNILLA, Joel E., MD, New Jersey 
CANNOM, David S., MD, Connecticut 
CANTWELL, John D., MD, Georgia 
DOAN, Allen E., MD, Washington 
FREEMAN, D. Joe, MD, Wisconsin 
GHAHRAMANI, Ali R., MD, Florida 
GRAY, Samuel, Ill, MD, Pennsylvania 
HELLER, Warren, MD, New York 
KLINE, S. Ronald, MD, New Jersey 
LASSER, Jerry J., MD, New York 
LEVENE, Donald L., MD, Canada 
MAHRER, Peter R., MD, California 
MROCZEK, William J., MD, District of Co- 
lumbia 
NACHT, Robert I., MD, New York 
NEJAT, Moossa, MD, New York 
OKOROMA, Edwin O., MD, Nigeria 
PEARCE, Malcolm B., MD, Arkansas 
PETERSEN John L., MD, Washington 
POLITO, Santo S., Jr., MD, California 
RUBLER, Herman B., MD, New York 
SCHECHTER, Frederick G., MD, Louisiana 
SILVER, Walter, MD, New York 
STERTZER, Simon H., MD, New York 
THOMSON, Pate D., MD, California 
TROUM, Lawrence, MD, New Jersey 
WATT, Thomas B., Jr., MD, Kentucky 
WAY, R. Clifton, MD, Canada 
WURZELBACHER, Richard T., MD, Ohio 


ASSOCIATE FELLOWSHIP 


AMIRPARVIZ, Firouz, MD, Illinois 

t BEG, Mirza M. A., MD, Pennsylvania 
BERK, George E., MD, New York 
BISHOP, Richard L., MD, Massachusetts 
" BLANC, James S., MD, Georgia 
BRYSON, Andrew L., MD, California 
BUCKLEY, Howard T., MD, California 
t CASSIDY, John, MD, California 
CLARK, William H., MD, Arizona 

t COLEMAN, Philip G., MD, Illinois 
DeGUZMAN, Norberto T., MD, Florida 


COLLEGE NEWS 


ECHEAGARA Y, Carlos, MD, Mexico ! 

ENGEL, Heinz-Jurgen M., MD, West Ger- À 
many i 

t EXCONDE, Leonardo D., MD, Philippines 

t FLYNN, Robert L., MD, Maryland 

GANDEL, Paul N., MD, Connecticut 

GODOY e GODOY, Milton, MD, Brazil 

HANSEN, Daniels D., MD, California 

t HARRISON, Earl C., MD, California 

HOLDER, John T., MD, Louisiana 

ISKANDRIAN, Abdulmassih S., MD, Paniaykid 
vania 

LACY, Jerome P., MD, Kentucky 

LEGUIZAMON, Efraine E., MD, Michigan 

LEVI, George A., MD, Massachusetts 

* McCALL, David, MD, Ohio 

MAGNIER, Eugene A., MD, Hawaii 

MANMOHANSINGH, Pooran R., MD, Canada — 

MAROTO-MONTERO, Jose M., MD, Spain 

MESETE, Alfonso F., MD, Pennsylvania 

MILLER, Gordon C., MD, Georgia 

t NARANG, Ravinder M., MD, New York 

NATARAJAN, Gangaiah, MD, Pennsylvania 

NIGAM, Avinash Chandra, MD, Delaware 

OEI, Hak Kian, MD, Louisiana 

t OH, Winston, MD, Singapore 

* PAULAY, Karlen L., MD, New York 

PEREZ, Gloria L., MD, Illinois 


RAMIREZ-RONDA, Carlos H., MD, Texas 


t RAO, Chitaldroog R., MB, India 

REIFFEL, James A., MD, New York 
RITCHIE, Keith L., MD, Utah 

t ROBERTS, Robert, MD, Missouri 

t RUBENSTEIN, Howard J., MD, New Jersey 
SIEGEL, Jerome S., MD, Tennessee 

* SOTO, Rodolfo C., MD, Philippines 
STEUDEL, Wolfgang T., MD, Colorado 

t VOSS, Dieter M., MD, Wisconsin 

* WHITE, Thomas R., MD, Indiana 


ADVANCEMENT TO ASSOCIATE FEL- : 
LOWSHIP 


CHADDA, Kul Deep, MD, New York 


AFFILIATE 


AOUN, Kamal H., MD, Pennsylvania 
BAKER, Thomas E., MD, Pennsylvania 
* CAMPOS, Luis A., MD, Texas 
CERDA-HINOJOSA, Guillermo, MD, Mexico 
* COLGLAZIER, Mary C., MD, Missouri 
DeLEO, Caesar A., MD, Illinois 
GREER, Thomas H., Jr., MD, Mississippi 
LANA, Roberto Lauro de Almeida, MD, Bra- _ 
zil A 
* MISRA, Sarada N., MD, Tennessee ! 
RAVINDRA, NATHAN Muttathil, MBBS, New 
Jersey 
* SIMAO, Carlos M., MD, Brazil 
t SNODELL, Firmin E., MD, Kansas 
TENNEY, Richard D., MD, Vermont 
WUEBKER, Margherita, MD, Texas 


-* Elected December 30, 1974 


t Elected May 22, 1975 


NSTRUCTIONS FOR AUTHORS 


THE WHOLE PAPER 


» Address manuscript to Simon Dack, 
MD, American Journal of Cardiology, 
566 Fifth Ave., New York, NY 10019. 

» Submit two copies of all elements of 
he article: text, references, legends, ta- 
Jles and figures. 

» Arrange the paper in this order: (1) 
itle page; (2) abstract; (3) text; (4) ref- 
srences; (5) legends; (6) tables; and (7) 
figures. 

» Number all pages in above se- 
quence, beginning with title page as 1, 
abstract as 2, etc. ! 

» Type all matter: (1) on 8) X 11 
opaque white bond paper; (2) in dupli- 
cate; (3) on one side of each sheet only; 
(4) double-space; (5) leave wide mar- 
gins, all four sides. 


THE TITLE PAGE 


e |nclude first names, degrees and, 
where applicable, FACC for all authors. 
e Provide a short running title of 3 to 6 
words. 

e Insert at bottom: name and address 
of institution from which work originated 
plus information about grants. 

e Add at bottom the phrase ‘‘Address 
for reprints: ...’’ followed by full name 
and address with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 
words for major articles; 50 to 100 
words for case reports. 

e Add at end of abstract: list of 2 to 6 
key words and subjects for indexing. 


THE TEXT 


e Type in duplicate; double-space. 

e Do not use abbreviations such as 
SVC, WPW: write out; superior vena 
cava, Wolff-Parkinson-White. 

e Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
Style Manual for Biological Journals, 
American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
Washington, D. C. 

e Cite in numerical order every refer- 
ence, figure and table. (Order of men- 


The editors of THE AMERICAN JOURNAL OF CARDIOLOGY welcome con- 
cise articles devoted to cardiovascular disease. Articles must be contrib- 
uted solely to THE AMERICAN JOURNAL OF CARDIOLOGY and become the 
property of the Publisher. The Publisher reserves copyright and renewal on 
all published material, and such material may not be reproduced in any form 
without the written permission of the Publisher. Statements in articles are 
the responsibility of the authors. Authors will assist the editors in the prompt 
processing of manuscripts if these instructions are followed: 


tion in text determines the number given 
to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Number the references in order in 
which they are mentioned in text. 

e Provide concluding page numbers for 
all journal references and specific page 
numbers for all book references. Indi- 
cate all abstracts by the abbreviation 
(abstr). 

e Follow the general arrangement, ab- 
breviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

e Number pages in sequence after last 
page of references. 

e Identify at the end of each legend and 
in alphabetical order all abbreviations in 
the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 


e Give each table a number (in roman 
numerals; Table |, Il, etc.) and a title. 
Number the tables. in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all ab- 
breviations used. 


THE FIGURES 


e Submit 2 glossy prints (not originals) 
of each photo and drawing. 

e Please note that art work of pub- 
lished articles will not be returned. 

e Use black ink for all charts (line 
drawings). Make decimals, broken lines, 
etc. strong enough for reproduction. 

e Use arrows to designate special fea- 
tures. 

e Crop photomicrographs to show only 
essential field. 

e Identify figures on back by number 
and author's name. 

e Number figures in order in which they 
are mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from pub- 
lisher and author to reproduce any pre- 
viously published figures. 

e Limit figures to number necessary for 
clarity. The publisher allows a limited 
sum toward reproduction. 


DNE eae MN MM DEP MU AME. ELA e LENENIUEN OM S NGS SERENE 


Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 


31. Bellet S, Feinberg LJ, Sandberg H, et al: 
The effects of caffeine on free fatty acids 
and blood coagulation parameters of dogs. J 
Pharmacol Exp Ther 159: 250-254, 1968 


(Author: please note that no periods are used after authors’ initials.) 


For books (edited by other than author of article): 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ: 
Diseases of the tricuspid valve, chap 20. In, 
Heart Disease in Infants, Children and Ado- 
lescents (Moss AJ, Adams F, ed). Baltimore, 
Williams & Wilkins, 1968, p 1» 


For books (with identical author and editor): 


36. Berne E: Principles of Group Treatment. New 
York, Oxford University Press, 1966, p 26 


(Author: all book references should have specific page numbers) 





It your angina patient 





isnt having 3 out of 4 
better days than usual... 


try 


INDICATIONS: For the prophylaxis and 
long-term treatment of patients with fre- 
quent or recurrent anginal pain and re- 
duced exercise tolerance associated with 
angina pectoris, rather than for the treat- 
ment of the acute attack of angina pec- 
toris, since its onset of action is somewhat 
slower than that of nitroglycerin. 
?RECAUTIONS: As with other effective 
iitrates, some fall in blood pressure may 
;ccur with large doses. 

Caution should be observed in admin- 
stering the drug to patients with a history 
of recent cerebral hemorrhage, because 
of the vasodilatation which occurs in the 
area. Although therapy permits more 
1ormal activity, the patient should not be 
allowed to misinterpret freedom from 
anginal attacks as a signal to drop all 
'estrictions. 

SIDE EFFECTS: No serious side effects 
nave been reported. In sublingual therapy 
3 tingling sensation (like that of nitro- 
Jlycerin) may sometimes be noted at 

he point of tablet contact with the mucous 
membrane. If objectionable, this may be 
nitigated by placing the tablet in the 
)3uccal pouch. As with nitroglycerin or 
other effective nitrites, temporary vascular 
yeadache may occur during the first few 
Jays of therapy. This can be controlled by 
emporary dosage reduction in order to 
allow adjustment of the cerebral hemo- 
Jynamics to the initial marked cerebral 
rasodilatation. These headaches usually 
1isappear within one week of continuous 
herapy but may be minimized by the 
1idministration of analgesics. 

Mild gastrointestinal disturbances occur 
»ccasionally with larger doses and may 
je controlled by reducing the dose tem- 
;orarily. 

SUPPLIED: 10 mg chewable tablets, bot- 
le of 100. Also 5, 10 and 15 mg scored 
ablets in bottles of 100. 10 mg scored 
ablets also supplied in bottle of 1,000. 

Also available: Cardilate- P brand 
-rythrityl Tetranitrate with Phenobarbital* 
“Warning: may be habit-forming). 

. Russek HI: AM J M Sc 239:478, 1960 


Burroughs Wellcome Co. 
Research Triangle Park 
R North Carolina 27709 


Cardilate 


(ERYTHRITYL TETRANITRATE) 


*Please note: unstable angina’ patients may be refractory to all long-acting. nitrates 


“Pain days’ significantly re- 
duced with Cardilate* (eryth- 
rity! tetranitrate) in 48-patient 
study.! Patients on placebo ex- 
perienced same pain as usual 
or increased pain 2 days out of 
3...compared to 1 day out of 4 
while on Cardilate 





Effective prophylaxis against 
attacks; increases exercise tol- 
erance. Serious side effects 
have not been reported in 20 
years clinical use. 





Rapid-acting chewable tablets 
(10mg) preferred by many pa- 
tients. Should be given before 
anticipated periods of stress to 
produce an action within 5 
minutes. and lasting up to. 2 
hours. Sublingual tablets also 
available. 


Cardilate can save patients 
money; is less expensive than 
many popular long-acting ni- 
trates. 20% to 30% savings not 
uncommon ...also helps re- 
duce need for nitroglycerin. 


BLI Sine-Wave Blood Flowmeter 
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Biotronex Laboratory, inc. 
9153 Brookville Road € Silver Spring, Maryland 20910 e Phone: 301/588-6400 





The Jamieson Model 54 X-Ray Film 
Processor for 35mm Cineradiography! 


Fast 
Fast 
Fast ... up to 70 feet per minute! 


Each day members of the medical profession face new exacting challenges and 
opportunities to serve those who rely on their expert skills and judgement. 

To help you meet these needs more effectively and efficiently, Jamieson Film 
Company, a leading manufacturer of film processing equipment, has designed a 
totally new processor so unique that it has antiquated present systems designed 
for 35mm cineradiography. The Model 54 allows the laboratory technician to 
process film faster than any system on the market, but still offers developing 
quality equal or superior to the most meticulous hand-processing, all done au- 
tomatically. 

Compare what you see here with other processors. We think you will find the 
Jamieson Model 54 your very best buy. 









Call, write or clip coupon and mail today for more details! 


a] Ce SE e a ee Te a ee ee Oe! M i03 GNGEN MEUS 
Please send information on Jamieson Model 54 Processor and a list of users. 


8 Nein oca Ed ee FS s rr ED 

3 | SAE, MIO, OIE EFT Oe ES eL RSE MA je ^ RITIRO T. CH Nea ar i 
JAMIESON FILM COMPANY ESE rane tien ie Ree ASS ee 
6911 FOREST PARK ROAD » DALLAS, TEXAS 75235 [d State. — 1 Zip Ss JAMIESON FILM COMPANY gj 
PHONE: 214-350-1283 * TELEX: 73-0932 M acio 6911 Forest Park Rd. Dallas, TX 75235 Į 
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you have an Avionics recorder, 
on't switch. Don't be pressured 
ito buying another type. The 
ouble is probably an inferior 
:anning service. Avionics is the 
nest recorder. Now get the 

nest scanning service. The 
imnimedical Holter DCG 
canning Service. We are equip- 
ed with the Avionic 660 Electro- 
ardiocharter and a Microdata 
eality Computer System. Com- 


[| GONG 





bined, they permit us to offer 
you the most extensive, least 
expensive, most professional 
scanning service available. We 
will scan your Avionics Tapes, 
single or dual channel, for $60. 
We provide you with a quantita- 
tive analysis of ectopic beats, 
superventricular and ventricular, 
broken down hourly Plus a trend 
analysis, a histogram of heart 
rate and ST segments for the 


f R 


getting the most out of your 
er DCG scanning arie? 


entire 24 hours. And, because 
our system can scan 120 times 
real time, we scan your tape the 
day we receive it and mail out 
the analysis the same day. And, 
our service is national. All this 
and still only $60. With Omni- 
medical you get your money's 
worth. To make the Omnimedical 
connection, write or phone us at 
P.O. Box 823 , Paramount, 

Ca. 90723. (213) 633-6660. 





Omnimedical 
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clinical blood flowmeter. 
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CLINIFLOW is a precision instrument 
designed specifically for clinical 
applications where patient safety and 
simplicity of operation are of paramount 
importance. A truly isolated input circuit 
provides the ultimate in patient isolation, 
even with improper use or association with 
other instrumentation. 


The CLINIFLOW System offers a new level of 
convenience and ease of operation. The 
operator simply dials the given 
pre-calibrated probe factor and adjusts the 
zero set meter. Quantitative blood flow is 
measured and displayed directly in ml/min 
or liters/min on a large, easy-to-read digital 
indicator. Range, decimal point and scale 
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light are automatically established. 

CME's pioneering and unequaled 
leadership in flowmetry is represented in the 
CLINIFLOW. CME — First in Flowmeters. 


CAROLINA MEDICAL ELECTRONICS, INC. 


P. 0. BOX 307, KING, N. C. 27021 USA -TELEPHONE (919) 983-5132 





LSE Telemetry 


The ideal solution 
to monitoring 


Post- Acute Cardiac 
Patients 


A miniature, battery powered trans- 
mitter that measures and broadcasts 
heart rate and QRS wave form to a central! 
nurses’ station is the only instrument 
physically attached to the patient. 


LSE Telemetry Monitors provide accurate 
and continuous data of ambulatory 
patient's heart signal during recovery, 
within a range of 300 feet in open space 
and to more than 1000 feet with antenna. 
The portable versions are also invalu- 
able for emergency arrivals, crash carts, 
in the operating room and for stress 

test applications. 


Continuous monitoring improves 
patient's feeling of security and en- 
courages normal activity. 


Removal from "hard-wiring" improves 
psychological outlook while regained 


LSE offers a broad variety 
of complete Telemetry 
Cardiac Monitoring Product 
including: 


mobility helps to improve muscle tone 
and circulation. 


^ “Hard-wired” instrument beds in 
ICU/CCU units are made available 
for more critical patients. 


As many as 24 patients can be mon- 
itored from one central station. 


Simple operation — Solid-state 
reliability. 

No special installation or wiring... 
Just plug it in. 

Systems interface with diagnostic 
computers, data phones, remote re- 
corders and displays. 


Unique revenue sharing pay plan allows 
upgrading present Cardiac Patient Care 
Center without major capital equipment 
or personnel investments. 


E 4-Patient Central Stations — with 


simultaneous 4-channel display, 
“freeze” display, cascade display, 
digital heart rate display, automatic 
ECG recording, alarms and more . 


Portable Bedside Monitors — 

with many of the above features, 
including battery or AC operation, 
up to 11 different patient trans- 
mitters, displays one patient at a 
time, used in combination with 
single or multiple-external recorde 


For complete information, send for 
our new, Free Brochure today! 


For details on revenue sharing plan, 
contact Sales Manager, LSE. 


LASER SYSTEMS 

& ELECTRONICS.INC. 

An Affiliate of Keuffel & Esser Co. 
Box 858, Tullahoma, Tennessee 3738 
(615) 455-0686 





In the shock syndrome 
due to myocardial infarction 





See last page of this advertisement for full prescribing information. 


The drug for the heart 
that reflects itself in the kidney 


INIROPIN 


(dopamine HCl) 


Intropin* (dopamine HCl) provides a positive approach in the cor- 
rection of hemodynamic imbalances in the shock syndrome due to 
myocardial infarction. Intropin is a drug to consider after you have 
established an adequate airway and corrected existing hypovolemia. 

Intropin is a unique catecholamine that does what you want it 
to do — increase cardiac output, increase vital organ perfusion 
and increase urine output without increasing the likelihood of 
serious undesirable effects. 

A key to increased survival of the shock episode is to initiate 
Intropin therapy as soon as practical after the onset of signs, since 
the patients most likely to respond are those whose myocardial 
function, urine output and blood pressure have not undergone 
profound deterioration. The less time between onset of signs and the 
initiation of shock therapy, the better the prognosis. 

Intropin must be diluted in a suitable intravenous solution and 
given by I. V. drip. 


Increase vital organ perfusion and urine output 

Intropin provides increased vital organ perfusion and can signifi- 
cantly increase urine flow in the low-to-moderate dosage range. In- 
creased urine output (plus accompanying sodium excretion) is caused 
by an increase in the renal blood flow and glomerular filtration. 

In contrast, other catecholamines do not consistently increase 
(and often decrease) urine output. 

Intropin may also increase urine output in patients whose out- 
put is within normal limits and thus may be of value in reducing 
the degree of pre-existing fluid accumulation. 

When high doses (above 30 mcg/kg/min) of Intropin are 
administered, urine flow may decrease, and a dosage reduction 
may be necessary. 


Increase in cardiac output, stroke volume and contractility 


Intropin substantially increases contractility, stroke volume and 
cardiac output by acting on the beta receptors of the heart. 
The myocar dial oxygen supply/demand ratio appears to remain 
stable with Intropin at low to intermediate doses. Intropin produces 
less increase in myocardial oxygen consumption than isoproterenol. 


Increase blood pressure 


Low-to-moderate doses of Intropin are usually sufficient to man- 
age hypotension due to inadequate cardiac output. At these doses, 
Intropin does not typically increase total peripheral vascular 
resistance. Blood flow to the mesenteric area may increase while 
circulation in the peripheral vascular beds may decrease. 

Before administering Intropin, the physician should be familiar 
with the effects of the drug at various dose levels (see chart). Note 
especially the paradoxical results of Intropin at the higher ranges 
(over 30 mcg/kg/min) — increased systemic vascular resistance 
plus a decrease in renal blood flow and urine output. These phe- 
nomena can be reversed, if desired, by reducing the dose. 


Increase dosage control 

Intropin has a half life of appr oximately 1.75 minutes, and the 
positive effects of the drug usually dissipate within 10 minutes 
after discontinuing the medication. 

As shown in the chart, the positive effects of Intropin vary with 
the dose levels administered. Before using the drug, physicians 
are advised to familiarize themselves with the Intropin dose phe- 
nomena — particularly as they relate to the kidney. 





See last page of this advertisement for full prescribing information. 





The effects of Intropin dopamine HC) 
at low, intermediate and high dose levels 


Low Dose Intermediate Dose High Dose 
2-5 mee/ke/min — 5-30 meg/kg/min over 30 mcg/kg/min 


Cardiac Output no change increase increase 

Stroke Volume no change increase increase 

Heart Rate no change there is an initial increase followed by a 
decrease toward normal rate as infusion 
continues 

Myocardial 

Contractility no change Increase Increase 

* Potential for low low data unavailable 


Excessive Myocardial 


Oxygen Demands 


*Potential for 


Tachyarrhythmias 


Total Systemic 


Vascular Resistance 
Renal Blood Flow 


Urine Output 


coronary blood 
flow increased 


low 

slight decrease 
to no change 
increase 


Increase 


coronary blood 
flow increased 


low 

no change to 
slight increase 
increase 


Increase 


moderate 
Increase 


decrease 
decrease 


Intropin educational materials available 

Useful Intropin educational materials (including dosage converters; training kits for critical 
care personnel; a 20-minute instructional film with accompanying literature; and published 
clinical reprints) may be obtained through your Arnar-Stone representative, or by contacting 
Arnar-Stone Laboratories, Inc., directly. 


*Low but needs monitoring 


See last page of this advertisement for full prescribing information. 





/ ^N ARNAR-STONE LABORATORIES, INC. 
601 E. Kensington Rd. 


SS Mt. Prospect, Illinois 60056 


Printed in U.S.A. /ASL-08-75-932 
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INTROPIN" (dopamine HCl) 


5 ml. AMPUL/FOR I.V. INJECTION 


DESCRIPTION: INTROPIN (dopamine no is 3,4-dihydroxyphenethylamine hydrochloride, a 
ME PATIO biochemical catecholamine precursor of norepinephrine. The chemical 
re is: 





HO CH2CH2NHz - HCI 


CeHi:NOe - HCI HO Mol. Wt. 189.65 


Dopamine hydrochloride is a white, odorless crystalline powder, freely soluble in water and 
soluble in alcohol. It is sensitive to light, alkalis, iron salts and eee agents. 

Each milliliter of sterile, pyrogen-free INTROPIN Injection contains 4 mg. of dopamine 
hydrochloride (equivalent to 32.96 mg. of dopamine base) in Water for Injection, USP, 
containing 1% sodium bisulfite as a preservative. 


ACTIONS: INTROPIN exerts an inotropic effect on the myocardium resulting in an increased 
cardiac output. INTROPIN produces less increase in myocardial oxygen consumption than 
isoproterenol and its use is usually not associated with a tachyarrhythmia. Clinical studies 
indicate that INTROPIN usually increases systolic and pulse pressure with either no effect or a 
Slight increase in diastolic pressure. Total peripheral resistance at low and intermediate 
therapeutic doses is usually unchanged. Blood flow to peripheral vascular beds may decrease 
while mesenteric flow increases. INTROPIN has also been reported to dilate the renal vascula- 
ture presumptively by activation of a “dopaminergic” receptor. This action is accompanied by 
increases in glomerular filtration rate, renal blood flow, and sodium excretion. An increase in 
EY output produced by dopamine is usually not associated with a decrease in osmolality of 
e urine. 


INDICATIONS: INTROPIN is indicated for the correction of hemodynamic imbalances present in 
the shock syndrome due to myocardial infarctions, trauma, endotoxic septicemia, open heart 
surgery, renal failure, and chronic cardiac decompensation as in congestive failure. 
here appropriate, restoration of blood volume with a suitable plasma expander or whole 

blood should be instituted or completed prior to administration of INTROPIN. 

Patients most likely to respond adequately to INTROPIN are those in whom physiological 
parameters, such as urine flow, myocardial function, and blood pressure, have not undergone 
profound deterioration. Multiclinic trials indicate that the shorter the time interval between onset 
of signs and symptoms and initiation of therapy with volume correction and INTROPIN, the 
better the prognosis. 


Poor Perfusion of Vital Organs—Urine flow appears to be one of the better diagnostic signs by 
which adequacy of vital organ perfusion can be monitored. Nevertheless, the physician should 
also observe the patient for signs of reversal of confusion or comatose condition. Loss of pallor, 
increase in toe temperature, and/or adequacy of nail bed capillary re may also be used as 
indices of adequate dosage. Clinical studies have shown that when INTROPIN is administered 
before urine flow has diminished to levels approximately 0.3 ml./minute, prognosis is more 
favorable. Nevertheless, in a number of oliguric or anuric patients, administration of INTROPIN 
has resulted in an increase in urine flow which in some cases reached normal levels. INTROPIN 
may also increase urine flow in patients whose output is within normal limits and thus may be of 
value in reducing the vei diy of pre-existing fluid accumulation. It should be noted that at doses 
above those optimal for the individual patient, urine flow may decrease, necessitating reduction 
of dosage. Concurrent administration of INTROPIN and diuretic agents may produce an additive 
or potentiating effect. 


Low Cardiac Output—Increased cardiac output is related to INTROPIN's direct inotropic effect on 
the myocardium. Increased cardiac output at low or moderate doses appears to be related to a 
favorable prognosis. Increase in cardiac output has been associated with either static or 
decreased systemic vascular resistance (SVR). Static or decreased SVR associated with low or 
moderate increments in cardiac output is believed to be a reflection of differential effects on 
specific vascular beds with increased resistance in peripheral beds (e.g. femoral) and con- 
comitant decreases in mesenteric and renal vascular beds. Redistribution of blood flow parallels 
these changes so that an increase in cardiac output is accompanied by an increase in mesenteric 
and renal blood flow. In many instances the renal fraction of the total cardiac output has been 
found to increase. Increase in cardiac output produced by INTROPIN is not associated with 
substantial decreases in systemic vascular resistance as may occur with isoproterenol. 


e RNS Atop due to inadequate cardiac output can be managed by administration 
of low to moderate doses of INTROPIN, which have little effect on SVR. At high therapeutic 
doses, INTROPIN's alpha adrenergic activity becomes more prominent and thus may correct 
hypotension due to diminished SVR. As in the case of other circulatory decompensation states, 
Ki aye: is better in patients whose blood pressure and urine flow have not undergone 
profound deterioration. Therefore, it is suggested that the physician administer INTROPIN as 
soon as a definite trend toward decreased systolic and diastolic pressure becomes evident. 


CONTRAINDICATIONS: INTROPIN should not be used in patients with pheochromocytoma. 


WARNINGS: INTROPIN should not be administered in the presence of uncorrected tachyarrhyth- 
mias or ventricular fibrillation. 

Y NOT add INTROPIN to any alkaline diluent solution, since the drug is inactivated in alkaline 
solution. 

Patients who have been treated with monamine oxidase Her inhibitors prior to the 
administration of INTROPIN will require E reduced dosage. Dopamine is 
metabolized by MAO, and inhibition of this enzyme prolongs and potentiates the effect of 
md The starting dose in such patients should be reduced to at least one-tenth (1/10) of 

e usual dose. ! 


e in Pregnancy—Animal studies have revealed no evidence of teratogenic effects from 
INTROPIN. In one study, administration of INTROPIN to pregnant rats resulted in a decreased 
survival rate of the newborn and a potential for cataract formation in the survivors. The drug 
may be used in pregnant women when, in the judgment of the physician, the expected benefits 
outweigh the potential risk to the fetus. 

Usage in Children—The safety and efficacy of this drug in children has not been established. 
INTROPIN has been used in a limited number of pediatric patients, but such use has been 
inadequate to fully define proper dosage and limitations for use. Further studies are in progress. 
PRECAUTIONS: Avoid Hypovolemia—Prior to treatment with INTROPIN, hypovolemia should be 
fully corrected, if possible, with either whole blood or plasma as indicated. 

Decreased Pulse Pressure—if a disproportionate rise in the gaint ade (i.e. a marked 
decrease in the pulse pressure) is observed in patients receiving INTROPIN, the infusion rate 
should be decreased and the patient observed carefully for further evidence of predominant 
vasoconstrictor activity, unless such an effect is desired. 


Extravasation—INTROPIN should be infused into a large vein whenever possible to prevent the — 
possibility of extravasation into tissue adjacent to the infusion site. Extravasation may cause — 
necrosis and sloughing of surrounding tissue. Large veins of the antecubital fossa are preferred — 
to veins in the dorsum of the hand or ankle. Less suitable infusion sites should be used only if 
the patient's condition requires immediate attention. The physician should switch to more — 2 
— sites as rapidly as possible. The infusion site should be continuously monitored for free — 
OW. 


Occlusive Vascular Disease—Patients with a history of occlusive vascular disease Tn example, 
atherosclerosis, arterial embolism, Raynaud's disease, cold injury, diabetic endarteritis, and s 
Buerger's disease) should be closely monitored for any changes in color or temperature ofthe 
skin in the extremities. If a change in skin color or temperature occurs and is thought to bethe — 
result of compromised circulation to the extremities, the benefits of continued INTROPIN 
infusion should be weighed against the risk of possible necrosis. This condition may be 
reversed by either decreasing or discontinuing the rate of infusion. 


ws to 10 mg. of Regitine* (brand of phentolamine), an adren 
e 


Avoid Cyclopropane or Halogenated Hydrocarbon Anesthetics—Cyclopropane or halogenated hydro- — 
carbon anesthetics increase cardiac autonomic irritability and therefore may sensitize the — 
myocardium to the action of certain intravenously administered catecholamines. This interac- 

tion appears to be related both to pressor activity and to beta adrenergic stimulating properties s 
of these catecholamines. Therefore, as with certain other catecholamines, and because of the 

theoretical arrhythmogenic potential, INTROPIN should be used with EXTREME CAUTION in 
patients inhaling cyclopropane or halogenated hydrocarbon anesthetics. De 


Careful Monitoring Required—Close monitoring of the following indices—urine flow, cardiac — 
output and blood pressure—during INTROPIN infusion is necessary as in the case of any — 
adrenergic agent. x 


ADVERSE REACTIONS: The most frequent adverse reactions observed in clinical evaluation of — 
INTROPIN included ectopic beats, nausea, vomiting, tachycardia, anginal pain, palpitation, — . 
dyspnea, headache, hypotension, and vasoconstriction. Other adverse reactions which have 
been reported infrequently were aberrant conduction, bradycardia, piloerection, widened QRS 
complex, azotemia, and elevated blood pressure. 


DOSAGE AND ADMINISTRATION: 
WARNING: This is a potent drug: It must be diluted before administration to patient. 


Suggested Dilution—Transfer contents of one ampul (5 ml. poraning 200 mg. INTROPIN) by 
a technique to either a 250 ml. or 500 ml. bottle of one of the following sterile intravenous 
solutions: 





1) Sodium Chloride Injection, USP 5) Dextrose (5%) in Lactated Ringer's 

2) Dextrose 5% Injection, USP Solution 

3) Dextrose (5%) and Sodium Chloride 6) Sodium Lactate (1/6 Molar) 
(0.9%) Injection, USP Injection, USP 

4) 5% Dextrose in 0.45% Sodium 7) Lactated Ringer's Injection, USP 
Chloride Solution 


These dilutions will yield a final concentration for administration as follows: 
250 ml. dilution contains 800 mcg./ml. of INTROPIN 
500 ml. dilution contains 400 mcg./ml. of INTROPIN 
INTROPIN has been found to be stable for a minimum of 24 hours after dilution in the sterile 
intravenous solutions listed above. However, as with all intravenous admixtures, dilution 
should be made ns n to administration. 
Do NOT add INTROPIN Injection to 5% Sodium Bicarbonate or other alkaline intravenous 
solutions, since the drug is inactivated in alkaline solution. 


Rate of Administration—INTROPIN, after dilution, is administered intravenously through a 
suitable intravenous catheter or needle. An i.v. drip chamber or other suitable metering device 
is essential for controlling the rate of flow in drops/minute. Each patient must be individually 
titrated to the desired hemodynamic and/or renal response with INTROPIN. In titrating to the — 
desired increase in systolic blood pressure, the optimum dosage rate for renal response may be - 
exceeded, thus necessitating a reduction in rate after the hemodynamic condition is stabilized. — 
Administration at rates greater than 50 mcg./kg./min. have safely been used in advanced — - 
circulatory decompensation states. If unnecessary fluid expansion is of concern, adjustmentof  . 
arug concentration may be preferred over increasing the flow rate of a less concentrated 
ilution. G 
Suggested Regimen: M 
1. When appropriate, increase blood volume with whole blood or plasma until central venous — 
pressure is 10 to 15 cm H20 or pulmonary wedge pressure is 14-18 mm Hg. 3 
2. Begin administration of diluted solution at doses of 2-5 mcg./kg./minute INTROPIN in 
patients who are likely to respond to modest increments of heart force and renal perfusion. 
In more bres Bes atients, begin administration of diluted solution at doses of 5 — . 
mcg./kg./minute INTROPIN and increase gradually using 5 to 10 mcg./kg./minute increments 
up to 20 to 50 mcg./kg./minute as needed. If doses of INTROPIN in excess of 50 - 
mcg./kg./minute are required, it is suggested that urine output be checked frequently. Should — - 
urine flow begin to decrease in the absence of hypotension, reduction of INTROPIN dosage — 
should be considered. Multiclinic trials have shown that more than 50% of the patients were - 
satisfactorily maintained on doses of INTROPIN less than 20 mcg./kg./minute. In patients who 
do not respond to these doses with adequate arterial pressures or urine flow, additional 
increments of INTROPIN may be employed in an effort to produce an appropriate arterial i 
pressure and central perfusion. ji 
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3. Treatment of all patients requires constant evaluation of therapy in terms of the blood volume, — 
fagaras of myocardial contractility, and distribution of peripheral perfusion. Dosage of 1 
INTROPIN should be adjusted according to the patient's response, with particular attention to — 
diminution of established urine flow rate, increasing tachycardia or development of new 
dysrhythmias as indices for decreasing or temporarily suspending the dosage. AN 


4. As with all potent intravenously administered drugs, care should be taken to control the rate of 
administration so as to avoid inadvertent administration of a bolus of drug. 


OVERDOSAGE: In case of accidental overdosage, as evidenced by excessive blood pressure 
elevation, reduce rate of administration or temporarily discontinue INTROPIN until patient's 
condition stabilizes. Since INTROPIN's duration of action is quite short, no additional remedial — 
measures are usually necessary. If these measures fail to stabilize the patient's condition, useof — 


ur d 


the short-acting alpha adrenergic blocking agent, phentolamine, should be considered. TA 
HOW SUPPLIED: 5 ml. ampuls containing 40 mg. dopamine HC! per milliliter. i m 
ARNAR-STONE LABORATORIES, INC. T: 

CS Mount Prospect, Illinois 60056 j 
A Subsidiary of American Hospital Supply Corporation ET 
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(they're worth monitoring ) 


‘TEIN: The Electrocardiogram: A Self-Study 
zourse in Clinical Electrocardiography 


in excellent audio-visual program which provides a complete 
oundational course in the proper interpretation and understand- 
ng of the clinical electrocardiogram. All important aspects of gen- 
ral electrocardiography are examined. The ten C-60 cassette tapes 
»resent polished lectures that are carefully correlated to the illustra- 
ions and text in the manual. Grant's spatial vector approach is 
mphasized in the instruction. 


Jy Emanuel Stein, LL B, MD, Cardiologist and Medical Director, Chief, 
Medical Education, U.S. Public Health Service Hospital, Staten Island. Ten 
7-60 tape cassettes, about 10 hours of commentary, and a hardcover booklet 
X about 465 pp., 435 ill. About $100.00. Just Ready. Order #9893-X. 


[he hardcover manual is available separately. It's ideal for review- 
ng the basics of electrocardiography prior to board exams. Its 
succinct textual discussion alerts you to the salient features in the 
nany tracings, drawings, and radiographs which have been care- 
ully chosen to illustrate important clinical information. In almost 
avery instance, clinical-pathological correlation, cardiac catheter- 
zation, X-ray or non-invasive techniques have been used to verify 
all points of discussion. 


By Emanuel Stein. About 465 pp., 435 ill. Hard cover. About $10.00. Just 
Ready. Order #8585-4. 


JEPSON & FRANKL: Haematological Complications 
in Cardiac Practice 


This volume identifies the critical changes and compensatory 
mechanisms which occur in cardiac function as a result of anemias, 
hemaglobinopathies, and other hematologic disorders. It reveals 
the effects of drugs, including anticoagulants, on the interaction 
between the hematopoietic and cardiovascular systems. Problems 
caused by vascular prostheses and blood banking are detailed. 


Edited by J. H. Jepson, MD, CM, Prof. of Medicine and Director, Hematology 
and Oncology Division; and William S. Frankl, MD, Prof. of Medicine and 
Director, Cardiology Division; both of the Medical College of Pennsylvania; 
with 17 contributors. 293 pp. Illustd. $28.00. June 1975. Order #5120-8. 


KRIKLER & GOODWIN: Cardiac Arrhythmias: 
The Modern Electrophysiological Approach 


First-hand reports by leading European cardiologists teach you new 
diagnostic and therapeutic uses for data obtained from ECG's Im- 
portant areas explored by the contributors include: epicardial map- 
ping, His bundle electrography, programed electric stimulation of the 
heart, intracellular recordings of cardiac potentials, design and use of 
special pacemakers, and much more. 

Edited by Dennis M. Krikler, MD, FACC, Consultant Cardiologist; and John 
F. Goodwin, MD, FACC, Prof. of Clinical Cardiology; both of the Royal 
Postgraduate Medical School and Hammersmith Hospital, London,. About 255 
pp., 195 ill. Just Ready. Order #5516-5. 


Ww. B. SAUNDERS company 


West Washington Square, Philadelphia, Pa. 19105 


Prices subject to change. 





[ ro order titles on 30-day approval, enter order number and author: AJC 10/75 | 
AUTHOR ENAA 
AUTHOR 


© check enclosed—Saunders pays postage O send C.O.D. O bill me 


NAME (Please Print) 


ADDRESS 





NOW AVAILABLE... 





THE 
AMERICAN JOURNAL 
OF CARDIOLOGY 





YEAR 


CUMULATIVE 





INDEXE 


Covers all material published in THE AMERICAN 
JOURNAL OF CARDIOLOGY from January 1968 
through December 1972. 





e CLINICAL STUDIES 

e EXPERIMENTAL STUDIES 
e SYMPOSIA 

e REPORTS ON THERAPY 

e REVIEWS 

e SEMINARS 

e CASE REPORTS 

e DIAGNOSTIC SHELF 

e HISTORICAL MILESTONES 


Includes Author Index—and— Subject Index 

All subjects are cross indexed for quick and easy reference 
*There is a limited supply of the 10 Year Cumulative Index 
available — January 1958 through December 1967 — Price 
$10.00, While supply lasts order both for only $15.00. 


Please use order form below. 


THE AMERICAN JOURNAL OF CARDIOLOGY 
P.O. Box 1172, Radio City Station, New York, N.Y. 10019 


Send me THE AMERICAN JOURNAL OF CARDIOLOGY 
Cumulative Index or Indexes as checked below. 


O Enclosed is my check for $8 for 
5 YEAR CUMULATIVE INDEX 1968-1972 


O Enclosed is my check for $10 for 
10 YEAR CUMULATIVE INDEX 1958-1967 


O Enclosed is my check for $15 for both 
the 5 and 10 YEAR CUMULATIVE INDEXES 
Name BIS deli camem Ss NE 


Addres da RC TC WI Deu POTE LESE Serna 72 o PNIS UFRUM: IONS 


Ciz rui e tron sa ROS x 


Please add appropriate sales tax if in New York State 
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MONTTORING. 
UNCOMPLICATED. 


SENSITIVITY 


CDATASCOPE 
TYPE P2 


PRESSURE MODULE 
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The Swan-Ganz?* Catheter 
simplified monitoring. It took 
vou out of the cath lab and into 


ICU/CCU. 

The Datascope Wedge 
Pressure Group can simplify 
your job at the bedside even 
more. 

First, we've simplified the 
job of passing the catheter. 
Ours is the only monitor made 
that has an electronic cursor, a 


unique movable reference trace. 


It makes reading the pressure 
changes much easier, much 


DATASCOPE 


TYPE L PHYSIOLOGICAL ALARM 


rac 23/0: do OE NUT p P Rr i > 


DATAS 


DANGER—POSSIBLE EXPLOSION HAZARD IF USED IN: = ooo 
THE PRESENCE OF FLAMMABLE ANESTHETICS 2 PM 


faster, much more accurate. 

And once the catheter has 
been passed, we ve simplified 
the job of monitoring. In fact, 
we vetaken it to the point where 
the nursing staff can handle it 
without any assistance. 

If you've gotten used to big, 
bulky monitoring equipment, 
our wedge pressure group will 
come as a pleasant surprise. 

Its extremely light, and com- 
pact. It easily fits at bedside. 

And it’s portable. You can 
move it where you need it, 





when you need it. 

So you dont have to have 
a unit for every bed. 

Which not only makes life 
simpler for the people who use 
it, but also for the people who 
buy it. 

For more information on 
the Datascope Wedge Pressure 
Group, write: Datascope Corp., 
580 Winters Ave., Paramus, 
N.J. 07652. 


THE DATASCOPE 
MONITOR GROUP 


Registered Trademark of Edwards Laboratories, Division of American Hospital Supply Corp. 


ARE YOU STILL 
BORROWING 


BETTER 
OWN YOUR 
OWN! 





LARAGH’S HYPERTENSION MANUAL 


Edited by John Laragh,M.D.—A classic treatise 
for understanding, diagnosing and treating 
Hypertension. Published in February, 1974, 

it's already a standard reference work. 
—970 pages, 150 illustrations— 


PARTIAL LIST OF CONTRIBUTORS 


John H. Laragh ~ J.N. Cohn K. Engelman 

Sir George Pickering V. DeQuattro J.E. Sealey 

E.A. Lew J. Giese C.R. Ayers 

E.D. Freis A.R. Christlieb J.A. Wilber 

H.R. Brunner A.F. Lever J. Koch-Weser 

A.C. Guyton J.C. Hunt P. Kincaid-Smith 

L. Tobian, Jr. F.R. Buhler F.A. Finnerty 

H.P. Dustan E.G. Biglieri E.D. Vaughan 
D.R. LaBarthe 


ORKE MEDICAL BOOKS AJC-10 
36 Fifth Avenue, New York, New York 10019 


ənd me, postage paid, — copies of Laragh's Hyper- 
sion Manual: Mechanisms, Methods and Management. | 
rice: $37.00* each. (Foreign, add $2.00 for surface shipment; | 
1.00 for air shipment.) | 


Full payment enclosed. © Please bill me. O Intern, Resident, Student | 
(Special Price $35.00) 
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Peritrate SA sustained Action 
(pentaerythritol tetranitrate) 80mg 

CAUTION: Federal law prohibits dispensing 
without prescription. 

Description: Each tablet of Peritrate SA 
Sustained Action contains: pentaerythritol 
tetranitrate 80 mg (20 mg in immediate 
release layer and 60 mg in sustained release 
base). Peritrate* (pentaerythritol tetrani- 
trate) is a nitric acid ester of o tetrahydric 
alcohol (pentaerythritol). 


Indications: Based on a review of this drug 
by the National Academy of Sciences 
National Research Council and/or other 
information, FDA has classified the indica- 
tions as follows: 

“Possibly effective: Peritrate (penta- 
erythritol tetranitrate), is indicated for the 
relief of angina pectoris (pain associated 
with coronary artery disease). It is not 
intended to abort the acute anginal 
episode butit is widely regarded as use- 
ful in the prophylactic treatment of angina 
pectoris. 

Final classification of the less-than- 
effective indications requires further 
investigation. 


Contraindications: Peritrate SA Sustained 
Action (pentaerythritol tetranitrate) 80 mg is 
contraindicated in patients who have a history 
of sensitivity to the drug. 

Warning: Data supporting the use of Peritrate 
(pentaerythritol tetranitrate) during the 

early days of the acute phase of myocardial 
infarction (the period during which clinical 
and laboratory findings are unstable) are 
insufficient to establish safety. 

This drug can act as a physiological 
antagonist to norepinephrine, acetylcholine, 
histamine, and many other agents. 
Precautions: Should be used with caution in 
patients whe have glaucoma. Tolerance to 
this drug, arid cross-tolerance to other nitrites 
and nitrates may occur. 

Adverse Reactions: Side effects reported to 
date have been predominantly related to rash 
(which requires discontinuation of medication) 
and headache and gastrointestinal distress, 
which are usually mild and transient with con- 
tinuation of medication. In some cases severe 
persistent headaches may occur. 

In addition, the following adverse reactions 
to nitrates such as pentaerythritol tetranitrate 
have been reported in the literature: 

(a) Cutaneous vasodilatation with flushing. 

(b) Transient episodes of dizziness and 
weakness, as well as other signs of 
cerebral ischemia associated with 
postural hypotension, may occasionally 
develop. 

(c) An occasional individual exhibits marked 
sensitivity to the hypotensive effects of 
nitrite and severe responses (nausea, 
vomiting, weakness, restlessness, pallor, 
perspiration and collapse) can occur, 
even with the usual therapeutic doses. 
Alcohol may enhance this effect. 

Dosage: Peritrate SA Sustained Action 
(pentaerythritol tetranitrate) 80 mg (b.i.d. on 
an empty stomach), 1 tablet immediately on 
arising and 1 tablet 12 hours later. Tablets 
should not be chewed. 

Supplied: Peritrate SA Sustained Action 
(pentaerythritol tetranitrate) 80 mg, double 
layer, biconvex, dark green/light green tablets 
in bottles of 100 (N 0047-0004-51) and 1000 

(N 0047-0004-60). Also in unit dose — package 
of 10 x 10 strips (N 0047-0004-11). 

Additional Dosage Forms: Peritrate 20 mg — 
light green, scored tablets in bottles of 100 

(N 0047-0001-51) and 1000 (N 0047-0001-60). 
Also in unit dose — package of 10 x 10 strips 

(N 0047-0001-11). Peritrate 10 mg —light green, 
unscored tablets in bottles of 100 (N 0047- 
0007-51) and 1000 (N 0047-0007-60). 

Full information is available on request. 





For over 22 years, Peritrate” has been 
considered by many physicians as one 
of the top defensive measures for 
patients with angina pectoris. In many 
patients Peritrate used prophylactically 
helps decrease the frequency and sever- 
ity of angina attacks" With minimal 

side effects. 


Peritrate can also help reduce nitro- 
glycerin requirements and, therefore, 
nitroglycerin side effects. Is it any 
wonder so many physicians continue to 
prefer Peritrate prophylaxis for their 
angina patients? 


LONG-ACTING PROTECTION 
AGAINST ANGINA PAIN* 


Peritrate SA 


Sustained Action 
(pentaerythritol tetranitrate) 80mg 


Warner/Chilcott 


Div. Wařner:Lambert Company 
Morris Plains, NaJ. 07950 


The Great Wall of China, an immense 
1,400-mile-long man made barrier 20 to 
30 feet high and 15 to 20 feet thick, 
helped defend China from the attack of 
Mongol hordes for more than 2,000 years. 


"The drug has been evaluated as possibly 
effective for this indication. 
See brief summary. 
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Acardiac patients anxiety 
and associated depressive symptoms 
can often delay active participation 
in rehabilitation for days or even weeks. 


In the hospital’s protective atmos- 
sre, the cardiac patient may have 
ied reasonably calm and coopera- 

>—well on his way to the kind of emo- 
nal adjustment that many patients 
nage to make after a heart attack. But 
w he's back home, and must face the 
»wledge that life may never again be 
te the same. Suddenly, he may be- 
ne more anxious than he's ever been 
ore. More fearful about the future. 

d his steadily mounting anxiety and 
sion—often accompanied by associ- 
1 depressive symptoms—can make it 
icult for him to attempt rehabilitation. 





In time, many such patients respond 
l to your continued support and 
nseling efforts. But when excessive 
chic tension—with or without associ- 
1 depressive features—continues to 
'ede rehabilitative progress, Valium 
izepam) can be extremely helpful. 
e psychotherapeutic effect of Valium 
equently both pronounced and 
id: quite often, the patient experi- 
es significant relief of emotional dis- 
s during the first few days of therapy 
lis, therefore, ready that much 

ner to take a more active part in his 
n recovery. (Some patients, of 
irse, may require more time to obtain 
ear-cut response.) 


An important advantage in treating 
tbe cardiac patient: Valium (diazepam) 
is used with most classes of primary 
medications such as cardiac glycosides, 
anticoagulants, diuretics and vasodila- 
tors. Since it’s available as scored tablets, 
Valium allows you to set, adjust and re- 
adjust dosage as appropriate during ther- 
apy. And it’s often helpful to add an h.s. 
dose to a b.i.d. or t.i.d. regimen if the 
patient's anxiety and secondary depres- 
sive symptoms worsen at bedtime. 

In recommended doses, oral 
Valium generally does not cause signifi- 
cant adverse effects on vital signs; how- 
ever, lower initial doses (2 to 2/5 m 
once or twice daily) should be used with 
elderly or debilitated patients to help 
avoid ataxia or oversedation. Physicians 
should be aware of the possibility of 
other side effects described in complete 
product information. 


Before prescribing, please see 
complete product information, 
a summary of which appears on 
the next page. 
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(diazepam) 


2-mg, 5-mg, 10-mg scored tablets 
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Prompt and effective action 
Valium acts promptly to help relieve psychic ten- 
sion and its associated depressive symptoms in the 
psy choneurotic cardiac patient. 





Wide margin of safety 

At recommended dosages, oral Valium is generally 
well tolerated and does not significantly affect 
respiration, pulse or heart rate. 


Before prescribing, please consult complete 
product information, a summary of which follows: 

Indications: Tension and anxiety states; somatic 
complaints which are concomitants of emotional fac- 
tors; psychoneurotic states manifested by tension, anxi- 
ety, apprehension, fatigue, depressive symptoms or 
agitation; symptomatic relief of acute agitation, tremor, 
delirium tremens and hallucinosis due to acute alcohol 
withdrawal; adjunctively in skeletal muscle spasm due 
to reflex spasm to local pathology; spasticity caused by 
upper motor neuron disorders; athetosis; stiff-man syn- 
drome; convulsive disorders (not for sole therapy). 

Contraindicated: Known hypersensitivity to the 
drug. Children under 6 months of age. Acute narrow 
angle glaucoma; may be used in patients with open 
angle glaucoma who are receiving appropriate therapy. 

Warnings: Not of value in psychotic patients. 
Caution against hazardous occupations requiring com- 
plete mental alertness. When used adjunctively in 
convulsive disorders, possibility of increase in frequency 
and/or severity of grand mal seizures may require 
increased dosage of standard anticonvulsant medication; 
abrupt withdrawal may be associated with temporary 
increase in frequency and/or severity of seizures. Advise 
against simultaneous ingestion of alcohol and other 
CNS depressants. Withdrawal symptoms (similar to 
those with barbiturates and alcohol) have occurred 
following abrupt discontinuance (convulsions, tremor, 
abdominal and muscle cramps, vomiting and sweating). 
Keep addiction-prone individuals under careful sur- 
veillance because of their predisposition to habituation 
and dependence. In pregnancy, lactation or women of 
childbearing age, weigh potential benefit against possi- 
ble hazard. 

Precautions: If combined with other psycho- 
tropics or anticonvulsants, consider carefully pharma- 
cology of agents employed; drugs suchas phenothiazines, 
narcotics, barbiturates, MAO inhibitors and other anti- 


BBS For the cardiac patients — 
! psychoneurotic anxiety and 
| associated depressive symptoms. 


Valium (diazepam) 


2-mg, 5-mg, 10-mg scored tablets 


Flexible dosage 

Valium, available as 2-mg, 5-mg and 10-mg scor 
tablets, allows dosage to be easily readjusted to 
suit patients’ changing needs. 


Predictable pharmacokinetically 
Pharmacokinetic studies of Valium demonstrate 
highly predictable pattern of absorption, distrib 
tion, metabolism and excretion. 


depressants may potentiate its action. Usual precautiot 
indicated in patients severely depressed, or with latent 
depression, or with suicidal tendencies. Observe usual 
precautions in impaired renal or hepatic function. Lim 
dosage to smallest effective amount in elderly and deb: 
itated to preclude ataxia or oversedation. 

Side Effects: Drowsiness, confusion, diplopia, 
hypotension, changes in libido, nausea, fatigue, depres 
sion, dysarthria, jaundice, skin rash, ataxia, constipatic 
headache, incontinence, changes in salivation, slurred 
speech, tremor, vertigo, urinary retention, blurred 
vision. Paradoxical reactions such as acute hyperexcite 
states, anxiety, hallucinations, increased muscle spas- 
ticity, insomnia, rage, sleep disturbances, stimulation 
have been reported; should these occur, discontinue 
drug. Isolated reports of neutropenia, jaundice; perioc 
blood counts and liver function tests advisable during 
long-term therapy. 

Dosage: Individualize for maximum beneficial 
effect. Adults: Tension, anxiety and psychoneurotic 
states, 2 to 10 mgb.i.d. to q.i.d.; alcoholism, 10 mg t.i. 
or q.i.d. in first 24 hours, then 5 mg t.i.d. or q.i.d. as 
needed; adjunctively in skeletal muscle spasm, 2 to 1( 
mg t.i.d. or q.i.d.; adjunctively in convulsive disorders 
to 10 mg b.i.d. to q.i.d. Geriatric or debilitated patient 
2 to 2V? mg, 1 or 2 times daily initially, increasing as 
needed and tolerated. (See Precautions.) Children: 11 
2V5 mg t.i.d. or q.i.d. initially, increasing as needed an 
tolerated (not for use under 6 months). 

Supplied: Valium®(diazepam) Tablets, 2 mg, 5 
and 10 mg—bottles of 100 and 500; Tel-E-Dose® 
packages of 100, available in trays of 4 reverse-numb 
boxes of 25, and in boxes containing 10 strips of 10; I 
scription Paks of 50, available singly and in trays of 1 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 


— —É O achieve and maintain such If you would like to Know 
throughout the world specify the clear-cut leadership, SKI provides. more about the Ekoline 20, cal 
Ekoline 20" more Often than all Superior Instrumentation and or write Smith Kline Instru men 
other ultrasonoscopes combined. unsurpassed product support, Inc., Dept. U, 880 W Maude A 

And in 9 out of 10 published including a clinically trained sales Sunnyvale, Ca 9408 
echocardiog raphic studies. the Staff, a top technical staff, and SKI (408) 732-6000. 
Ekoline 20 is the instrument used. worldwide service centers. 


A Subsidiary of SmithKline Coi po 


Number One 
for ten straight years. 





In this age of synthetics 
you can choose a natural vegetable laxative 


| © tablet 
Senokot 


granules 
(standardized senna concentrate) 



















Natural senna from The 
Cassia acutifolia planthas beer 
used as a laxative for over, 3000 
years. Purified and standardized fo 
uniform action in SENOKOT prep: 
arations, it offers virtually colon 
specific, gentle, predictable over 
night laxation...virtually free o 
side effects when given d 
proper dosage levels. 
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OF ANTIHYPERTENSIVE THERAPY 






Vhen drug therapy is indicated in hypertension, HydroDIURIL has 
roven to be a clinically useful baseline agent 

“he antihypertensive effect of HydroDIURIL is usually maintained 
hroughout long-term therapy 

Vhen additional therapy is warranted, HydroDIURIL may be used in 
:ombination with other antihypertensive agents. HydroDIURIL 

nay add to or potentiate the action of other antihypertensive drugs. 
rherefore, careful observations for changes in blood pressure 

nust be made. 


2ontraindications include anuria and hypersensitivity to hydro- 
:hlorothiazide or other sulfonamide-derived drugs. Use with caution 
n patients with severe renal disease, impaired hepatic function, 

yr progressive liver disease. 





Because of the importance of 
patient motivation, Merck 
Sharp & Dohme offers “High 
Blood Pressure," a concise, 
pocket-sized booklet that 
defines the patient's own role 
in the management of hyper- 
tension. This booklet is avail- 
able for you to give to your 
patients. It is designed to 
reinforce your explanation of 
hypertension and it emphasizes 
the importance of patient 
understanding in adhering to 
the regimen you prescribe. 









TABLETS, 25 mg, 50 mg, and 100 mg 


roDIURIL 







HydroDIU 
Hydrochlorothiazide | MSD) 


ughly effective, 
single-entity — 
antihypertensive 









Please ask your Merck Sharp & 
Dohme Professional Represen- 
tative or write Professional 
Service Department, West 
Point, Pa. 19486 for a supply 

of this booklet. 
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or a brief summary of prescribing information, please see following page. SENA 
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-(Hydrochlorothiazide | MSD 


highly effective, 
single-entity antihypertensive 


Contraindications: Anuria; hypersensitivity 
to this or other sulfonamide-derived drugs; 
routine use in an otherwise healthy pregnant 
woman with or without mild edema. 
Warnings: Use with caution in severe renal 
disease since thiazides may precipitate 
azotemia. Cumulative effects may develop in 
patients with impaired renal function. Use with 
caution in patients with impaired hepatic func- 
tion or progressive liver disease, since minor 
-alterations of fluid and electrolyte balance may 
precipitate hepatic coma. May add to or poten- 
tiate action of other antihypertensive drugs; 
potentiation occurs with ganglionic or 
peripheral adrenergic blocking drugs. Sen- 
sitivity reactions may occur in patients with or 
without a history of allergy or bronchial 
asthma. Possibility of exacerbation or activa- 
tion of systemic lupus erythematosus has been reported. Lithium generally 
should not be given with diuretics because they reduce its renal clearance and 
add a high risk of lithium toxicity. Read circulars for lithium preparations before 
use of such concomitant therapy. 


Use in pregnancy: Thiazides cross placental barrier and appear in cord blood; 
in pregnancy or in women of childbearing potential, weigh anticipated benefit 
against possible hazards, including fetal or neonatal jaundice, throm- 
bocytopenia, and possibly other adverse reactions that have occurred in adults. 


Nursing mothers: Thiazides appear in breast milk; if use of drug is deemed es- 
sential. patient should stop nursing. 


Precautions: Perform periodic determination of serum electrolytes to detect possi- 
ble electrolyte imbalance. Observe all patients for clinical signs of fluid or electrolyte 
imbalance, namely, hyponatremia, hypochloremic alkalosis, and hypokalemia. Serum 
and urine electrolyte determinations are particularly important when patient is vomit- 
ing excessively or receiving parenteral fluids. Medication such as digitalis may also in- 
fluence serum electrolytes. Warning signs, irrespective of cause, are dryness of mouth, 
thirst, weakness, lethargy, drowsiness, restlessness, muscle pains or cramps, muscu- 
lar fatigue, hypotension, oliguria, tachycardia, and gastrointestinal disturbances such 
as nausea and vomiting. Hypokalemia may develop, especially with brisk diuresis, in 
severe cirrhosis, with concomitant corticosteroid or ACTH therapy, or with inadequate 
oral electrolyte intake. Hypokalemia can sensitize or exaggerate response of heart to 
toxic effects of digitalis (e.g., increased ventricular irritability). Hypokalemia may be 
avoided or treated by use of potassium supplements, such as foods with a high 
potassium content. Any chloride deficit is generally mild and usually does not require 
specific treatment except under extraordinary circumstances (as in liver disease or 
renal disease). Dilutional hyponatremia may occur in edematous patients in hot 
weather; appropriate therapy is water restriction, rather than administration of salt ex- 
cept in rare instances when the hyponatremia is life threatening. In actual salt deple- 
tion, appropriate replacement is the therapy of choice. 

Hyperuricemia may occur or frank gout may be precipitated in certain patients. 
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25mg 50mg 100mg 





Insulin requirements in diabetic patients may 
be increased, decreased, or unchanged; latent 
diabetes mellitus may become manifest. 
Thiazides may increase responsiveness to 
tubocurarine. Antihypertensive effects of the 
drug may be enhanced in postsympathectomy 
patients. May decrease arterial responsiveness 
to norepinephrine; this diminution is not suffi- 
cient to preclude effectiveness of the pressor 
agent for therapeutic use. If progressive renal 
impairment becomes evident, consider with- 
holding or discontinuing diuretic therapy. 
Thiazides may decrease serum PBI levels with- 
out signs of thyroid disturbance. Calcium ex- 
cretion is decreased by thiazides. Patho- 
logical changes in the parathyroid gland with 
hypercalcemia and hypophosphatemia have 
been observed in a few patients on pro- 
longed therapy; thiazides should be discontinued before testing for parathyroid 
function 

Adverse Reactions: Gastrointestinal System—Anorexia; gastric irritation; 
nausea; vomiting; cramping; diarrhea; constipation; jaundice (intrahepatic 
cholestatic jaundice); pancreatitis; sialadenitis. 

Central Nervous System —Dizziness; vertigo; paresthesias; headache; xanthopsia. 
Hematologic — Leukopenia; agranulocytosis; thrombocytopenia; aplastic anemia. 
Cardiovascular— Orthostatic hypotension (may be aggravated by alcohol, bar- 
biturates, or narcotics) 

Hypersensitivity—Purpura; photosensitivity; rash; urticaria; necrotizing 
angiitis (vasculitis) (cutaneous vasculitis); fever; respiratory distress including 
pneumonitis; anaphylactic reactions. 

Other— Hyperglycemia; glycosuria; hyperuricemia; muscle spasm; weakness; 
restlessness; transient blurred vision. 

Whenever adverse reactions are moderate or severe, thiazide dosage should be 
reduced or therapy withdrawn. 

Note: When used with other antihypertensive drugs, careful observations for changes 
in blood pressure must be made, especially during initial therapy. Dosage of other anti- 
hypertensive agents must be reduced by at least 50 percent as soon as this drug is ad- 
ded to the regimen. As blood pressure falls under the potentiating effect of this agent, 
further reduction in dosage, or even discontinuation, of other antihypertensive drugs 
may be necessary. 

How Supplied: Tablets containing 25 mg hydrochlorothiazide 
each in bottles of 100 and 1000 and single-unit packages of 100; 
Tablets containing 50 mg hydrochlorothiazide each in bottles of 
100, 1000, and 5000 and single-unit packages of 100; Tablets 
containing 100 mg hydrochlorothiazide each in bottles of 100. 
For more detailed information, consult your MSO repre- MERCK 





sentative or see full prescribing information. Merck 
Sharp & Dohme, Division of Merck & Co., Inc., West Point, 
Pa. 19486 
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AND MORE! 


ONLY : 
THE USCI-POSITROL II™ CATHETE 
COMBINES ALL THESE FEATURES 


Exclusive Smooth, High Gloss Finish 
Excellent Tip Curve Memory 
Excellent- Torque Control 


Wire-Reinforced Polyurethane Shaft 

Metal Luer Lock Fitting 

High Pressure Tolerance (1000 psi) | 
Excellent Flow Hates 


Sterile Packaged 
Excellent Radiopacity T A DIVISION OF C. R. BARD, INC. 
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of Dyrenium® (triamterene, SK&F) 
and 25 mg. of hydrochlorothiazide. 


- 





MAKES SENSE 


‘Trademark 


TRIAMTERENE CONSERVES POTASSIUM 
WHILE HYDROCHLOROTHIAZIDE 
LOWERS BLOOD PRESSURE 


FOR LONG-TERM CONTROL 
OF HYPERTENSION? serum K+ and BUN should be checked periodically. (See Warnings Section.) 





Before prescribing, see complete prescribing in- 
formation in SK&F literature or PDR. The fol- 
lowing is a brief summary. 


Warning 

This fixed combination drug is not indi- 
cated for initial therapy of edema or hyper- 
tension. Edema or isedension requires 
therapy titrated to the individual patient. If 
the fixed combination represents the dosage 


so determined, its use may be more convenient 
in patient management. The treatment of 
hypertension and edema is not static, but 
must be reevaluated as conditions in each 
patient warrant. 


* Indications: Edema: That associated with con- 
gestive heart failure, cirrhosis of the liver, the 
nephrotic syndrome; steroid-induced and idio- 
pathic edema; edema resistant to other diuretic 
therapy. Mild to moderate hypertension: Useful- 
ness S the triamterene component is limited to 
its potassium-sparing effect. 


Contraindications: Pre-existing elevated serum 
potassium. Hypersensitivity to either component. 
Continued use in progressive renal or hepatic 
dysfunction or developing hyperkalemia. 


Warnings: Do not use dietary potassium supple- 
ments or potassium salts unless hypokalemia 
develops or dietary potassium intake is markedly 
impaired. Enteric-coated potassium salts may 
cause small bowel stenosis with or without 
ulceration. Hyperkalemia (75.4 mEq/L) has 





~a n" 


been reported in 4% of patients under 60 years, 
in 1296 of patients over 60 years, and in less than 
8% of patients overall. Rarely, cases have been 
associated with cardiac irregularities. Accord- 
ingly, check serum potassium during therapy, 
particularly in patients with suspected or con- 
firmed renal insufficiency (e.g., elderly or dia- 
betics). If hyperkalemia develops, substitute a 
thiazide alone. If spironolactone is used con- 
comitantly with 'Dyazide', check serum potas- 
sium frequently —both can cause potassium 
retention and sometimes hyperkalemia. Two 
deaths have been reported in patients on such 
combined therapy (in one, recommended dosage 
was exceeded; in the other, serum electrolytes 
were not properly monitored). Observe patients 
on 'Dyazide' regularly for possible blood 
dyscrasias, liver damage or other idiosyncratic 
reactions. Blood dyscrasias have been reported 
in patients receiving Dyrenium (triamterene, 
SK&F). Rarely, leukopenia, thrombocytopenia, 
agranulocytosis, and aplastic anemia have been 
reported with the thiazides. Watch for signs of 
pei coma in acutely ill cirrhotics. Thia- 
zides are reported to cross the placental barrier 
and appear in breast milk. This may result in 
fetal or neonatal hyperbilirubinemia, thrombo- 
cytopenia, altered carbohydrate metabolism and 
possibly other adverse reactions that have oc- 
curred in the adult. When used during pregnancy 
or in women who might bear children, weigh 
otential benefits against possible hazards to 
etus. 


Precautions: Do periodic serum electrolyte and 


BUN determinations. Do periodic hematologic 
studies in cirrhotics with splenomegaly. Anti- 
hypertensive effects may be enhanced in post- 
sympathectomy patients. The following may 
occur: hyperuricemia and gout, reversible nitrogen 
retention, decreasing alkali reserve with possible 
metabolic acidosis, hyperglycemia and glycosuria 
(diabetic insulin requirements may be altered), 
digitalis intoxication (in hypokalemia). Use 
cautiously in surgical patients. Concomitant use 
with antihypertensive agents may result in an 
additive hypotensive effect. ‘Dyazide’ interferes 
with fluorescent measurement of quinidine. 


Adverse Reactions: Muscle cramps, weakness, 
dizziness, headache, dry mouth; anaphylaxis; 
rash, urticaria, photosensitivity, purpura, other 
dermatological conditions; nausea and vomiting 
(may indicate electrolyte imbalance), diarrhea, 
constipation, other gastrointestinal disturbances. 
Necrotizing vasculitis, paresthesias, icterus, 
pancreatitis, xanthopsia and, rarely, allergic 
pneumonitis have occurred with thiazides alone. 


Supplied: Bottles of 100 capsules; in Single Unit 
PARERS of 100 (intended for institutional use 
only). 


SK&F Co., Carolina, P.R. 00630 


Subsidiary of SmithKline Corporation 
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has shown 
proof 


of stability 


‘here are alot of ways to say “stable” when you're 
Jealing with nitroglycerin. Some more meaning- 
Jl than others. | 

That's why the testing of Nitrostat includes tests 
o simulate, as closely as possible, the actual con- 
jitions of use. 

For example, we test for wickability — a Parke- 
Javis test (the time in seconds required for water 
O wet the tablet completely by capillary action 
inder controlled conditions) — to simulate under- 
he-tongue conditions. 


Heat-stable? Yes. Up to 45 C (113F) (consider- 
ibly higher than your patient's pocket tempera- 
ure). See graph. 

What's more, the crucial question of mainte- 
vance of content uniformity of nitroglycerin is 
inswered by Nitrostat as proved by assay. 


Potency? The average assay still shows almost 
00% of label claim more than 30 months after 





manufacture: less char 
a superpotent or, mor 
tablet. 


0.3 mg (1/200 gr) Lot T-10587, Stored a 
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lar for the 0.4-mg and the 0.6-mg strengths.) 
Disintegration? We: 
800 ml of water — all ta 
within 30 seconds (USI 
Dissolution? Using 
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„the tested and proved one 


O Patient booklets: 


PHYSICIAN'S NAME 


ADDRESS 


Fi tps steele up mp vmm) qup cms m o | 


Please have representative deliver a supply of the 
following. (Check block) 


"What you should know about angina." 
O Patient starter packages of Nitrostat® 


(nitroglycerin tablets, USP) 
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Revolutionary in its smalines 
(illustration i5 actual size) 
And revolutionary in the fact 
that bipolar and unipolar mw 
are now the same size 

Ihe XvrRON'" pulse 
generator is evolutionary, to 
It features the familiar quality 
reliability and performance 
Characteristics that today mh 
Medtronic the pacemaker o 
choice throughout the worl 
With advantages like 
Energy Conservation and 
Energy Compensation. Plus 
proven Gouble-barnet 
power cell 


XYIRON". A small revolt 
The next logical step forware 
pacemaking 

Medtronic maintains a 
worldwide network of office: 
and representatives to serve 
medical profession. Check 
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WAX: WHAT IT DID 

FOR THE 
HONEYCOMB 

IT NOW DOES FOR 
POTASSIUM CHLORIDE. 


WARREN-TEED ANNOUNCES 


(potassium chloride) 


— Potassium chloride imbedded in a wax matrix 

to provide controlled release, thus minimizing possible 
high local concentration of potassium ion near the 
bowel wall. The newest idea in potassium 

chloride supplements is as old as the beehive. 

Wax... provides an effective vehicle to imbed KCI 
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ew Kaon-CL Tabs” 
potassium chloride) 

prolong the release of KCI to minimize 
he likelihood of producing high localized 


oncentrations of potassium within the G.I. tract... 


Drotect your patient from the risk of hypoka- 
emia or digitalis intoxication due to potassium 
Jepletion that diet alone cannot correct... 


bromote adherence to medication schedule 
by relieving the patient of the inconvenience 
Df liquids... 


hree-way convenience 


or your patients on KCI Supplements... 


because there's no palatability problem 
because there's no dilution problem 


because tablets are physically easier to 
arry—and to take—than liquids... 
an especially welcome advantage 
away from home —encouraging adherence 


Hi 
| 


= \\ 
A 
» The controlled releose 
A KCI Tablet that protects your 
patients on diuretics or digitalis 


s against hypokalemia due to potassium depletion 
that cannot be adequately replaced by diet alone 


m against the inconvenience of —and often 
confusion over— dilution of liquid supplements 


m from taste-fatigue associated with liquids 


Dosage: Prophylactic: 20 mEq. daily (| tab T.I.D.) 
Therapeutic: 40-100 mEq. daily 
See following page for brief summary. 
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KAON-CLTABS" . 
(Potassium Chloride) 
CONTROLLED RELEASE TABLETS 


Description: Kaon-CL Tabs is a sugar coated (not enteric-coated) 
tablet containing 500 mg. potassium chloride (equivalent to 6.67 
MEg potassium chloride) in a wax matrix. This formulation is in- 
tended to provide a controlled release of potassium from the matrix 
to minimize the likelihood of producing high localized concentra- 
tions of potassium within the gastrointestinal tract. . 
Indications: Kaon-CL Tabs is indicated for the treatment of potas- 
sium depletion in patients with hypokalemia and metabolic alkalo- 
sis, and for the treatment of digitalis intoxication. During therapy 
serum potassium levels should be monitored and the dosage ti- 
trated to achieve the desired clinical and laboratory effects. 
Kaon-CL Tabs is also indicated for the prevention of potassium de- 
pletion when the dietary intake of potassium is inadequate for this 
purpose. The prophylactic administration of potassium ion may be 
indicated in patients receiving digitalis and diuretics for the treat- 
ment of congestive heart failure, hepatic cirrhosis with ascites, 
patients with hypertension on long-term diuretic therapy, hyperal- 
dosteronism states with normal renal function, the nephrotic syn- 
drome, and certain diarrheal states. 

Contraindications: Potassium supplements are contraindicated in 
patients with hyperkalemia since a further increase in serum potas- 
sium concentration in such patients can produce cardiac arrest. 
Hyperkalemia may complicate any of the following conditions: 
Chronic renal failure, systemic acidosis such as diabetic acidosis, 
acute dehydration, extensive tissue breakdown as in severe burns, 
adrenal insufficiency, or the administration of a potassium-sparing 
diuretic (e.g., spironolactone, triamterene). 

Wax-matrix potassium chloride preparations have produced 

esophageal ulceration in certain cardiac patients with esophageal 
compression due to enlarged left atrium. Potassium supplementa- 
tion, when indicated in such patients, should be with a liquid 
preparation. 
Warnings: |n patients with impaired mechanisms for excreting po- 
tassium, the administration of potassium salts can produce hyper- 
kalemia and cardiac arrest. This occurs most commonly in patients 
given potassium by the intravenous route but may also occur in 
patients given potassium orally. Potentially fatal hyperkalemia can 
develop rapidly and be asymptomatic. The use of potassium salts 
in patients with chronic renal disease, or any other condition which 
impairs potassium excretion, requires particularly careful monitoring 
of the serum potassium concentration and appropriate dosage 
adjustment. 

Hypokalemia should not be treated by the concomitant adminis- 
tration of potassium salts and a potassium-sparing diuretic (e.g., 
spironolactone or triamterene) since the simultaneous administra- 
tion of these agents can produce severe hyperkalemia. 

Potassium chloride tablets have produced stenotic and/or ulcera- 
tive lesions of the small bowel and deaths. These lesions are 
caused by a high localized concentration of potassium ion in the 
region of a rapidly dissolving tablet, which injures the bowel wall 
and thereby produces obstruction, hemorrhage, or perforation. 
Kaon-CL Tabs (potassium chloride) is a wax-matrix tablet formu- 
lated to provide a controlled rate of release of potassium chloride 
and thus to minimize the possibility of a high local concentration of 
potassium ion near the bowel wall. While the reported frequency of 
small bowel lesions is much less with wax-matrix tablets (less than 
one per 100,000 patient-years) than with enteric coated potassium 
chloride tablets (40-50 per 100,000 patient-years), a few cases asso- 
ciated with wax-matrix tablets have been reported. These data are 
from foreign marketing experience. Kaon-CL Tabs should be discon- 
tinued immediately and the possibility of bowel obstruction or per- 
foration considered if severe vomiting, abdominal pain, distention, 
or gastrointestinal bleeding occurs. 

Hypokalemia in patients with metabolic acidosis should be treated 

with an alkalinizing potassium salt such as potassium bicarbonate, 
potassium citrate, potassium acetate, or potassium gluconate. 
Precautions: The diagnosis of potassium depletion is ordinarily 
made by demonstrating hypokalemia in a patient with a clinical 
history suggesting some cause for potassium depletion. In inter- 
preting the serum potassium level, the physician should bear in 
mind that acute alkalosis per se can produce hypokalemia, in the 
absence of a deficit in total body potassium, while acute acidosis 
per se can increase the serum potassium concentration into the 
normal range even in the presence, of a reduced total body potas- 
sium. The treatment of potassium depletion, particularly in the 
presence of cardiac disease, renal disease, or acidosis, requires 
careful attention to acid-base balance and appropriate monitoring 
of serum electrolytes, the electrocardiogram, and the clinical sta- 
tus of the patient. 
Adverse Reactions: The most common adverse reactions to oral 
potassium salts are nausea, vomiting, abdominal discomfort and 
diarrhea. These symptoms are due to irritation of the gastrointesti- 
nal tract and are best managed by diluting the preparation further, 
taking the dose with meals, or reducing the dose. 

The most severe adverse effects are hyperkalemia (see Contrain- 
dications, Warnings and Overdosage) and gastrointestinal obstruc- 
tion, bleeding or perforation (see Warnings). 

Overdosage: The administration of oral potassium salts to persons 
with normal excretory mechanisms for potassium rarely causes seri- 
ous hyperkalemia. However, if excretory mechanisms are impaired 
or if potassium is administered too rapidly intravenously, poten- 


.tially fatal hyperkalemia can. result (see Contraindications and 


Warnings). It is important to recognize that hyperkalemia is usually 
asymptomatic and may be manifested only by an increased serum 
potassium concentration and characteristic electrocardiographic 
changes (peakíng of T-waves, loss of P-wave, depression of S-T 
segment, and prolongation of the QT interval). Late manifestations 
include muscle-paralysis and cardiovascular collapse from cardiac 
arrest. 

Dosage and Administration: Dosage must be adjusted to the indi- 
vidual needs of each patient but is typically in the range of 20 mEq. 
per day for the prevention of hypokalemia to 40-100 mEq, per day or 
more for the treatment of potassium depletion. 

One Kaon-CL Tabs three times daily provides 20 mEq. of potas- 
sium chloride. Two Kaon-CL Tabs three times daily provides 40 
mEq. of potassium chloride. | ^j 
Caution: Federal law prohibits dispensing without prescription. 


 WARREN-TEED 


PHARMACEUTICALS INCORPORATED 
| SUBSIDIARY OF AROHM AND HAAS COMPANY 





SN ZIP 12 ee cn aay E mN EFAN PRT TEA X a 
EM Sails a i te tel a mm EXC S Dae NS 





RU AS e Am NOUS. 


| 
WANT FASTER SERVICE? | 


| 
| 
| Ifyou... Change your Address? 
| 
| 


. . . Need Information? 
ATTACH YOUR PRESENT ADDRESS LABEL BELOW 


AFFIX LABEL 


If you have a new address please print it 
below. You MUST include your ZIP code. Post 
Office rules will not permit us to send your 
magazine to you without it. 





ADDRESS 





CRY Ss SL STATE Se 





Clip this entire form and attach it to any other 
correspondence you may have for us and mail 
Dess 


American Journal of Cardiology 
Dun-Donnelley Publishing Corporation 
Yorke Medical Journals 
Circulation Department 


666 Fifth Avenue, New York, N.Y. 10019 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
; 
| 
| 
| 
| NAME 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
i 
| 
| 
i 


Re as e A a ak ec cee oe 


Og ak eth a alle died 












Digital display of cardiac output 
directly in liters per minute. That's the first 
feature physicians look for in our Model 9510 
Cardiac Output Computer. 

But in the ICU/CCU environment, 
where measurements of cardiac output via 
thermodilution are becoming increasingly 
important in the proper assessment of the 
critically ill, computer versatility and accuracy 
are major considerations. 

In this respect, our new Model 9510 
fills the need precisely. In the critically ill 
patient, clinical parameters can change rapidly. 
Accordingly, all instrument controls are front- 
pone mounted and can be easily adjusted in 





Bo Both patient temperature and injec- 
e temperature are dynamic variables. The 
ability to rapidly upd 





e and fine tune these trica 





har ael rr eve 
a lot more than meets the 


of various volumes of cold or room tempera- 
ture injectate, facilitates precise and accurate 
clinical analysis. 

Too, the Model 9510 was designed 
specifically for use with SWAN-GANZ * 
Flow-Directed Thermodilution Catheters, 
Their multilumen design allows assessment. 
of right and left heart filling pressures, in 
addition to cardiac output. 

Other major features include 
simplicity of operation; 3-2.4?6, 3- 3.096 
reproducibility with iced and room 
temperature injectate respectively (mean 
deviation of sequential measurements in 
controlled clinical studies); automatic 

itegration of the dilution curve; provision — 
fo ‘cath eter circuitry checkout prior to 
ertion; and a portable, self-contained, 
perated module, with total elec- 
Dlation for patient safety. 













literature describing the 2 N 
cardiac output technique, or a product = 
demonstration, please write Edwards | 3 


Laboratories, 17221 Red Hill Avenue, RO. | 
Box 11150, Santa Ana, California 92711, | 
| 714/557-8910, Cable: EDSLAB, Telex: 68:5567. 





It your angina patient 





isnt having 3 out of 4 
better days than usual... 





INDICATIONS: For the prophylaxis and 
long-term treatment of patients with fre- 
quent or recurrent anginal pain and re- 
duced exercise tolerance associated with 
angina pectoris, rather than for the treat- 
ment of the acute attack of angina pec- 
toris, since its onset of action is somewhat 
Slower than that of nitroglycerin. 
PRECAUTIONS: As with other effective 
nitrates, some fall in blood pressure may 
occur with large doses. 

Caution should be observed in admin- 
istering the drug to patients with a history 
of recent cerebral hemorrhage. because 
of the vasodilatation which occurs in the 
area. Although therapy permits more 
normal activity, the patient should not be 
allowed to misinterpret freedom from 
anginal attacks as a signal to drop all 
restrictions. 

SIDE EFFECTS: No serious side effects 
have been reported. In sublingual therapy 
a tingling sensation (like that of nitro- 
glycerin) may sometimes be noted at 

the point of tablet contact with the mucous 
membrane. If objectionable, this may be 
mitigated by placing the tablet in the 
buccal pouch. As with nitroglycerin or 
other effective nitrites, temporary vascular 
headache may occur during the first few 
days of therapy. This can be controlled by 
temporary dosage reduction in order to 
allow adjustment of the cerebral hemo- 
dynamics to the initial marked cerebral 
vasodilatation. These headaches usually 
disappear within one week of continuous 
therapy but may be minimized by the 
administration of analgesics. 

Mild gastrointestinal disturbances occur 
occasionally with larger doses and may 
be controlled by reducing the dose tem- 
porarily. 

SUPPLIED: 10 mg chewable tablets, bot- 
tle of 100. Also 5, 10 and 15 mg scored 
tablets in bottles of 100. 10 mg scored 
tablets also supplied in bottle of 1,000. 

Also available: Cardilate- P brand 
Erythrityl Tetranitrate with Phenobarbital* 
(*Warning: may be habit-forming). 

1. Russek Hl: AM J M Sc 239:478, 1960 


R Burroughs Wellcome Co. 
Research Triangle Park 


try 





Cardilate 


ERYTHRITYL TETRANITRATE) 


“Please note: unstable angina patients may be refractory to all long-acting nitrates 


"Pain days significantly re- 
duced with Cardilate' (eryth- 
rityl tetranitrate) in 48-patient 
study.! Patients on placebo ex- 
perienced same pain as usual 
or increased pain 2 days out of 
3...compared to 1 day out of 4 
while on Cardilate 





Rapid-acting chewable tablets 
(10mg) preferred by many pa- 
tients. Should be given before 
anticipated periods of stress to 
produce an action within 5 
minutes and lasting up to 2 
hours. Sublingual tablets also 
available. 





Effective prophylaxis against 
attacks; increases exercise tol- 
erance. Serious side effects 
have not been reported in 20 
years clinical use. 


Cardilate can save patients 
money; is less expensive than 
many popular long-acting ni- 
trates. 20% to 30% savings not 


uncommon. „also helps re- 
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Ick 


the proper technic for avoiding somatic trem- 
or artifact. And the Burdick AC Interfer- 
ence Locator, a device for identifying the 
source of electrostatic or electromagnetic 


interference. 
With the combination of an EK-5A, thorough 


trocardiograph Technician Training Program, 
which demonstrates, among other things, 
technician training, and a proper environment, 


arates 


Ho 
Burd 
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boom the cannons of “The 1812 Overture” will 
also hiss the dust of the record. Similarly, an 
EK-5A, that’s hi-fi enough to register minute 
voltages important to accurate diagnosis, will 
also register subtle interference, or artifact. 

But we think you shouldn't have to take the bad 


A stereo with the high-frequency range to tweet 
electrocardiograph, such as the Burdick 


the piccolos and the low-frequency response to 
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CLINICAL STUDIES 


859  Electrophysiologic Studies in the Denervated Transplanted Human Heart. Il. Response to 
Norepinephrine, Isoproterenol and Propranolol 


DAVID S. CANNOM, ALAN K. RIDER, EDWARD B. STINSON and DONALD C. HARRISON 


The denervated transplanted human heart, studied in 5 patients by the His bundle technique, appears to re- 
spond normally to norepinephrine and isoproterenol. Propranolol blocks their electrophysiologic effects but 
does not alter the systolic hypertension produced by norepinephrine infusion. These studies in man validate that 
functional integrity of the beta receptor is maintained even when autonomic nerves are absent and that the in- 
trinsic properties of the S-A and A-V nodes are crucial in stabilizing cardiac electrophysiology after denerva- 
tion. 


867 Chronic Right Bundle Branch Block and Left Posterior Hemiblock. Clinical, Electrophysiologic and 
Prognostic Observations 


RAMESH C. DHINGRA, PABLO DENES, DELON WU, RUBEN CHUQUIMIA, FERNANDO AMAT-Y-LEON, 
CHRISTOPHER WYNDHAM and KENNETH M. ROSEN 


Only 3 of 21 patients (14 percent) with chronic right bundle branch block and left posterior hemiblock, followed 
up prospectively for 29 to 1,231 days, required a permanent pacemaker after manifesting symptomatic S-A 
block, second degree A-V block (site undetermined) or A-V block proximal to the His bundle. These data 
suggest that patients with this conduction defect do not require routine prophylactic pacemaker insertion since 
it is associated with less trifascicular disease than previously reported, its clinical course is benign and the inci- 
dence of sudden death in such patients is relatively small. 


873 First Derivative of the Apex Cardiogram and Systolic Time Intervals in Evaluation of Myocardial 
Contractility in Man 


JOS L. WILLEMS, MARY C. KYLE, HAROLD C. PILLSBURY, Ill and EDWARD D. FREIS 


Comparison of the sensitivity of different systolic time intervals and measurements derived from dp/dt of the 
apex cardiogram in 15 normal subjects before and after the administration of angiotensin, isoproterenol and 
propranolol revealed significant changes, mainly in the early phases of the cardiac contraction cycle. These re- 3 
sults suggest that the ratio (dp/dt)/P derived from the calibrated apex cardiogram is comparable to the same | 
ratio derived from left ventricular pressure and may be a useful new noninvasive index of myocardial contractili- 


ty. 


880 Mahaim and James Fibers As a Basis for a Unique Variety of Ventricular Preexcitation 


MAURICE LEV, SAMUEL M. FOX, Ill, SAROJA BHARATI, JOSEPH C. GREENFIELD, Jr., 
KENNETH M. ROSEN and ALFRED PICK 


This unique case of intermittent ventricular preexcitation syndrome defies classification into any known variety. SE 
Serial sections of the conducting system of the heart revealed no bundle of Kent but demonstrated that Mahaim 

fibers histologically identified as His bundle tissue gave off from the A-V bundle to both sides of the septum as- 
sociated with the normal James fibers. Mahaim fibers, therefore, can conduct and James fibers can bypass the 

A-V node. 
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Beat after beat...day after day 


. To convert...to MAINTAIN normal sinus rhythm 











After conversion of cardiac arrhythmias— whether with CARDIOQUIN Tablets or some other current method— 
only low b.i.d. or t.i.d. dosage of this unique polygalacturonate salt of quinidine is required in most cases to 


maintain normal sinus rhythm. 


Well-tolerated, CARDIOQUIN Tablets are particularly suited for maintenance therapy, since the polygalactur- 
onic acid serves as a buffering moiety. It protects the mucosa of the stomach and permits dependable 


absorption of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical Practice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 


.. BRIEF SUMMARY —INDICATIONS: CARDIOQUIN 
Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of: premature atrial and 
ventricular contractions; paroxysmal atrial tachy- 
cardia; paroxysmal AV junctional rhythm; atrial 
flutter; paroxysmal atrial fibrillation; established 
atrial fibrillation when therapy is appropriate; 
paroxysmal ventricular tachycardia when not as- 
sociated with complete heartblock; maintenance 
therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: 


escape mechanisms should not be treated with 
quinidine. WARNING: In the treatment of atrial 
flutter reversion to sinus rhythm may be pre- 
ceded by a progressive reduction in the degree 
of AV block to a 1:1 ratio and resulting extremely 
rapid ventricular rate. COMPOSITION: Each 
CARDIOQUIN Tablet (quinidine polygalacturo- 
nate 275 mg.) is equivalent in quinidine content 
to 3 grains quinidine sulfate. DOSAGE AND AD- 
MINISTRATION: Dosage must be adjusted to 
individual needs, both for conversion and main- 
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used to terminate arrhythmias, and may be re- 
peated in 3-4 hours. If normal sinus rhythm is nol 
restored after 3 or 4 equal doses, the dose may 
be increased by % to 1 tablet (137.5 to 275 mg.) 
and administered three to four times before any 
further dosage increase. For maintenance, one 
tablet may be used two to three times a day 
generally one tablet morning and night will be 
adequate. SUPPLIED: Uncoated, scored tablets 


in bottles of 50. Purdue Frederick 


G COPYRIGHT 1974, THE PURDUE FREDERICK COMPANY 
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889 Disappearance of Abnormal Q Waves After Aortocoronary Bypass Surgery 
CESAR A. CONDE, JOSE MELLER, JAIME ESPINOZA, EPHRAIM DONOSO and SIMON DACK 


Following aortocoronary artery bypass surgery 3 of 36 patients lost their preoperative abnormal Q waves, pre- 
sumably as a result of improved perfusion and electrical activity of the myocardial cells in the area surrounding 
the infarct. 


EXPERIMENTAL STUDIES 


894 Comparative Cardiac Dynamic Effects of Dobutamine and Isoproterenol in Conscious Instrumented 
Dogs 


JOSEPH E. HINDS and EDWARD W. HAWTHORNE 


Larger doses of dobutamine and isoproterenol both increased all measured indexes of myocardial contractility 
and cardiac work in conscious healthy instrumented dogs. However, isoproterenol elevated the heart rate more 
than dobutamine at any given level of contractility. Dobutamine increased the cardiac minute work by improving 
myocardial contractility without increasing heart rate. These data suggest dobutamine may be a more effective 
drug for managing myocardial dysfunction than isoproterenol. 


902 Effects of Ischemia and Coronary Reperfusion on Myocardial Digoxin Uptake 
GEORGE A. BELLER, THOMAS W. SMITH and WILLIAM B. HOOD 


Coronary reperfusion after 2 to 6 hours of left coronary occlusion in 17 open chest dogs was associated with a 
marked reduction in myocardial uptake of tritiated digoxin in the ischemic zone of the left ventricular wall. This 
was more pronounced in the subendocardial (85 percent) than in the subepicardial (60 percent) regions of the 
ischemic zone. 


PEDIATRIC CARDIOLOGY 


908 Echocardiographic Diagnosis of Tetralogy of Fallot 
DOUGLAS C. MORRIS, JOEL M. FELNER, ROBERT C. SCHLANT and ROBERT H. FRANCH 


Echocardiocardiographic features of tetralogy of Fallot in 25 patients include: (1) an increased right ventricular 
diameter, (2) thickening of the interventricular septum, (3) narrowing of the right ventricular outflow tract, (4) in- 
creased aortic root diameter and (5) overriding of the aorta. The most specific echocardiographic pattern of te- 
tralogy of Fallot is the finding of several echocardiographic abnormalities rather than the single feature of aortic 
overriding. 


914 Congenital and Surgical Atrioventricular Block Within the His Bundle 
ANTOINE T. NASRALLAH, PAUL C. GILLETTE and CHARLES E. MULLINS 
His bundle recordings localized the site of atrioventricular (A-V) block within the His bundle in three patients with 
congenital heart disease. Two of these patients had complete A-V heart block and required pacemaker inser- 


tion. Complete heart block was congenital in one and surgically induced in the other. More such studies are re- 
quired to clarify the prognosis of intra-His bundle block. 


Continued on page A21 





now, une station uoes it all... 


collects ECG data, 


in minutes, at bedside, 
without central computer 
or telephone tie-ins 


The Roche Mobile Computerized 
ECG Station contains its own 
minicomputer, recorder, and 
printer. It can eliminate the 
routine work associated 

with the reading of normal 
ECOGs. It is highly accurate, 
classifying correctly 95-98% 

of normal ECG's, 85% of 
abnormals! It is fast, supplying 
a computer printout based on 
the widely accepted USPHS 
program within a minute after 
readings are taken. 


There is a high degree of 
patient safety. Also, the Roche 
Station signals the operator 
immediately when tracings are 
being taken incorrectly or are 
of poor quality; it identifies 
interpretations that may be 
incomplete or equivocal. 


The Roche Mobile Station 
offers considerable savings over 
telephone tie-in ECG systems 
and yet avoids the extensive 
investment required for a 
dedicated central computer. 
Economic feasibility studies and 
additional information are 
available from Roche. 


1. Hochberg, H. M., etal.: Automatic electro- 
cardiogram analysis in rapid mass screening. 
Arch. Environ. Health 15:390-398, 1967. 
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Long-Term Follow-Up of Two Infants with an Implanted Cardiac Pacemaker 


SYLVIA P. GRIFFITHS, CONSTANCE J. HAYES, FREDERICK O. BOWMAN, Jr. and 
WELTON M. GERSONY 


Two patients, aged 10 and 8 1/2 years, with congenital heart block who had pacemaker implantation at age 7 
and 8 months, respectively, illustrate that pacemaker therapy instituted in infancy can be maintained in child- 
hood without disturbing normal physical and emotional growth. 


METHODS 


Handy Heart Sound Simulator 


J. NATHANIEL SANDERSON 


This technique utilizing only hands and stethoscope simulates heart auscultatory events readily, accurately and 
economically and can be used at the bedside to meet the needs of teacher and student. 


REPORTS ON THERAPY 


Effects of Glucose-Insulin-Potassium on Myocardial Substrate Availability and Utilization in Stable 
Coronary Artery Disease. Studies on Myocardial Carbohydrate, Lipid and Oxygen Arterial-Coronary 
Sinus Differences in Patients with Coronary Artery Disease 


ALFRED W. STANLEY, Jr., ROGER E. MORASKI, RICHARD O. RUSSELL, Jr., WILLIAM J. ROGERS, 
JOHN A. MANTLE, ROBERT A. KREISBERG, HUEY G. McDANIEL and CHARLES E. RACKLEY 


Glucose-insulin-potassium infusion in 14 patients with coronary artery disease increased the arterial glucose 
and lactate levels and decreased the arterial free fatty acid levels. These and other observations suggest that in 
such patients glucose-insulin-potassium infusion may significantly diminish myocardial oxygen requirements by 
reducing myocardial free fatty acid utilization and simultaneous enhancement of myocardial carbohydrate utili- 
zation. 


REVIEWS 


938 Metabolism of Free Fatty Acids, Glucose and Catecholamines in Acute Myocardial Infarction. Relation 


to Myocardial Ischemia and Infarct Size 


LIONEL H. OPIE 


Major modifications in the metabolism of free fatty acids, glucose and catecholamines after acute myocardial 
infarction in man and animals suggest such changes may play a role in modifying infarct size and the develop- 
ment of arrhythmias. Low free fatty acid concentrations are more beneficial to patients with acute myocardial 
infarction. Recent work demonstrates the beneficial effects of glucose-insulin-potassium in reducing infarct size 
in the dog, increasing high energy phosphate compounds in the baboon and decreased release of enzyme in 
the isolated rat heart. 


HISTORICAL MILESTONES 


954 Carrel and Tuffier (1914) on Experimental Surgery of the Cardiac Orifices 


SAUL JARCHO 


Although maturing plans for the surgical treatment of valvular disease in man were laid in 1914, 3 decades of 
additional development were needed before they became truly practical on a broad scale. 
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e Nitrates are the first line of defense 


against angina pectoris 


* The therapeutic goal of oral nitrate therapy 


is an angina-free patient 


Fewer tahlets for patients on 80 mg. or more per day (up to a 
maximum of 120 mg./ day) 

* To provide prophylaxis against anginal attacks often caused 
hy unavoidable everyday stress. 

* To reduce the frequency and severity of angina pectoris 
attacks. (Not intended to abort the acute episode.) 















* Indications: Based on a review of this drug by the National Academy 
of Sciences—National Research Council and/or other information, FDA 
has classified the indication as follows: 

"Possibly" effective: When taken by the oral route, Isordil is indicated 
for the relief of angina pectoris (pain of coronary artery disease). It is 
not intended to abort the acute anginal episode, but is widely regarded 
as useful in the prophylactic treatment of angina pectoris. 

Final classification of the less-than-effective indications requires further 
investigation. 


Contraindication: Idiosyncrasy to this drug. 

Warnings: Data supporting the use of nitrites during the early days of the 
acute phase of myocardial infarction (the period during which clinical and 
laboratory findings are unstable) are insufficient to establish safety. 


Precautions: Tolerance to this drug and cross-tolerance to other nitrites 
and nitrates may occur. 

Adverse Reactions: Cutaneous vasodilation with flushing. Headache is 
common and may be severe and persistent. Transient episodes of dizziness 
and weakness as well as other signs of cerebral ischemia associated with 
postural hypotension may occasionally develop. This drug can act as a 
physiological antagonist to norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual exhibits marked sensitivity to 
the hypotensive effects of nitrite, and severe responses (nausea, vomiting, 
weakness, restlessness, pallor, perspiration and collapse) can occur even 
with the usual therapeutic dose. Alcohol may enhance this effect. Drug 
rash and/or exfoliative dermatitis may occasionally occur. 


Consult direction circular before prescribing. 


May we send you reprints, detailed information and/or professional samples? 
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New York, New York 10017 ® 
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DIAGNOSTIC SHELF 


Echocardiographic Diagnosis of a Mobile, Pedunculated Tumor in the Left Ventricular Cavity 


JORGE A. LEVISMAN, REX N. MacALPIN, ABDUL S. ABBASI, NANCY ELLIS and LESLIE M. EBER 


Echocardiography identified a pedunculated thrombus of the left ventricle as the cause of peripheral emboliza- 
tion in a 45 year old woman. At operation the tumor was found to be attached to the interventricular septum by 
a thin fibrous stalk. 


CASE REPORTS 


Constrictive Pericarditis in Procainamide-Induced Lupus Erythematosus Syndrome 


SHUN K. SUNDER and ANILKUMAR SHAH 


After consuming only 250 mg of procainamide hydrochloride three times daily for 6 months, procainamide-in- — 
duced lupus erythematosus with acute pericarditis and pericardial effusion developed in this 47 year old man, 
possibly as a result of the too rapid withdrawal of steroid therapy leading to deposition of collagen and fibrous 
tissue in the pericardium. Severe constrictive pericarditis requiring surgery further complicated this patient’s 
Clinical course within 6 weeks after the initial symptoms and signs appeared. 


Severe Alcoholic Cardiomyopathy Reversed with Abstention from Alcohol 


LEONARD SCHWARTZ, KAREN A. SAMPLE and E. DOUGLAS WIGLE 


This is the first reported case of alcoholic cardiomyopathy in which complete reversibility after 1 year’s absten- 
tion from alcohol has been documented by cardiac catheterization and angiographic studies. Such recovery oc- 
curred without restriction of the patient’s activity. 


Holt-Oram Syndrome Associated with Combined Ostium Primum and Secundum Atrial Septal Defects: 
Successful Surgical Closure 


HIROSHI MITSUOKA, SAJID CHUGHTAI, RENATO CUTARELLI, RAIS A. BEG, HOSSEIN NARAGHIPOUR 
and EARLE B. KAY 


Ostium primum and ostium secundum atrial septal defects were successfully repaired in a 55 year old man with 
Holt-Oram syndrome and recurrent congestive heart failure. 


Unilateral Pulmonary Vein Atresia: Diagnosis and Treatment 


ANTOINE T. NASRALLAH, CHARLES E. MULLINS, DON SINGER, GUNYON HARRISON and 
DAN G. McNAMARA 


Unilateral pulmonary vein atresia due to extensive intimal fibrosis of the pulmonary veins in a 16 month old boy 
was successfully treated by right pneumonectomy after angiocardiography made the definitive diagnosis re- 
vealing the lack of a site of entry for venous blood from the right lung into the circulation. 


EDITORIALS 


974 Metabolic Changes in Myocardial Infarction 


RICHARD J. BING 
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MONITORING. 
UNCOMPLICATED. 


DATASCOPE 
TYPE P2 
PRESSURE MODULE 


The Swan-Ganz* Catheter 
simplified monitoring. It took 
you out of the cath lab and into 
ICU/CCU. 

Ihe Datascope Wedge 
Pressure Group can simplify 
your job at the bedside even 
more. 

First, we ve simplified the 
job of passing the catheter. 
Ours is the only monitor made 
that has an electronic cursor, a 
unique movable reference trace. 
It makes reading the pressure 
changes much easier, much 


DATASCOPE 


TYPE L PHYSIOLOGICAL ALARM 


- 


| mm SYSTOLIC 
on 


DANGER--POSSIBLE EXPLOSION HAZARD IFUSEDIN. 
THE PRESENCE OF FLAMMABLE ANESTHETICS 


faster, much more accurate. 

And once the catheter has 
been passed, we ve simplified 
the job of monitoring. In fact, 
we vetakenit to the point where 
the nursing staff can handle it 
without any assistance. 


If you've gotten used to big, 


bulky monitoring equipment, 
our wedge pressure group will 
come as a pleasant surprise. 
Its extremely light, and com- 
pact. It easily fits at bedside. 
And it's portable. You can 
move it where you need it, 





when you need it. 

So you don't have to have 
a unit for every bed. 

Which not only makes life 
simpler for the people who use 
it, but also for the people who 
buy it. 

For more information on 
the Datascope Wedge Pressure 
Group, write: Datascope Corp., 
580 Winters Ave., Paramus, 
N.J. 07652. 


THE DATASCOPE 
MONITOR GROUP 


Registered Trademark of Edwards Laboratories, Division of American Hospital Supply Corp. 
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CORRECTIONS 
The left and right panels of Figure 1 on page 364 of the March issue were inadvertently transposed by the 
printer (Betriu A, Wigle ED, Felderhof CH, et al: Prolapse of the posterior leaflet of the mitral valve associ- 
ated with secundum atrial septal defect. Am J Cardiol 35:363-375, 1975). 


In Figure 2B on page 355 of the September issue, the left atrium was incorrectly labeled RA and thus the 
abbreviation was defined in the legend as right atrium (Hirschfeld SA, Emilson BB: Echocardiogram in calci- 
fied mitral anulus. Am J Cardiol 36:354—356, 1975). 
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The place of INDERAL "ioa 
* Pea M Doe. among the standard drugs for the 
treatment of disturbed cardiac rhythm has been 
B frequently reaffirmed throughout seven years of 
- Clinical use. In fact, after withdrawal of digitalis, 
' ^"... it may be the treatment of choice for 
. digitalis-induced arrhythmias, provided 
-hypokalemia is not present." It has been widely 
. used in selected supraventricular arrhythmias 
- that have proved resistant to digitalis and in 
~ tachyarrhythmias precipitated by exercise, 
- emotional stress, or undesirable sympathetic 
- stimulation; 'and it is also effective in controlling 
_ supraventricular tachyarrhythmias related to the 
promransinsnn-White syndrome? 
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INDERAL protects the heart from undesirable 
catecholamine stimulation through its beta blocking 
action. Propranolol occupies the beta-receptor 
sites, making them unavailable to the beta- 
adrenergic stimulating effects of catecholamines. 
INDERAL is the first beta-adrenergic blocking agent 
in clinical cardiologic use. 


“In paroxysmal atrial tachycardia, the drt 
dia slows the ventricular rate, and also 


paroxysmal 
atrial tachyca 


valuable in restoring the heart to 
regular sinus rhythm. '? “Paroxysm 
atrial tachycardia induced by e 
ercise...has uniformly bee 
prevented by propranolol,’ ar 
results with INDERAL in tF 
Wolff-Parkinson-White sy 
drome '...have been favorab 
inallbutafewpatients reporte 
This condition appears to Ek 
one of the more definite inc 
cations for propranolol.” 
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» : Saon TH causing symptoms of itself. If the 
Er puni clinical situation does not sug- 
ber cs: gest a needed compensatory 
E t sinus tachycardia and the heart 
kx rate is indeed inappropriate, 
LA treatment with propranolol has 
E^ been successful."* 
E 
e 
i aea dias 
? due to TAPA bet 
£3 Although propranolol may accomplish only the 
: j reduction of the heart rate in hyperthyroidism, it has 
. proved useful for this purpose. Sinus tachycardia 
Mn in hyperthyroidism which causes symptoms 
: may be relieved by the administration of 
propranolol before definitive therapy....The 
Y: author has observed that atrial fibrillation 
Qr ou complicating hyperthyroidism was easily terminated 
ed | using modest doses of propranolol.” 
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ax x AA ; 
tur A a ot se l 
*" Hr , 
: uenis 
tS in cases of atrial premature beats frequent 
e enough that they could herald the onset 
i^ 


of atrial fibrillation, it has been PESE AY 
recommended that propranolol be used. Is 
after other measures have 
failed to control the beats5 - 
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intiarrhythmia agents | 
or supraventricular arrhythmias 






sins : utter "In the presence of atrial flutter, ventricular rate 
is often difficult to control, and, as with an atrial 
fibrillation, propranolol hydrochloride 


HHHH H should be added when the flutter 
ite dug d is not controlled by digitalis, 
rH : 5 * especially inthe presence of mitral 
| HB i i | 1 || valve disease. '* 
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atrial h ori | a o “One salutary effect of propranolol is slowing of 
the ventricular rate in atrial flutter and fibrilla- 

tion. *In a review of the literature, it 

EH HAHH HEH was noted that most patients with 
* HE c d — T H A i . fibrillation not controlled by digi- 
— H - - abisesauea — 1 talis alone experienced slowing 
+ iis Hipp bith 5 zd | ofthe ventricular rate after admin- 
ub | Í istration of propranolol and a few 
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"Propranolol is very effective in treating 
arrhythmias caused by digitalis excess. Its use 
in this setting may be limited by the presence of 
significant congestive heart failure or heart 
block, both of which can be potentiated by 
propranolol. However, if given in small doses 
with careful monitoring, it is often of great 
value in the treatment of digitalis toxicity. * 
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BRIEF SUMMARY 


(For full prescribing information, see package circular.) 
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x A beta-adrenergic blocking agent 








- BEFORE USING INDERAL (PROPRANOLOL HYDRO- 
| CHLORIDE), THE PHYSICIAN SHOULD BE THOROUGHLY 
FAMILIAR WITH THE BASIC CONCEPT OF ADRENERGIC 
-. RECEPTORS (ALPHA AND BETA), AND THE PHARMA- 
|... COLOGY OF THIS DRUG. 





INDICATIONS: 
Cardiac Arrhythmias 
T.) Supraventricular arrhythmias 
~ 8) Paroxysmal atrial tachycardias, particularly those arrhythmias 
_ induced by catecholamines or digitalis or associated with the 
-... Wolff-Parkinson-White syndrome. (See W-P-W under 
WARNINGS.) 
fs b) Persistent sinus tachycardia which is non-compensatory and 
-impairs the well-being of the patient. 
- t]Tachycardias and arrhythmias due to thyrotoxicosis when 
Causing distress or increased hazard and when immediate 
-effect is necessary as adjunctive, short term (2-4 weeks) 
|. therapy. | 
-— - May be used with, but not in place of, specific therapy. (See 
- .. Thyrotoxicosis under WARNINGS.) 
-< d) Persistent atrial extrasystoles which impair the well-being 
-. of the patient and do not respond to conventional measures. 
- e] Atrial flutter and fibrillation when ventricular rate cannot be 
-. controlled by digitalis alone, or when digitalis is contraindicated. 
2.) Ventricular tachycardias 
-Ventricular arrhythmias do not respond to propranolol as predict- 
~ ably as do the supraventricular arrhythmias. 
- 8) Ventricular tachycardias 
With the exception of those induced by catecholamines or 
-- digitalis, INDERAL is not the drug of first choice. In critical 
- Situations when cardioversion technics or other drugs are not 
_ indicated or are not effective, INDERAL may be considered. If, 
after consideration of the risks involved, INDERAL is used, it 
Should be given intravenously in low dosage and very slowly. 
——. (See DOSAGE AND ADMINISTRATION.) Care in the administra- 
| Won of INDERAL with constant electrocardiographic monitoring 
— 4s essential as the failing heart requires some sympathetic 
- drive for maintenance of myocardial tone. 
b} Persistent premature ventricular extrasystoles which do not 
-  Fespond to conventional measures and impair the well-being 
of the patient. 
3.) Tachyarrhythmias of digitalis intoxication 
- If digitalis-induced tachyarrhythmias persist following discon- 
- tinuance of digitalis and correction of electrolyte abnormalities, 
they are usually reversible with ora/ INDERAL. Severe bradycardia 
-. may occur. (See OVERDOSAGE OR EXAGGERATED RESPONSE.) 
- -Intravenous propranolol hydrochloride is reserved for life- 
- threatening arrhythmias. Temporary maintenance with oral 
_ therapy may be indicated. (See DOSAGE AND ADMINISTRATION |} 
}.) Resistant tachyarrhythmias due to excessive catecholamine 
. action during anesthesia. 
` Tachyarrhythmias due to excessive catecholamine action during 
anesthesia may sometimes arise because of release of endo- 
- genous catecholamines or administration of catecholamines. 
- When usual measures fail in such arrhythmias, INDERAL may be 
- given intravenously to abolish them. All general inhalation 
- anesthetics produce some degree of myocardial depression. 
~ Therefore, when INDERAL is used to treat arrhythmias during 
_ anesthesia, it should be used with extreme caution and constant 
ECG and central venous pressure monitoring. (See WARNINGS.) 
lypertrophic Subaortic Stenosis 
NDERAL is useful in the management of hypertrophic subaortic 
tenosis, especially for treatment of exertional or other stress- 
nduced angina, palpitations, and syncope. INDERAL also improves 
xercise performance. The effectiveness of INDERAL in this disease 
ippears to be due to a reduction of the elevated outflow pressure 
Iradient which is exacerbated by beta receptor stimulation. Clinical 
mprovement may be temporary. 
"heochromocytoma l 
\fter primary treatment with an alpha-adrenergic blocking agent 
ias been instituted, INDERAL may be useful as adjunctive therapy if 
he control of tachycardia becomes necessary before or during 
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It is hazardous to use INDERAL unless alpha-adrenergic blocking 
drugs are already in use, since this would predispose to serious 
blood pressure elevation. Blocking only the peripheral dilator (beta) 
action of epinephrine leaves its constrictor (alpha) action unopposed. 

In the event of hemorrhage or shock, there is a disadvantage in 
having both beta and alpha blockade since the combination prevents 
the increase in heart rate and peripheral vasoconstriction needed 
to maintain blood pressure. 

With inoperable or metastatic pheochromocytoma, INDERAL may 
be useful as an adjunct to the management of symptoms due to 
excessive beta receptor stimulation. 

CONTRAINDICATIONS: INDERAL is contraindicated in: 1) bronchial 
asthma; 2) allergic rhinitis during the pollen season; 3) sinus 
bradycardia and greater than first degree block; 4) cardiogenic 
shock; 5) right ventricular failure secondary to pulmonary hyperten- 
sion; B) congestive heart failure (see WARNINGS) unless the failure 
is secondary to a tachyarrhythmia treatable with INDERAL; 7) in 
patients on adrenergic-augmenting psychotropic drugs (including 
MAO inhibitors), and during the two week withdrawal period from 
such drugs. 

WARNINGS: CARDIAC FAILURE: Sympathetic stimulation is a vital 
component supporting circulatory function in congestive heart 
failure, and inhibition with beta-blockade always carries the poten- 
tial hazard of further depressing myocardial contractility and 
precipitating cardiac failure. INDERAL acts selectively without 
abolishing the inotropic action of digitalis on the heart muscle (Że. 
that of supporting the strength of myocardial contractions). How- 
ever, the inotropic action of digitalis may be reduced by INDERAL's 
opposite inotropic effect. The effect of INDERAL and digitalis are 
additive in depressing AV conduction. 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, continued 
depression of the myocardium over a period of time can, in some 
cases, lead to cardiac failure. In rare instances, this has been 
observed during INDERAL therapy. Therefore, at the first sion or 
symptom of impending cardiac failure, patients should be fully 
digitalized, and the response observed closely: (a) if cardiac failure 
continues, INDERAL therapy must be immediately withdrawn; (b) if 
tachyarrhythmia is being controlled, patients should be main- 
tained on combined dosage and the patient closely followed until 
threat of cardiac failure is over. 

IN PATIENTS WITH THYROTOXICOSIS, possible deleterious effects 
from long term use have not been adequately appraised. Special 
consideration should be given to propranolol's potential for aggra- 
vating congestive heart failure. Propranolol may mask the clinical 
signs of continuing hyperthyroidism or complications and give a 
false impression of improvement. Propranolol does not distort 
thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several 
cases have been reported in which, after propranolol, the tachy- 
cardia was replaced by a severe bradycardia requiring a demand 
pacemaker. In one case this resulted after an initial dose of 5 mg. 
propranolol. 

IN PATIENTS DURING ANESTHESIA with agents that require cate- 
cholamine release for maintenance of adequate cardiac function, 
beta blockade will impair the desired inotropic effect. Therefore, 
INDERAL should be titrated carefully when administered for 
arrhythmias occurring during anesthesia. 

IN PATIENTS UNDERGOING MAJOR SURGERY, beta blockade im- 
pairs the ability of the heart to respond to reflex stimuli. For this 
reason, with the exception of pheochromocytoma, INDERAL should 
be withdrawn 48 hours prior to surgery, at which time all chemical 
amd physiologic effects are gone according to available evidence. 
However, in case of emergency surgery, since INDERAL is a competi- 
tive inhibitor of beta receptor agonists, its effects can be reversed 
by administration of such agents, &.g. isoproterenol or levarterenol. 
However, such patients may be subject to protracted severe hypo- 
tension. Difficulty in restarting and maintaining the heart beat has 
also been reported. 

IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g. 
CHRONIC BRONCHITIS, EMPHYSEMA), INDERAL should be admin- 
istered with caution since it may block bronchodilation produced by 
endogenous and exogenous catecholamine stimulation of beta 
receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of 
its beta-adrenergic blocking activity, INDERAL may prevent the 
appearance of premonitory signs and symptoms (pulse rate and 
pressure changes) of acute hypoglycemia. Especially important 
with labile diabetics. 

USE IN PREGNANCY: The safe use of INDERAL in human preg- 
nancy has not been established. Use of any drug in pregnancy or 
women of childbearing potential requires that the possible risk to 
mother and/or fetus be weighed against the expected therapeutic 


benefit. 

PRECAUTIONS: Patients receiving catecholamine depleting drugs 
such as reserpine should be closely observed if INDERAL is admin- 
istered. The added catecholamine blocking action of this drug may 
then produce an excessive reduction of the resting sympathetic 
nervous activity. Occasionally, the pharmacologic activity of INDERAL 
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may produce hypotension and/or marked bradycardia resulting in 
vertigo, syncopal attacks, or orthostatic hypotension. 

When discontinuance of chronically administered INDERAL is 

planned, the dosage should be gradually reduced over a period of 
several weeks and the patient should continue to be carefully 
monitored. There have been reports of myocardial infarction 
Occurring in angina pectoris patients following abrupt discon- 
tinuation of INDERAL therapy. À 
As with any new drug given over prolonged periods, laboratory 
parameters should be observed at regular intervals. The drug should 
i used with caution in patients with impaired renal or hepatic 
unction. 
ADVERSE REACTIONS: Cardiovascular: bradycardia; congestive 
heart failure; intensification of AV block; hypotension; paresthesia 
of hands; arterial insufficiency, usually of the Raynaud type; 
thrombocytopenic purpura. i 

Central Nervous System: lightheadedness; mental depression 
manifested by insomnia, lassitude, weakness, fatigue; reversible 
mental depression progressing to catatonia; visual disturbances; 
hallucinations; an acute reversible syndrome characterized by dis- 
orientation for time and place, short term memory loss, emotional 
lability, slightly clouded sensorium, and decreased performance on 
neuropsychometrics. 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal 
cramping, diarrhea, constipation | 

Allergic: pharyngitis and agranulocytosis, erythematous rash, 
fever combined with aching and sore throat, laryngospasm and 
respiratory distress 

Respiratory: bronchospasm 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, 
thrombocytopenic purpura 

Miscellaneous: reversible alopecia 

Clinical Laboratory Test Findings: Elevated blood urea levels in 
patients with severe heart disease, elevated serum transaminase, 
alkaline phosphatase, lactate dehydrogenase 
DOSAGE AND ADMINISTRATION: The oral route of administra- 
tion is preferred. 

ORAL 


ARRHYTHMIAS— 10-30 mg. three or four times daily, before 
meals and at bedtime. ; i 

HYPERTROPHIC SUBAORTIC STENOSIS—20-40 mg. three or 
four times daily, before meals and at bedtime. 

PHEOCHROMOCYTOMA — Preoperatively—60 mg. daily in- 
divided doses for three days prior to surgery, concomitantly with an 
alpha-adrenergic blocking agent. 

—Management of inoperable tumor—30 mg. daily in divided doses. 
PEDIATRIC DOSAGE | 

At this time the data on the use of the drug in this age group are 
too limited to permit adequate directions for use. | 
INTRAVENOUS | 

Intravenous administration is reserved for life-threatening 
arrhythmias or those occurring under anesthesia. The usual dose is 
from 1 to 3 mg. administered under careful monitoring, e.g. - 
electrocardiographic, central venous pressure. The rate of admin- 
istration should not exceed 1 mg. (1 cc.) per minute to diminish the 
possibility of lowering blood pressure and causing cardiac stand- 
still. Sufficient time should be allowed for the drug to reach the site 
of action even when a slow circulation is present. If necessary, a 
second dose may be given after two minutes. Thereafter, additional 
drug should not be given in less than four hours. Additional 
INDERAL should not be given when the desired alteration in rate 
and/or rhythm is achieved. 

Transference to oral therapy should be made as soon as possible. 
OVERDOSAGE OR EXAGGERATED RESPONSE: IN THE EVENT 
OF OVERDOSAGE OR EXAGGERATED RESPONSE, THE FOLLOWING 
MEASURES SHOULD BE EMPLOYED: BRADYCARDIA—ADMIN- 
ISTER ATROPINE (0.25 to 1.0 mg.): IF THERE IS NO RESPONSE 
TO VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY 

CARDIAC FAILURE — DIGITALIZATIONANDDIURETICS — — 

HYPOTENSION — VASOPRESSORS, e.g. LEVARTERENOL OR 
EPINEPHRINE (THERE IS EVIDENCE THAT EPINEPHRINE IS THE 
DRUG OF CHOICE.) 

READ PENATES ISOPROTERENOL AND AMINO- 
PHYLLINE. . 

HOW SUPPLIED: INDERAL (propranolol hydrochloride) TABLETS 

No. 461 — Each tablet contains 10 mg. of propranolol hydrochloride, 
in bottles of 100 and 1,000. 

No. 464 — Each tablet contains 40 mg. of propranolol hydrochloride, 

in bottles of 100 and 1,000. 
INJECTABLE No. 3265 —Each cc. contains 1 mg. of propranolol 
hydrochloride in Water for Injection. The pH js adjusted with citric. 
acid. Supplied as: 1 cc. ampuls in boxes of 10. 
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Why two rooms... 


CLASSICAL 
VASCULAR 
ROOM 
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GE 


VASCULAR ROOM 
WITH LAD SYSTEM 
and interchangeable tops 


GE's new LAD system gives you dedicated results 
without the need for a separate dedicated system. 
The unique design features an angulating tube and 
intensifier with detachable linkage, combined with a 
rotating patient cradle. As a result, LAD performs all 

- standard vascular procedures plus dedicated 
coronary arteriography. You get the uncompromised 
image quality of the Fluoricon® 300, with cine and/or 
105 mm recording. And cradle top design minimizes 
filtration, enhancing film clarity. 


Versatility — One room handles all procedures, 
including visceral, peripheral, cardiological and 
neurological exams. LAD even allows biplane oblique 
ventriculography, not possible with a U-arm. 


Economy — Minimum investment, maximum 
capability. LAD can be installed at a fraction of the 
cost of acumbersome U-arm. LAD attaches to 
conventional vascular equipment, minimizing 
space needs. 


Rigidity — Minimal overhang of LAD system avoids 
the "tuning fork" shake of U-arms. LAD retains the 
rigidity of a classical vascular system. - 


With the LAD system, you can perform all angiographic — 
procedures in one room — even get the axial projection — 
of the Left Anterior Descending coronary artery. E 
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Positioning ease — Tube and intensifier angulation 
are automatically synchronized. Just pull the ed 
intensifier forward and it automatically angulates to. 
the desired projection. Film changers remainin — 


position for cine and large film recording. No ^ — 
undesirable repositioning of equipment or patient. — . 
Easy patient accessibility in case of emergency. > 
Operator safety — Minimized radiation, with primary E 
beam shielded by lead-lined table base. REM, ; 
Find out how the LAD system can give your GE cc y 
vascular procedures room total angiographic 


capability at minimum cost. Talk to your 
GE representative. 


: 
General Electric Medical Systems, | uM 
Milwaukee, Toronto, Madrid. | 


LAD system gives you | | i 
a lot of room. AE 
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Automatically. 





LIFE AID* 
CARDIOPULMONARY 
RESUSCITATOR 


Recent studies indicate greater survival rates with Thumper:*.. 
The Life Aid® CPR, as compared to manual CPR. 

For complete details and copies of recent clinical studies, 
write or call us collect 713/528-1991. 


Distributed By Dixie USA 
P.O. Box 13060 
Houston, Texas 77019 
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U.S.A. INC. 


You must know the new 
SERVOMED + SERVOCARD 


to be up on the latest about intensive-care monitoring and cardiac electrotherapy. 
With SERVOMED and SERVOCARD ... top quality products on 
the world market . .. HELLIGE is setting completely new standards of performance. 
Write us for full details and judge for yourself. 
SERVOMED system for patient monitoring. SERVOCARD program for cardiac electrotherapy. 


Litton HELLIGE [H 


Medical Electronics PARTNERS IN MEDICINE 


ature Monitor 
` 22to42?C 


HELLIGE GMBH : D-78 Freiburg im Breisgau : Heinrich-von-Stephan-Straße 4 - Tel. (07 61) 4011-1 
USA Representatives: Litton Medical Electronics, Inc. - 10919 Franklin Avenue - Franklin Park, Illinois 60131 
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ISOSORBIDE DINITRATE 


Offers all the benefits 
you ve come to expect of he basic pharmacolog 
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Offers these unique Bosage an Administradon Fo. 
advantages over the vhich may occasionally be seve 
sublingual form: 

Natural chewing action 

stimulates saliva secretion... 

_] helps dissolve medication 

more easily 

I helps distribute nitrate 

over a larger mucosal area Lofts 

|_| helps avoid dry-mouth' x STUART PHARMACEUTICALS 
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inding, at rest, V-5, HR-74. 4th Minute at 2 mph, 0% Grade, 
aerican's Stress Test Electrode V-5, HR-75. Base line stability is 
)plies immediate base line stability. maintained because of the electrode's 
sting with a narrow, drift free base gel retaining cup and gel impregnated 
e can begin as soon as the self- foam pad; the gel pad is slightly 
iering, silver/silver chloride elec- oversize to assure positive, continuous 
des have been applied to the patient pressure at the electrode-skin interface. 
] connections made to your The result: virtual elimination of base 
initoring equipment. line instability and motion artifact. 
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Do your stress test ECGs 
show everything you 
need to see? 
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1 Minute at 3 mph (12th minute 
test), 5% Grade, V-5, HR-117. 

‘T depression increases to 2.5 mm.) 
en at high work loads, the Ameri- 

1 Stress Test Electrode and fully 
elded cable system delivers a stable 
se line and noise-free signal. 


4th Minute at 3 mph (16th minute 





of test), 7.5% Grade, V-5, HR-135. 


(S-T depression drops to 2.0 mm.) 
Long test procedures seldom affect 


the electrode’s contact with a patient’s 
skin; trace quality remains high, even 


with patients who perspire heavily. 


(Because of this electrode’s special gel 
formulation, application periods of longer 
than four hours are not recommended.) 


Compare the stress test electrocardiograms 

you have been getting with those reproduced above.” 
There's a reason for the unusually high quality 

of the ECG traces shown: The patient was being 
monitored with American's Stress Test 

Electrode and fully shielded cable system. 


If you've been diagnosing from stress test electro- 
cardiograms that display wide or unstable base lines, 
severe motion artifact or possible hidden S-T depression, 
please contact us. We think we can help. 


Examples shown were produced under clinical conditions 
during an actual stress test procedure using the American 


Stress Test Electrode system. 


ri I l. Manufactured in U.S.A. by NDM Corporation, Dayton, Ohio 45439 


Available through 


AMERICAN HOSPITAL SUPPLY 
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AMERICAN 


HOSPITAL SUPPLY 





Self adhering 
silver/silver chic 
electrode is preg 
and disposable 
for maximum 
convenience. 












Pinch wire 
connector 
furnishes 
positive contact 
and visible 
electrode connections. 


Special gel formulation 
and oversized gel pad 4 
delivers immediate y 
baseline stability y 
and high signal 

strength. | 


Fully shielded 
cables with up 
to fifteen leads 
are available. 
Quick disconnect 
feature enables 
you to change 
one of the 
shielded lead wires 
in moments. 


We invite you to try the first 
electrode/leadwire/cable system 
designed to match the “no 
compromise” nature of exercise 
stress testing. The fully shielded 
patient cable is adaptable to your 
present monitoring equipment, 
regardless of its make. 


Please contact your American 
Hospital Supply or NDM 
representative to arrange a no 
obligation clinical trial, including 
a total inservice for your staff. 
American will supply electrodes, 
fully shielded cables and fully 
shielded, quick disconnect 
leadwires adaptable to your 
present monitoring equipment 
during the trial period. 


For more information and 

a complimentary copy of our 
stress test technician's primer 
How to Take the Strain out of 
Stress Testing, write to: 

NDM, Department J, 3040 East 
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CardioBeeper*-PM pacer monitor are 
unlike any heart monitoring instruments 
now in use. They're five ounces, pocket- 
sized and relatively inexpensive. Yet 
they are unparalleled in electronic so- 
phistication. The CardioBeeper monitors 
are engineered to permit your coronary 
patient, within seconds, to telephonically 
transmit his heart rate and rhythm or 
ECG. And to allow your pacemaker 
patient to transmit pacemaker rate in- 
terval and artifact, as well as confirma- 
tion of battery integrity and ventricular 
capture. At any time. From any conven- 
tional telephone. If indicated, you are 
then able to institute immediate, often 
life-sustaining action. 


Pacemaker tracing telephoned with 
CardioBeeper-PM. 


Normal ECG tracing telephoned with 
CardioBeeper. 

The CardioBeeper system is simple 
to use. Your patient need not undress. 
Or be bothered with paste, gels or straps. 
He simply places a reusable electrode 
in each bare armpit. And to transmit. 
he merely holds the CardioBeeper 


monitor next to the mouthpiece of the 
phone while touching a button. Physiciar 
and patient stay in constant voice 
contact while sending and receiving. 


You can immediately receive the 
telephoned data as a series of audible 
"beeps indicating each QRS complex 
or pacemaker spike. To receive a per- 
manent record of ECG or pacemaker 
artifact, just connect a CardioBeeper* 
ECG Decoder to your telephone and to 
any conventional ECG machine. Or 
instead, connect a R 07:160 [0] 112 012: i 
Decodalyzer to your phone to obtain a 
visual readout of heart rate or pace- 
maker rate in BPM, interval count in 
msec. or a direct ECG tracing for your 
records. 

In life-threatening emergencies 
or routine checks, no remote cardiac 
monitoring instruments available today 
at any cost can rival the revolutionary 
CardioBeeper system. For further 
information, simply contact your Wyeth 
representative or Wyeth Laboratories, 
Box 8299, Philadelphia, Pa. 19101. 


Manufactured for Wyeth Laboratories 
by Survival Technology, Inc. 


CardioBeeper-PM 


pacer monitor 


CardioBeeper 


heart monitor 


Wyeth Laboratories 


Survival Technology, Inc 





VIU 
COMPUTER ECG 
ANALYSIS SYSTEM 
WITH THESE 

NEW AND 
VALUABLE FEATURES 


patient name, identification, ECG complexes and interpretatig 
prints and plots these on one standard size (8-1/2" x 11") sheet 
Active Storage of 1000 Cases 1000 ECG reports complete 
with ECG complexes, electronically stored - retrievable in ten 
seconds each. Expandable to 7000 cases. 

infinite Archival Storage Digital Magnetic Data Gro] (o ES IL 
can be added to store all records beyond active storage cap 
ability so re-admissions can always be retrieved and compar 
Dual Analysis Program Standard lead program (Bonner or 
Caceres) plus vector program (Smith or Pipberger) selectable 
one ID digit. Automatic vector plots as second page of report. 
IBM 360/370 Interconnectable MUSE II can provide 

IBM 360/370 interfacing to your hospital central data base an 
processor center. 

For more information, contact; Marquette Electronics, INC., 
P.O. Box 8039, 8200 W. Tower Ave., Milwaukee, Wis. 53223. 


marquette 
electronics inc. 
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Five patients who had received a transplanted human heart 1 to | 
years previously were studied to determine the effects of norepineph 
rine, isoproterenol and propranolol on the atrioventricular (A-V) con 
duction system. Using the His bundle technique, atrial, His bundle an 
ventricular electrograms were recorded, and central aortic pressur 
was monitored during the administration of these drugs. Norepineph 
rine was given by continuous infusion to four patients in doses rangin 
from 4 to 8 ug/min, with the systolic arterial pressure increasing by ai 
average of 72 mm Hg. Concomitantly, there was an average increas 
in the rate of the donor atrium of 32 beats/min, and a reflex slowing c 
the recipient atrium of 23 beats/min. The A-H interval shortened by ai 
average of 27 msec. Isoproterenol dose-response curves were per 
formed in three patients, with the maximal dose being 5.2 ug by intra 
venous bolus infusion. The rate of the donor atrium increased by an av 
erage of 40 beats/min, and that of the recipient atrium by 18 beats 
min. The A-H time shortened by an average of 25 msec, with a drop ii 
systolic blood pressure averaging 23 mm Hg. Propranolol (7 mg intra 
venously) was given to three patients and the peak doses of norepi 
nephrine and isoproterenol were again infused. Beta adrenergic block 
ade was achieved at this dose of propranolol since there was only : 
minimal increase in the donor atrial rate after infusion of the drug. The 
A-H interval was not altered by catecholamine infusion after achieve. 
ment of beta blockade. However, the levels of systolic hypertensior 
noted after infusion of norepinephrine were not altered by propranolol 
The denervated transplanted human heart appears to respond normally 
to norepinephrine and isoproterenol, and the electrophysiologic effect: 
of these agents are blocked by propranolol. 

Extensive investigative work in the denervated canine model has 
demonstrated the presence of the alpha and beta cardiovascular re: 
ceptors. Although the autonomic nervous system is important in cardi. 
ac performance, this work is the first validation in man that (1) the 
functional integrity of the beta receptor is maintained even when the 
autonomic nerves are absent, and (2) the intrinsic properties of the 
sinus and atrioventricular nodes are the keystone in stabilizing cardiac 
electrophysiology after denervation. 





cholinergic agonists and antagonists has made it pos- 


sible to construct a conceptual model of the function 


of the autonomic nervous system. Specific receptor 
sites are defined functionally, and the effect of any 
drug, whether alpha or beta adrenergic, on the auto- 
nomic nervous system is commonly discussed among 
basic scientists and medical house officers. Our cardi- 
ac transplantation program provides a unique oppor- 
tunity for electrophysiologic study of the autonomic 
nervous system in the denervated, transplanted 
human heart. The purposes of our study were three- 
fold: (1) to describe in detail the effects of norepi- 
nephrine, isoproterenol and propranolol on atrioven- 
ticular (A-V) conduction in the denervated human 
heart; (2) to detail experimentally the effects of beta 
adrenergic blockade on conduction in the denervated 
human heart, and (3), using these data, to extend un- 
derstanding of the functional characteristics of the 
beta receptor at both the sinus and A-V nodes. The 
experimental model employed provides the opportu- 
nity of separating the effects of the autonomic 
nerves, as such, from those of the receptor site itself. 


j | Methods 


The five patients described had received a transplanted 
Sanaa heart at Stanford University Medical Center 1 to 3 
years previously and were admitted at this time as part of 
„an on-going evaluation of this patient population. All were 
- well clinically at the time of study and were considered to 
bei in New York Heart Association functional class I. All 
were receiving orally administered azathioprine and pred- 
_nisone, but none was taking any medication known to alter 
. the characteristics of the A-V conduction system. 
_ Each patient underwent routine left and right heart 
catheterization and coronary arteriography, with normal 
‘results in each case, on the day before the electrophysiolog- 
de studies to be described. 

The patients were brought to the catheterization labora- 
Nas in the nonsedated, postabsorptive state, having re- 
ceived systemic antibiotic agents (penicillin and methacil- 
lin) the night before and the day of study. The voluntary 
nature of the study was explained to each patient, and in- 
formed consent obtained. 


Instrumentation 


- Instrumentation was performed in a similar manner for 
iach patient. A tripolar catheter was inserted into the right 
femoral vein and, by methods previously described,’ ad- 
vanced to a position to record the His bundle and ventricu- 
. lar electrograms. A no. 7F quadrupolar catheter was insert- 
ed percutaneously into the left femoral or right internal 
_ jugular vein and advanced to a position in the left atrium, 
with use of a counterclockwise loop, so that the two distal 
_ poles of this catheter were high in the right atrium. In this 
way it was possible to record electrograms from both the 
recipient atrium (Ag) and the donor atrium (Ap). The sur- 
gical procedure used during transplantation, which results 
- n two functioning atria (Ap and Ag) and two sinus nodes, 
_has previously been described in detail? A no. 5.2F Cook 
pigtail catheter was inserted into the right femoral artery 
and advanced to a position in the central aorta below the 
diaphragm, allowing measurement of central aortic pres- 
Laure. 
The two proximal terminals of the atrial catheter and the 


In the past 25 years Le es of adrenergic and 
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k His bundle electrogram were transmitted to the alternating i | 


current input of an electrocardiographic amplifier, with the 
filter frequencies set between 40 and 500 hertz. Standard 
lead II was recorded simultaneously. The central aortic 
catheter was attached to a Statham transducer, and all sig- 
nals were simultaneously displayed on a switched beam 
Electronics for Medicine oscilloscope and recorded on pho- 
tographic paper at a paper speed of 100 mm/sec. A periph- 
eral intravenous infusion using dextrose in water was begun | 
in a forearm, to allow administration of drugs during the © 
study. 


Electrophysiologic Studies 


Stable recordings were made of the recipient atrium, 
donor atrium, His bundle and ventricular electrograms in 
each case. The two distal terminals of the quadripolar cath- 
eter were attached to a battery-powered pacemaker (Med- 
tronics 5837) and right atrial pacing, using a 2 msec im- 
pulse twice diastolic threshold, was used to validate the His 
potential. Initial control measurements were then made of . 
the cycle length of the recipient and donor atria, the atrium 
to His bundle conduction interval (A-H time) and the His 
bundle to ventricular conduction interval (H-V time). 
Standard definitions were used for measurement of these 
intervals. 

Norepinephrine: After the recording of control inter- 
vals, various drugs were administered to the five patients. 
Four patients (Cases 1, 3, 4 and 5) initially received an 
infusion of norepinephrine. This infusion was begun at a 
rate of 1 ug/min intravenously and was continued until the 
systolic arterial pressure had risen by 55 to 85 mm Hg. The 
infusion rate was increased by increments of 1 ug/min and 
was held at each level for 5 minutes while determinations 
were made of the aortic pressure as well as the rates of the 
donor and recipient atria and the A-H and H-V times. The 
level of norepinephrine yielding peak response was record- 
ed for each patient. 

Isoproterenol: Infusion of norepinephrine was termi- 
nated and time allowed for all variables to return to control 
levels (averaging 20 to 25 minutes per patient). Isoprotere- 
nol dose-response curves were performed after the norepi- 
nephrine infusion in Patients 3 and 5 and were performed © 
initially in Patient 2, who did not receive norepinephrine. 
Standard technique was employed, using a rapid intrave- 
nous bolus injection of isoproterenol over a 10 second peri- 
od and then measuring, for the next 5 minutes, the aortic 
pressure, the recipient and donor atrial rates and the A-H 
and H-V intervals. The initial dose was 0.35 ug, followed by 
0.7, 1.75 and 3.75 ug. The intent of these injections was to 
increase the rate of the donor atrium by approximately 40 
beats/min, which was typically achieved using 3.75 ug in 
Patients 2 and 5, whereas Patient 3 required 5.2 ug as a 
bolus injection. Again, the level of drug resulting in peak 
response was noted for each patient. 

Propranolol: Control conditions were allowed to return 
(10 to 12 minutes) and in those patients having a complete 
study (Cases 2, 3 and 5), 7 mg of propranolol was adminis- 
tered intravenously over 10 minutes. Measurements of the 
previously listed variables were made every minute. Five 
minutes after the infusion of propranolol was concluded (or 
15 minutes after it was begun), the effects of beta adrener- 
gic blockade were assessed. The dose of norepinephrine or 
isoproterenol, or both, resulting in the peak response be- 
fore the administration of propranolol was administered 
again in a fashion similar to that of the initial drug admin- 


istrations. For norepinephrine, the drug was given as an in- | 


travenous drip infusion at a rate of 8 ug/min in Patients 3 : 
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to 5, with monitoring every minute of the recipient and 
donor atria, the blood pressure and the A-H and H-V inter- 
vals. When the effect of the norepinephrine infusion had 
abated, as judged by return to postpropranolol arterial 
blood pressure levels, the dose of isoproterenol yielding the 
peak response before administration of propranolol was 
again given to Patients 2, 3. and 5. Again the recipient and 
donor atrial rates, the central aortic blood pressure and the 
A-H and H-V intervals were measured each minute for 10 
minutes. 

Amyl nitrate and atropine: To document denervation, 
amyl nitrate was given by inhalation, while blood pressure 
and heart rate were monitored. In each instance a decrease 
of at least 20 mm Hg in systolic pressure was accomplished 
without any measurable increase in heart rate. After pres- 
sure and heart rate had returned to control values, 2 mg of 
atropine was administered intravenously, with several mea- 
surements of heart rate and the A-H interval. As in previ- 
ous studies from our laboratory,? no increase in heart rate 
or decrease in A-H intervals was detected. The patients tol- 
erated the procedure well, and no adverse effects of these 
prolonged procedures were noted. 


Results 
Control Data ° 


Table I summarizes the electrophysiologic data ob- 
tained in the five patients before any pharmacologic 
interventions were undertaken. The typical accelera- 
tion of the donor atrial rate in relation to the rate of 
the recipient atrium is noted in all but Patient 3. The 
recipient atrial rate of this patient was 143 beats/min 
and was not altered by any of the pharmacologic 
agents administered (see Discussion). The control 


A-H and H-V intervals were normal for this laborato-. 


ry. The blood pressure of all five patients, as mea- 
sured by the systemic arterial catheter, was within 
the normal range. 


Effects of Norepinephrine 


The characteristic result of administration of nor- 
epinephrine in four patients was an average increase 
of 72 mm Hg in systolic blood pressure with a con- 
comitant average increase of 32 beats/min in donor 
atrial rate (Table IIA). The recipient atrial rate, on 
the other hand, slowed by an average of 23 beats/min, 
although no change was noted in Patient 3, whose re- 
cipient atrial rate continued to be 143 beats/min. 
There was a shortening of the A-H interval by an av- 
erage of 27 msec, whereas the H-V interval did not 
change. The dose of drug required to achieve the de- 
- sired increase in arterial blood pressure was 4 ug/min 
in Patient 1 and 8 ug/min in Patients 3, 4 and 5 (Fig. 
1). The values shown are after the drug had been ad- 
ministered at that level for 10 minutes. The donor 
atrial rate increased in a manner parallel to changes 
in arterial blood pressure and did not suggest hyper- 
sensitivity, defined as lowered threshold of the den- 
ervated heart to exogenous catecholamines. 


Effects of Isoproterenol 


Isoproterenol dose-response curves were per- 
formed in Patients 2, 3 and 5. A typical response is 
shown in Figure 2, and the data for the three patients 


TABLE I 
Control Electrophysiologic Data 
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Case Agn Ap HV BP 
no. (per min) (per min) (msec) (msec) (mm Hg) 
1 70 88 120 50 130/80 
2 60 110 100 50 115/90 
3 143 100 120 30 120/80 
4 86 100 100 50 110/70 
5 85 103 95 50 130/90 





Ap = donor atrial rate; Ar = recipient atrial rate; BP = blood pres 


sure. 


TABLE II 


Electrophysiologic Data After Pharmacologic Interventions 





A. Effects of Norepinephrine 





Ar Ap BP 
Case Dose* (beats/  (beats/ AH HV (systolic 
no. (ug) min) min) (msec) (msec) mm 
1 4 16 116 440 NC t72 
3 8 NC t48 120 NC 155 
4 8 111 125 .440 NC 180 
5 8 152 t38 110 NC 180 
Average 123 t32 127 NC 172 
change 
B. Effects of Isoproterenol 
ART T. 120 138 120 NC 15 
3 5.2 NC t41 }20 NC 135 
5 3.75 t16 t42 135 NC 120 
Average 118 t40 125 NC 123 
change 
C. Effects of Propranolol, Intravenously 
2 7 mg ¿3 112 110 NC NC 
3 7 mg NC 123 120 NC NC 
5 7 mg 121 123 115 NC 110 
D. Effects of Beta-Adrenergic Blockade 
2 Il, 3.5 T3 15 NC NC NC 
3 NE, 8 NC 113 NC NC t80 
1, 5.2 NC NC NC NC NC 
5 NE, 8 137 t5 NC NC t80 
l, t8 t5 NC NC NC 
3.75 


* Dose of drug giving peak response. 

t Largest dose given using intravenous bolus injection. 

4 = decreased; 1 = increased; | = isoproterenol; NC = no change 
NE = norepinephrine; other abbreviations as in Table |. 


are summarized in Table IIB. The response observed 
after 30 seconds to 1 minute at the highest level oi 
isoproterenol given is listed. A characteristic rise in 
both the donor and recipient atrial rate is noted, with 
the magnitude of the rate of rise of the donor atria! 
rate exceeding that of the recipient atrial rate. Again 
Patient 3 showed no alteration of the recipient atria! 
rate during the administration of isoproterenol. A 
substantial decrease in the A-H interval is agair 


‘noted, whereas the H-V interval remained constant 


in each case. Moderate decreases in the systolic blood 
pressure were observed in each case. 


Effects of Propranolol 


The electrophysiologic data for the three patients 
(Cases 2, 3 and 5) 5 minutes after the infusion of 7 mg 
of propranolol over 10 minutes are summarized in 
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FIGURE 1. Case 4. Response to infusion of norepinephrine. A, control tracing: The patient's state prior to the infusion of norepinephrine. B, data 
recorded after the patient had received 8 ug/min of norepinephrine for 10 minutes. The blood pressure has increased from 110/70 in the con- 
trol state to 190/100 after norepinephrine infusion. The donor sinus nodal rate has increased from 100 to 125 beats/min, whereas the recipient 
atrial rate has decreased from 86 to 75 beats/min. The A-H time has shortened from 100 msec in the control state to 60 msec, with no change 
noted in the H-V time. AD = donor atrium; AE = high atrial electrogram; Ao = central aortic pressure; AR = recipient atrium; H = His bundle 
potential; HBE = His bundle electrogram; Lz = electrocardiographic lead Il; V = ventricular electrogram. Time lines are 100 msec apart; paper 
speed is 100 mm/sec. The values for the various intervals in this figure can be found in Table |. 


Table IIC, and a typical response is shown in Figure 
3. A characteristic diminution in the rate of both the 
donor and recipient atria was seen, with an increase 
in the A-H interval averaging 15 msec. No change 
was seen in the duration of the H-V interval and the 
blood pressure fluctuated little, if any, after the ad- 
ministration of propranolol. 

Table IID summarizes the effects of beta adrener- 
gic blockade in those patients (Cases 2, 3 and 5) who 
received adrenergic stimulating agents after the es- 
tablishment of beta blockade. Each patient received 
the level of adrenergic agonist that had given a maxi- 
mal response before the intravenous administration 
of propranolol. Patient 2 received only isoproterenol 


after beta blockade, whereas Patients 3 and 5 had re- 
ceived both norepinephrine and isoproterenol. Of 
note are the trivial increases in the rate of the donor 
atrium after the administration of both drugs. Small 
increases were observed in the rate of the recipient 
atrium in Patients 2 and 5 after administration of 
isoproterenol; there was no change in the recipient 
atrial rate of Patient 3 after administration of either 
drug. 

Whereas both drugs had previously shortened the 
A-H interval, this effect was ablated after propranol- 
ol. There was no change in the H-V interval. The pe- 
ripheral effects of norepinephrine were unaltered as 
the systolic blood pressure increased by 80 mm Hg in 
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FIGURE 2. Case 3. Isoproterenol dose-response curve. A, 1 minute after bolus infusion of 0.35 ug of isoproterenol. There is no change in an 
variable from the patient's control electrophysiologic and hemodynamic state. B, 1 minute after infusion of 0.7 ug of isoproterenol. Again, m 
changes from the control state are noted. C, 1 minute after injection of 1.75 ug of isoproterenol. The central arterial blood pressure has de 
creased from 115/90 mm Hg in the prior tracings to 100/50. The recipient atrial rate has increased from 60 to 77 beats/min, whereas the dono 
. atrial rate has increased from 110 to 125 beats/min. The A-H interval has shortened from 100 to 80 msec; the H-V interval remains unchangec 
D, 1 minute after intravenous injection of 3.5 ug of isoproterenol. The arterial blood pressure is now 90/50 mm Hg. The donor atrial rate is 14 
beats/min, the recipient atrial rate 80 beats/min. This response was considered a maximal effect for Patient 2, and this dose was used afte 
' beta blockade had been achieved (see Fig. 4). Abbreviations as in Figure 1. 
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FIGURE 3. Case 2. Characteristic response after intravenous infusion of 7 mg of propranolol. A, before infusion of propranolol. B, 4 minute: 
after intravenous administration of 7 mg of propranolol. There are no changes in central arterial blood pressure, but the donor atrial rate ha: 
slowed by 12 beats/min and the recipient atrial rate by 3 beats/min. The A-H interval is prolonged by 10 msec, and no change is noted in thi 
H-V interval. Abbreviations as in Figure 1. 
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FIGURE 4. Case 2. The response to isoproterenol after intravenous 
administration of 7 mg of propranolol. This tracing was taken 1 min- 
ute after the bolus injection of 3.5 ug of isoproterenol. The results 
can be compared with those in Figure 3B, which was recorded only 
shortly before the isoproterenol reinfusion. Of note is the insignifi- 
cant increase in the donor atrial rate (5 beats/min) and in the recipi- 
ent atrial rate (3 beats/min) without accompanying alterations in the 
A-H or H-V intervals. The arterial blood pressure remains un- 
changed. Abbreviations as in Figure 1. 


Patients 3 and 5. Figure 4 shows a characteristic re- 
sponse to infusion of isoproterenol 15 minutes after 
administration of propranolol. 


Atropine and Amy! Nitrate 


. Administration of 2 mg of atropine after the cessa- 
tion of the previous studies resulted in changes com- 
parable with those we? have previously reported. 
There was no alteration of the donor atrial rate, 
whereas the recipient atrial rate increased by an av- 
erage of 25 beats/min. Subsequent administration of 
amyl nitrate by inhalation produced only small in- 
creases (average 5 beats/min) in heart rate, with a 
concomitant reduction in mean arterial pressure doc- 
umenting adrenergic denervation. In our experience,” 
such results have been a constant feature of the den- 
ervated human transplanted heart, without any evi- 
dence for reinnervation. 


Discussion 


_ These electrophysiologic studies help to clarify the 
intrinsic effects of norepinephrine and isoproterenol 
on the human A-V conduction system. In addition, 
they help to define the characteristics of the adrener- 
gic receptor in the absence of autonomic nerve end- 
ings. 

"The initial work of Langley? and Ahlquist^ used 
the model of the alpha and beta adrenergic receptors 
as a conceptual framework within which to under- 
stand the effects of various sympathomimetic 
amines. Recently it has been suggested that a bio- 
chemical definition of these receptors in various 
organ systems is possible, although these findings re- 
main controversial? Our data permit speculation re- 
garding the effect of the autonomic nerves on the 
function of these receptors and the functional effect 
of stimulation of the beta receptor on the conduction 
system. 

The basic electrophysiologic data presented in 


Table I confirm our earlier work,? again suggesting 
that in the transplanted human heart the conduction 
rates measured, including the A-H and H-V times, 
are virtually identical to those obtained in the normal 
nondenervated heart. However, we observed that the 
donor sinus node (which controls the intrinsic ven- 
tricular rate of the transplanted heart) is faster at 
rest than the sinus node of the normal human heart. 
This observation is consistent with the concept that 
cholinergic influences predominate at the sinus node 
at rest and, with the removal of all autonomic tone of 
the donor heart after transplantation, the intrinsic 
rate of the sinus node increases.? 

Effects of alpha and beta receptor stimulation 
(norepinephrine): Norepinephrine is known to 
stimulate both alpha and beta receptors, and its 
infusion in four patients in this study (Table IIA) 
confirms that its effects in the denervated heart are 
similar to those in the normal heart. Rather large 
doses were given to increase the systolic blood pres- 
sure by 50 to 80 mm Hg. As the blood pressure rose to 
these levels, the carotid baroreceptors were stimulat- 
ed and, in three of four patients the still innervated 
recipient atrium reduced its intrinsic rate by an aver- 
age of 23 beats/min. This would be the expected re- 
sult for the recipient atrium, which is still controlled 
by the baroreceptor mechanisms. Of particular im- 
portance is the acceleration in rate of the donor atri- 
um, which is not innervated and on which barorecep- 
tor mechanisms are therefore not operant. This in- 
crease is due to the direct action of norepinephrine 
on the sinus node. 

At infusion rates of 4 to 8 ug/min, the overall aver- 
age increase in the rate of the donor atrium was only 
32 beats/min. Although prior studies in dogs?^? have 
shown hypersensitivity of the denervated heart to 
norepinephrine, we cannot determine if our rate in- 
crease was disproportionate. In previously cited 
work, absolute values for increases in heart rate were 
not given; however, our observations suggest that a 
hypersensitive response to the administration of nor- 
epinephrine at drug doses that are generally used 
clinically was minimal, if present. Our observations 
were not controlled, however, and caution should be 
exercised in their interpretation. Several reasons for 
variance with previous work with dogs can be dis- 
cussed. First, Willman et al? observed that in dogs 
the hypersensitivity of the denervated heart recedes 
with the demonstration of reinnervation. We have no 
evidence to suggest that the hearts of our study pa- 
tients were autonomically reinnervated and, thus, we 
cannot invoke this hypothesis to explain the absence 
of hyperactivity due to catecholamine infusion in our 
patients. Second, there may be a species difference in 
the hypersensitive responses or in the response to 
norepinephrine. Hypersensitivity is frequently more 
easily demonstrated by a change in threshold to 
small amounts of norepinephrine. We did not use 
these small doses. Third, perhaps the delivery of the 
pharmacologic agent to the receptor is different after 
rejection episodes in the human heart. Fourth, since 


RTL ER SEN Fas Si 


REER REAR N a ga ee eee ee a iaa ee EER 
E ET ENEI S TEA a REN E cea UIER N _ ELECTROPHYSIOLOSC ‘STUDIES IN DENERVATED HEART—CANNOM ET Al 


by all known pharmacologic mechanisms hypersensi- 
tivity should occur, it is possible that we did not per- 
form the correct experiments. Perhaps the infused 
norepinephrine was rapidly taken up by other adren- 
ergic nerve endings in the body that were not altered 
by cardiac transplantation. 

The A-H time, a measure of A-V nodal conduction 
time, was shortened in our study patients by an aver- 
age of 27 msec, demonstrating that norepinephrine 
has a direct effect on the refractoriness of A-V nodal 
conduction independent of autonomic innervation. 
The H-V interval did not change in any of the four 
patients studied. This observation is consistent with 
recent work in dogs, which demonstrated that the 
bundle branches are unresponsive to either beta ad- 
renergic stimulation or blockade.!? 

Effects of beta receptor stimulation (isopro- 
terenol): Isoproterenol alone has been shown to be a 
direct beta stimulator. Isoproterenol dose-response 
curves were obtained in three patients, and a re- 


sponse in terms of the chronotropic effect of isopro- - 


terenol was comparable with that seen in normal 
subjects!! and in the few studies previously per- 
formed in the transplanted human heart.!?!? As in 
the study of Carleton et al,'? the response of the 
donor sinus nodal rate was greater than that of the 


_ recipient sinus nodal rate even though the initial rate 


of the sinus node of the donor heart was faster than 
that of the recipient. 

A shortening of the A-H interval comparable with 
that observed in the norepinephrine studies was seen 
with the infusion of isoproterenol, thus demonstrat- 
ing a direct decrease in refractoriness at the A-V 
node. Autonomic influence does not modify this di- 
rect effect, which is similar to that seen in the inner- 
vated human heart.!4 Modest decreases in the pe- 
ripheral blood pressure were noted with infusion of 
isoproterenol. 

Effects of beta receptor blockade (propranol- 
ol): The infusion of 7 mg of propranolol over 10 min- 
utes gave results comparable with those seen in the 
normal heart.? Both the recipient and donor atria 
showed a slowing in their intrinsic rate compatible 
with a direct effect of propranolol at the sinus node. 
Likewise, the A-H time increased as A-V nodal re- 
fractoriness increased. The H-V interval did not 
change, and only minimal changes were noted in 
blood pressure. These findings are of considerable in- 
terest and suggest that the effect of infusion of pro- 
pranolol is to block the circulating catecholamines at 
the sinus node, resulting in a slowing of the sinus 
rate. The changes in both the recipient and donor 
atria were comparable; if slowing of the innervated 


| kari atrium was out of proportion to that of the 


denervated donor atrium, the effect of lysis of auto: 
nomic tone at the sinus node would necessarily be in. 


-voked as the cause for the slowing. However, the 


slowing at the sinus node was comparable in botl 
atria, thus suggesting that blockade of circulatin; 
catecholamines was the predominant effect of th 
infusion of propranolol. The effect of propranolol a 
the A-V node with an increase in the A-H interva 

can also be explained by the blockade of circulatin; 
catecholamines and a resultant increase in A-V noda 
refractoriness. | ; 

Only trivial increases in the rate of the donor atri 
um were produced by norepinephrine and isoprotere 
nol after the administration of propranolol. Competi 
tive inhibition at the beta receptor site in the sinu 
node best explains these findings. In Patient 5, re 
flex slowing of the recipient atrium was again seen 
although this response was somewhat attenuated 
Systolic blood pressure increased in Patients 3 and | 1 
when they were receiving norepinephrine. 'T'his wh 
due to stimulation of alpha receptors, which shouk 
not be altered by the infusion of propranolol. Th 
A-H interval was not changed by the reinfusion o 
norepinephrine or isoproterenol after propranolol 
whereas this interval had previously been shortene 
by both agents, thus demonstrating that beta block 
ade was complete at the A-V node. 

The intrinsic rate of the recipient atrium in Pa 
tient 3 at the initiation of this study was 143 beats 
min. None of the drugs administered altered thi 
rate. We suggest that the atrium of this patient ha 
an ectopic tachycardia that was protected from phar 
macologic intervention. We have noted in other pa 
tients not included in this series that either the dono 
or recipient atrium can have an ectopic rhythm. i 
isolation, and that typically the rhythm is not con 
trolled pharmacologically. 

Clinical implications: Several sinelan can b 
drawn from these studies. First, the specialized con 
duction tissue of the heart can be influenced by stim 
ulation and blockade of the autonomic nervous sys 
tem in the denervated heart. Second, by all pharma 
cologic means available we have not been able t 
demonstrate evidence for reinnervation of the trans 
planted denervated heart. Third, the adrenergic re 
ceptor is intact in the denervated heart although evi 
dence suggests that adrenergic nerve fibers are n 
longer present. This observation supports the origi 
nal claims of Ahlquist.!6 Fourth, the problem of hy 
persensitivity in the denervated human heart canno 
be determined from these studies, but the concep 
needs further investigation. 
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Twenty-one patients with long-term right bundle branch block and left 


3 


posterior hemiblock were studied electrophysiologically and then fol- ; 
lowed up prospectively. The group consisted of 19 men and 2 women- 


aged 61 + 2.7 years (mean + standard error of the mean). The major- 


ity of patients had either hypertensive cardiovascular disease (48 per- | 
cent) or primary conduction disease (33 percent). Initial electrophysio- ; 
logic studies revealed A-H intervals of 58 to 152 msec (mean 98 f: 
7.7) and H-V intervals of 40 to 80 msec (mean 52 + 2.1). Six patients - 
(29 percent) had prolonged H-V intervals. The follow-up period ranged - 
from 91 to 1,231 days (mean 671 + 68). Three of 21 patients (14 per- - 
cent) needed a permanent pacemaker after development of the fol- - 


lowing symptomatic conduction disease: sinoatrial block on day 3 of 


follow-up; second degree atrioventricular (A-V) block, site undeter- 


mined, on day 118; and second degree A-V block proximal to the His 


bundle on day 398. One patient died suddenly (on day 571), and two 
others died of noncardiac causes. 


In conclusion, combined right bundle branch block and left posterior 


hemiblock was associated with less trifascicular disease than reported 
previously. The clinical course of most of the patients was benign and 


the incidence of sudden death was relatively small. Symptomatic con- 
duction disease occurred but could be definitely related to trifascicular 
disease in only one patient. These short-term data suggest that pro- 
phylactic pacemaker insertion is not routinely indicated in patients with 


chronic right bundle branch block and left posterior hemiblock. 


Rosenbaum et al.! have suggested that patients with intact atrioven- 
tricular (A-V) conduction and chronic right bundle branch block with 
left posterior hemiblock are at high risk of progression of conduction 
disease. They have reported a 62 percent incidence rate of heart 
block over an unspecified follow-up period in patients with right bun- 
dle branch block and left posterior hemiblock. Other retrospective 
studies?-? in a limited number of patients support the high risk that 
heart block will develop in the presence of right bundle branch block 
and left posterior hemiblock. However, many of the latter studies 
concern patients whose conduction defects were secondary to acute 
myocardial infarction. 

This study, based on a prospective examination of the clinical find- 
ings in patients with chronic right bundle branch block and left pos- 
terior hemiblock attempts to define further the natural history of this 
combination of conduction defects. In addition, observations are pre- 
sented concerning clinical, electrocardiographic and electrophysiolog- 
ic findings in this group of patients. 


Material and Methods 


Patient selection: The study group consisted of 21 patients with com- 
bined chronic right bundle branch block and left posterior hemiblock. The 





TABLE | T 2 


Clinical TENNUR of 21 Patients with Right Bundle Branch Block 
ind Left Posterior Hemiblock 


E Electrocardiogram 
Eq | NYHA 


a PR QRS QRS 
Case Age (yr) Diag- Class Interval Duration Axis 
no. &Sex nosis (NYHA) CHF (sec) (sec) C) 
73M PCD | — 0.16 0.14 +100 
63 M PCD | — 0.18 0.16 +100 
75M PCD | — 0.18 0.14 +100 
42 F PCD | — 0.17 0.12 +120 
EEPE a hs 036 7.044 4120 
7M PCD | — 0.24 0.12 +95 
66M PCD | e018. 0I S0 
54M HCVD lI + 0.26 0.16 +145 
61M HCVD H F 0.20 0.14 +90 
51M HCVD H * 0.20 0.16 *150 
ga. HCVD HH * 0.14 0.12 *100 
|». 66M HCVD H $ 0.22 0.20 +135 
47M HCVD | — 0.12 0.12 +130 
83 M HCVD | — 0.22 0.16 +90 
WOM. IHcVD 4 ^—  — 0.12 +120 
57M HCVD | 15216042 */ 012; 4410 
| 64M HCVD | EROS 7012 -—110 
64M ASHD H — 0.16 0.15 *180 
63M ASHD Ii + 022 0.15 «100 
— 50M  ASHD | D EE TT dd. o v)40 
67M PMD IV + 022 0.9 - +120 
Pah) ie 20 Waa rte od «4718 
We . 0.008 0.005 5.1 





Hu e = absent; + = present; ASHD = arteriosclerotic heart disease; 

CHF : = congestive heart failure; HCVD = hypertensive cardiovascu- 

lar disease; NYHA Class = New York Heart Association functional 
assification; PCD = primary conduction disease; PMC = primary 
jorerdial disease; SEM - standard error of the mean. 
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Eten utilized for the electrocardiographic diagnosis of 
hese defects were identical to those used in previous se- 
ries. 2-49-13 They included: (1) QRS duration of 0.12 second 
or greater; (2) an rSR or qR configuration of the QRS com- 
plex i in lead V;; and (3) a mean frontal QRS axis between 
+90° and +180° with the presence of a deep S wave in lead 
[ and a small q wave with a tall R wave in lead III (initial 20 
msec vector directed upward and 40 to 60 msec vectors ori- 
ented downward). 

- The study group was part of a large group of patients 
with various types of intraventricular conduction disease 

lowed up in the Chicago West Side Medical Center 

Sook County Hospital, The West Side Veterans Adminis- 
ration Hospital and the University of Illinois Hospital).!4- 
6 During the 5 years from January 1970 to February 1975, 
ill electrocardiograms in these three hospitals were contin- 
1ously screened by members of the respective cardiology 
lepartments, in order to detect the presence of conduction 
lisease. This report details our experience with patients 
with chronic right bundle branch block and left posterior 
1emiblock detected in both the inpatient and outpatient 
lepartments. 

_ Criteria for inclusion in the study were: (1) Presence of 
shronic right bundle branch block and left posterior hemi- 
slock with intact A-V conduction. (2) Absence of clinical 
'ause of right ventricular hypertrophy, which could simu- 
ate. right bundle branch block and left posterior hemi- 
lock! (specifically excluded were patients with mitral ste- 
rosis, chronic obstructive pulmonary disease and congeni- 

al heart disease). (3) Signing of informed consent form for 
‘le trophysiologic study. (4) Agreement to participate in 
| rospective follow-up studies in a conduction disease clinic. 

ients with a history of second or third degree A-V block 
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bundle Aka block abd. left ven homiblocks ZER 
cating acute myocardial infarction were excluded from the 
study. 

Initial evaluation: All patients were hospitalized upon 
entering the study. A complete history and physical exami- 
nation, serial electrocardiograms, chest X-ray films and 


routine laboratory tests were obtained. On the basis of 


these data a clinical diagnosis was established for each pa- 
tient. Diagnostic categories included arteriosclerotic heart 
disease (typical anginal chest pain or evidence of an old 
myocardial infarction, or both), hypertensive cardiovascu- 


lar disease (persistent diastolic pressure greater than 100 


mm Hg), primary myocardial disease (cardiomegaly with- 
out apparent cardiac cause) and primary conduction dis- 
ease (right bundle branch block and left posterior hemi- 
block with normal heart size and without evidence of or- 
ganic heart disease). 

His bundle electrograms were recorded in every patient 
utilizing previously described catheter techniques.!7:!8 


Atrial pacing at increasing heart rates was utilized to val- | 


idate His bundle potentials and to demonstrate latent con- 
duction defects.!? The following intervals were measured in 
milliseconds:'® A-H, a measure of A-V nodal conduction 
time (mean + 2 standard deviations; normal 92 + 38 msec) 
and H-V, a measure of conduction time in the His-Purkinje 
system (normal 43 + 12 msec). Intervals were measured at 
a paper speed of 200 mm/sec and reflect the mean of 10 
consecutive beats. Sinus nodal recovery time was measured 
upon the sudden cessation of atrial pacing at a rate of 130/ 
min (normal 1,680 msec or less).!? Refractory periods of the 
atrium, A-V node and His-Purkinje system were measured 
with the atrial extrastimulus technique.” 

Patient follow-up: After initial evaluation, all patients 


were prospectively followed up in a conduction disease 


clinic at intervals of 1 to 2 months. Each clinic visit includ- 
ed a history, physical examination and 12 lead electrocardi- 
ogram. Electrocardiographic monitoring, by portable tape 
recorder or prolonged inpatient records, or both, was uti- 
lized when transient bradyarrhythmias were suspected. A 
permanent pacemaker was implanted only in symptomatic 
patients with documented bradyarrhythmias. 

No patient was lost to follow-up study during the study 
period. If a patient died outside the hospital, details of the 
death as well as copies of death certificates were obtained. 
Deaths occurring instantaneously or within 3 hours of the 
onset of acute symptoms were classified as sudden." 16 

All information obtained during the initial hospitaliza- 
tion and subsequent clinic visits was recorded by keypunch 
and stored on IRS database system discs. Specially de- 
signed programs were used for data recall and statistical 
analysis. !® 


Results 


Clinical data (Table I): There were 19 men and 2 
women aged 27 to 83 years (mean + standard error of 
the mean 61 + 2.7 years). Ten patients (48 percent) 
had hypertensive cardiovascular disease, three (14 
percent) had arteriosclerotic heart disease, seven (33 
percent) had primary conduction disease and one (5 
percent) had primary myocardial disease. Congestive 
heart failure was present in seven patients (33 per- 
cent) and cardiomegaly by chest roentgenogram in 
nine patients (43 percent). Thirteen of 21 patients 
(62 percent) were in cardiac functional class I (New 


LI 


York Heart Association criteria), seven (33 percent) 


were in class II and one (5 percent) in class IV. 
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TABLE II 
Electrophysiologic Findings (msec) and Follow-Up Data in 21 Patients 


Intervals 
Case A-H H-V Atrial ERP AVN ERP 
no. (92 + 38)* (43 + 12)* (242 + 98)* (300 + 94)* 
1 58 64 225 
82 66 p 
3 77 421 330 
4 93 43 Ac NIC 
5 102 52 280 330 
6 152 43 180 | 370 
7 92 54 380 390 
8 114 80 290 ere 
9 120 50 
10 105 40 MY whe 
11 103 47 230 470 
12 130 52 240 270 
13 65 50 310 bid 
14 152 52 o. 
15 "a 58 Eu 
16 72 41 210 do 
17 70 57 300 330 
18 92. 57 n "M 
19 130 48 u^ 555 
20 125 42 
21 135 45 320 
no. of 
cases 20 21 12 7 
Mean  . 98 52 274 388 
SEM 7.7 2.1 16.7 36.1 


* Normal mean + 2 standard deviations. 
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Follow-Up 
VSCS SRT | 
ERP (988 + 692)* Days Outcome | 
1600 1095 
X 940 817 A +} rd 
530 1393 91 Died of esophageal . 
carcinoma on day91 
is 890 513 2 
450 770 552 
vu 1070 321 
450 920 268 
cu 2100 1231 S-A block developed. 
onday3 | A 
700 571 Died suddenly on 
day 571 tis 
830 748 KS | 
1025 447 ) 
850 378 
800 1149 A 5 
540 668 Died of CVAon  - 
day 668 
E 678 Seg 4 
917 564 
1000 414 
1100 918 ano 
1135 712 2? A-V block 
proximal to m 
H developed 
on day 398 
850 750 2? A-V block devel- - 
oped at unknown | 
site on day 118 | 
4500 1209 e 
3 20 21 
477 1197 671 
26.6 190 68 


TSecond degree atrioventricular block developed distal to the His bundle at a paced rate of 150/min. 
A-V = atrioventricular; AVN = atrioventricular node; CVA = cerebrovascular accident; ERP = effective refractory period; H = His bundle; s- 
= sinoatrial; SEM = standard error of the mean; SRT = sinus nodal recovery time; VSCS = ventricular specialized conduction system. 


Electrocardiographic findings (Table I): 
Twenty of the 21 patients had sinus rhythm at the 
time of study, and 1 had atrial fibrillation. P-R inter- 
vals ranged from 0.12 to 0.26 second (mean + stan- 
dard error of the mean 0.18 + 0.008 second); they 
were prolonged (greater than 0.20 second) in 6 of the 
21 patients. The QRS duration ranged from 0.12 to 
0.20 second (mean 0.14 + 0.005). The frontal QRS 
axis ranged from +90° to +180° (mean 118 + 5.1). 

Electrophysiologic data (Table II): The A-H in- 
terval ranged from 58 to 152 msec with a mean + 
standard error of the mean of 98 + 7.7 msec in 20 pa- 
tients; the interval was prolonged in 3 (15 percent) of 
the 20 patients. The H-V interval ranged from 40 to 
80 msec (mean 52 + 2.1) and was prolonged in 6 (29 
percent) of the 21 patients. Sinus nodal recovery 
time, determined in 20 patients, ranged from 540 to 
4500 msec (mean 1,197 + 190) and prolonged in 2 (10 
percent). 

The atrial effective refractory period, measured in 
12 patients, ranged from 180 to 380 msec (mean 274 
+ 16.7) and was prolonged (greater than 340 msec) in 
1. The A-V nodal effective refractory period, mea- 
sured in seven patients, ranged from 270 to 555 msec 


(mean 388 + 36.1) and was prolonged (greater than 
400 msec) in two. The effective refractory period of 
the ventricular specialized conduction system was de- 
termined in three patients and ranged from 450 to 
530 msec (mean 477 + 26.6). 

Follow-up data: The follow-up period ranged 
from 91 to 1,231 days (mean 671 + 68 days). Progres- 
sion of conduction disease was documented in 2 (10 
percent) of 21 patients. In one (Case 20), types I and 
II second degree A-V block were demonstrated with 
tape recorder monitoring on the 118th day of follow- 
up during hospitalization for recurrent syncope. Ini- 
tial electrophysiologic studies in this patient had re- 
vealed normal conduction intervals and pacing re: 
sponses. Because His bundle studies were not per. 
formed during the episode of second degree A-V 
block, the site of block in this patient was not known 
In the second patient (Case 19), second degree block 
proximal to His bundle occurred on the 398th day ol 
follow-up during hospitalization for congestive heart 
failure. Initial electrophysiologic studies in this pa: 
tient also were within normal limits. 

-Symptomatic bradyarrhythmia due to sinus Koda 
dysfunction was noted in another patient (Case 8) or 
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the 3rd day of follow-up. This patient had a syncopal 
episode 1 week before admission. Tape recorder mon- 
itoring revealed intermittent sinoatrial exit block. 
Initial electrophysiologic studies revealed a normal 
A-H (114 msec) and prolonged H-V (80 msec) inter- 
val. The patient also had a prolonged sinus nodal re- 
covery time of 2,100 msec. No patient in the series 
manifested complete heart block. 
. Permanent pacemakers were implanted in only 
the three patients described (Cases 8, 19 and 20) with 
symptomatic bradyarrhythmia. All have remained 
asymptomatic since pacemaker insertion. 
— Three patients died. In two, the death was not sud- 
den; one (Case 3) dying of esophageal carcinoma (day 
91) and the other (Case 14) of a cerebrovascular acci- 
dent (day 668). The third patient (Case 9) died sud- 
denly (day 571), and autopsy revealed acute antero- 
septal myocardial infarction with total occlusion of 
the left anterior descending artery. 

. Comparison of groups: Patients with primary 
conduction disease were compared with those with 
organic heart disease. There were no significant dif- 
ferences between the two groups in regard to age, sex 
or electrocardiographic or electrophysiologic vari- 
ables. All patients with primary conduction disease 
were in functional class I without evidence of conges- 
tive heart failure. The three patients requiring per- 
manent pacemaker insertion (including the two in 
whom second degree A-V block developed) had or- 
ganic heart disease. The clinical diagnosis in the lat- 
ter two patients was arteriosclerotic heart disease. 
— Patients with a prolonged H-V interval were com- 
pared with those with a normal H-V interval. There 
were no significant differences in clinical features, 
electrocardiographic findings or electrophysiologic 
data. Both patients who experienced second degree 
A-V block had a normal H-V interval. The patient 
manifesting sinoatrial block had a prolonged H-V in- 
terval. 

Discussion 

. Left posterior hemiblock and bifascicular 
block: Isolated left posterior fascicular block (left 
posterior hemiblock) is a rare electrocardiographic 
finding, an observation that reflects several intrinsic 
protective factors relating to the posterior division.! 
These include (1) A dual blood supply, providing par- 
tial protection from ischemic heart disease. (2) A rel- 
atively favorable anatomic location, protecting the 

osterior division from the stress of the left ventricu- 
or ejection. (3) The fact that the left posterior divi- 
sion is the broadest of the three fascicles of the trifas- 
cicular conduction system making left posterior hem- 
‘block less likely with focal conduction lesions. Ac- 
‘cording to Rosenbaum et al.,! left posterior fascicular 
lock usually accompanies right bundle branch block. 
simultaneous involvement of the right bundle 
ranch and the posterior division of the left bundle 
ranch implies the presence of extensive conduction 
lisease, with probable involvement of the remaining 
unctioning fascicle (the anterior division of the left 
'»undle branch). Thus, right bundle branch block 


with left posterior hemiblock is considered a malig- 
nant form of bifascicular block. * 

Prolongation of H-V interval: Recording of His 
bundle electrograms in patients with right bundle 
branch block and left posterior hemiblock provides a 
means of assessing the conduction properties of the 
remaining functioning fascicle. In this setting the 
H-V interval is a measure of conduction time in the 
distal His bundle and the anterior fascicle of the left 
bundle branch system.!? Prolongation of the H-V in- 
terval in patients with right bundle branch block and 
left posterior hemiblock probably represents addi- 
tional slowing in the anterior fascicle and, hence, tri- 
fascicular disease.*! Haft et al.22 described four such 
patients and demonstrated H-V prolongation in two. 
Narula and Samet!! recorded His bundle electro- 
grams in 15 patients with right bundle branch block 
and left posterior hemiblock and reported H-V pro- 
longation (greater than 55 msec) in 80 percent, and 
Levites et al? reported H-V prolongation in 7 (64 
percent) of 11 such patients. The 29 percent inci- 
dence rate of H-V prolongation in our series is there- 
fore low. The reason for this discrepancy is not ap- 
parent. The incidence rate of associated A-V nodal 
disease in our series, as suggested by A-H prolonga- 
tion, was also low (15 percent). 

H-V prolongation in patients with bifascicular 
block may carry a high risk of subsequent heart block 
and is considered by some to be an indication for pro- 
phylactic pacemaker insertion.9?4^ We found no evi- 
dence to support this view. None of our patients with 
H-V prolongation later manifested higher grades of 
A-V block. All are alive and have had a relatively nor- 
mal clinical course. Permanent pacemaker insertion 
was indicated in only one of them because of associ- 
ated sinus nodal dysfunction. Our observations are in 
agreement with a recent report!6 of patients with 
right bundle branch block and left anterior hemi- 
block who were found to have a similar risk of pro- 
gression of conduction disease whether the H-V in- 
terval was prolonged or normal. 

Clinical features: The clinical profile of our pa- 
tients with right bundle branch block and left poste- 
rior hemiblock revealed several interesting features. 
Ninety percent of our patients were male, a finding 
consistent with previous observations of Rosenbaum 
et al.! and Varriale et al.,!? who reported, respective- 
ly, an 86 percent and 75 percent male preponderance 
in patients with right bundle branch block and left 
posterior hemiblock. The most common identifiable 
cause in our series was hypertensive cardiovascular 
disease, which was present in about 50 percent of 
cases (10 of 21 patients). Next in frequency was pri- 
mary conduction disease (bifascicular block without 
other evidence of organic heart disease), which was 
found in 33 percent of our patients. Most of these lat- 
ter patients were elderly and presumably had idio- 
pathic sclerodegenerative lesions of the bundle 
branch system secondary to sclerosis of the left cardi- 
ac skeleton (Lev’s disease).”° In other series, arterio- 
sclerotic heart disease was the most common etiologic 
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factor in patients with chronic right bundle branch 
block and left posterior hemiblock. Ten (44 percent) 
of 24 patients described by Scanlon et al.,!? 5 (42 per- 
cent) of 12 patients cited by Varriale and Kennedy!? 
and 8 (27 percent) of 29 patients reported on by Ro- 
senbaum et al.! were considered to have arterioscle- 
rotic heart disease although the criteria for the diag- 
nosis of arteriosclerotic heart disease were not pre- 
sented. In our series, arteriosclerotic heart disease 
was an infrequent diagnosis, found in only 14 percent 
of our patients. 

Natural history: progression to advanced heart 
block: Progression of chronic right bundle branch 
block and left posterior hemiblock to advanced or 
complete heart block has previously been demon- 
strated.!-?5.1013 Rosenbaum et al.! reported that in 
18 of 29 such patients (62 percent), detected over a 10 
year period, advanced or complete heart block devel- 
oped. The mean follow-up period in their group was 
not specified, and an unspecified number of their pa- 
tients had A-V block initially. Kulbertus and Collig- 
non? reported on five patients with right bundle 
branch block and left posterior hemiblock whose con- 
dition progressed to complete heart block over an 11 
month period, and Castellanos et al? reported on 
four patients whose defects progressed to advanced 
heart block over a period of 7 months. They suggest- 
ed that right bundle branch block with left posterior 
hemiblock was a precursor of complete heart block, 
implying that this combination of defects was an in- 
dication for prophylactic permanent pacemaker in- 
sertion. 

There are two reports suggesting that right bundle 
branch block with left posterior hemiblock is less ma- 
lignant than suggested by the studies cited. Scanlon 
et al.!° described 24 patients followed up for a mean 
of 25 months; progression to higher grades of A-V 
block occurred in 5 patients (21 percent) and 1 pa- 
tient died suddenly. Varriale and Kennedy? reported 
on 12 patients followed up for a mean period of 2.7 
years; none experienced advanced heart block or died 
suddenly. These previously reported studies were re- 
trospective, and details regarding patient selection 
were not specified in most of them.'!9!* In some 
studies, patients were selected only after the develop- 
ment of advanced or complete heart block.?? 

Our series is the first reported prospective study 
on the natural history of patients with right bundle 
branch block and left posterior hemiblock. Docu- 
mented progression of conduction disease was un- 
common, occurring in only 10 percent of patients 
during a mean follow-up period of approximately 2 
years. Surprisingly, in one of our two patients with 
second degree A-V block, the site of block was proxi- 
mal to the His bundle (A-V nodal) and not trifascicu- 
lar. The reasons for the relatively low rate of progres- 
sion of our series is not apparent. There are several 
possible explanations: (1) The true incidence of pro- 
gression has been overestimated by some previous 
workers.'-? In keeping with this are conflicting re- 
ports regarding frequency of progression of conduc- 
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tion disease: Varriale and Kennedy? (0 percent), 
Scanlon et al.!° (21 percent) and Rosenbaum et al.’ 
(62 percent). We tend to favor this explanation. (2) 
The previously reported series of Rosenbaum et al. 
had a high proportion of patients (35 percent) suffer- 
ing from myocarditis due to Chagas’ disease. This. 
disease produces widespread involvement of the con- 
duction system, and prognosis of bifascicular block 
may be particularly unfavorable.6 In our series, 
there was a high incidence rate of hypertensive car- 
diovascular disease and primary conduction disease, 
which may be clinically benign. The diagnosis in both. 
of our patients with progression to second degree A-V 
block was arteriosclerotic heart disease. The progno- 
sis of bifascicular block may reflect the clinical cir- 
cumstances in which the conduction disease oc- 

curred.!® (3) The incidence of progression in our se- 
ries may be slightly underestimated. We considered 
progression only when advanced A-V block was docu- 
mented electrocardiographically. It is possible that 
asymptomatic periods of intermittent heart block 
that escaped documentation could have occurred i in 
our patients. However, the prospective nature of our 
study should have maximized the diagnostic yield of 
patients with progression of disease. (4) The follow- 
up period in our study is relatively short. It is likely 
that additional patients will manifest progression of 
conduction disease in the future. 

The clinical course of our patients with right bun- 
dle branch block and left posterior hemiblock was 
surprisingly benign. Congestive heart failure was 
present in a third of the patients, and more than 90 
percent were in cardiac functional class I or II. The 
incidence rate of syncope was 15 percent (3 of 21 pa- 
tients)!? as compared to the 50 percent rate reported 
by Rosenbaum et al.,! and sudden death occurred in 
only one patient. Symptomatic conduction disease 
occurred, but could be definitely related to trifascicu- 
lar disease in only one patient. 

Clinical implications: The following concisa 
are suggested by this study. Right bundle branch 
block with left posterior hemiblock is associated with 
less trifascicular disease than reported previously. In 
patients with intact A-V conduction the clinical 
course is relatively benign with a small incidence of 
Adams-Stokes attacks and sudden death. Progres- 
sion to advanced or complete A-V block is uncom- 
mon and limited to those with diagnosed organic 
heart disease. Our short-term data suggest that pro- 
phylactic demand pacemaker insertion is not rou- 
tinely indicated in asymptomatic patients with 
chronic right bundle branch block and left posterior 
hemiblock with intact A-V conduction although a 
longer follow-up period is indicated. These conclu- 
sions do not apply to patients with similar conduc- 
tion defects complicating acute myocardial infarc- 
tion. | 
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The sensitivity of various systolic time intervals and measurements de- 
rived from the first derivative (dp/dt) of the calibrated apex cardio- 
gram were investigated to assess the value of this noninvasive method 
for detecting changes in myocardial contractility in man. The electro- 
cardiogram, carotid arterial pulse tracing, phonocardiogram and cali- 
brated apex cardiogram were simultaneously recorded on frequency 
modulated magnetic tape in 15 normal subjects before and after ad- 
ministration of angiotensin, isoproterenol and propranolol. All measure- 
ments, including the ratio (dp/dt)/P, a new variable derived from the 
apex cardiogram, were obtained by computer wave recognition and 
measurement programs. 

Significant changes occurred mainly in the early phases of the car- 

diac contraction cycle. Whereas systolic time intervals provided indi- 
rect information in regard to the rate of rise of intraventricular pres- 
sure, more direct information on changes in myocardial contractility 
was obtained from the rate of rise of the apex cardiogram. Mean con- 
trol values for (dp/dt)/P derived from the calibrated apex cardiogram 
ranged between 29 and 35. These values are comparable with re- 
ported (dp/dt)/P ratios derived from left ventricular pressure data. A 
significant increase in (dp/dt)/P of the apex cardiogram was provoked 
by isoproterenol. The results of our study suggest that (dp/dt)/P of the 
calibrated apex cardiogram may be useful as a new noninvasive index 
of myocardial contractility. 
Noninvasive techniques for cardiac evaluation have received sien 
attention in recent years. Measurement of systolic time intervals, 
such as preejection period (PEP), left ventricular ejection time 
(LVET) and the ratio PEP/LVET has been emphasized by Weissler 
and associates.':2 Other subdivisions of systole have successfully been 
used for indirect evaluation of cardiac contractility.?? However, most 
of these intervals are influenced by many variables, such as ventricu- 
lar volume and preload, peripheral resistance as well as the level of 
neurohumoral cardiostimulatory activity. Only with accurate control 
of these variables can the response in systolic time intervals be em- 
ployed as a quantitative measure of myocardial contractility." 

Recently, more direct methods have been introduced for detecting 
changes in the myocardial contractile state in intact man. Measure- 
ment of the time from the onset of ventricular contraction to the 
peak of the first derivative (dp/dt) of the apex cardiogram has been 
advocated by Reale. Since the introduction of calibrated apex cardi- 
ography, other indexes related to the magnitude of dp/dt of the apex 
cardiogram have been proposed.’ 

The purpose of this study was to compare the sensitivity of differ: 
ent systolic time intervals and measurements derived from dp/dt of 
the apex cardiogram i in the noninvasive assessment of left ventricular 
performance in man. Specifically, we determined the effect of vasoac- 
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FIGURE 1. Schematic representation of lead Il of the electrocardio- 
gram, the phonocardiogram, carotid arterial pulse wave and apex 
cardiogram. F and | — upstroke and incisura of the carotid arteria! 
)ulse wave; C and O = beginning and nadir, respectively, of the 
apex cardiogram; Q = onset of QRS complex; S, and S, = onset of 
he first and second heart sounds. 


tive drugs on the ratio (dp/dt)/P derived from the 
apex cardiogram, a recently introduced measure- 
ment.9-!! This ratio was computed in a manner anal- 
ogous to that of the ratio (dp/dt)/P derived from left 
ventricular pressure data. The latter is used to deter- 
mine maximal no-load velocity of shortening of myo- 
cardial elements since it is said to be essentially inde- 
pendent of preload and afterload.!?!? The measure- 
ment of the various indexes was performed by com- 
puter pattern recognition and measurement pro- 
zrams with clearly defined criteria. 


| Methods 
Material and Procedures 


Fifteen subjects, 14 male and 1 female, all without car- 
liovascular disease were studied. Their ages ranged from 
L9 to 47 years. The electrocardiogram (lead II), phonocar- 
liogram, carotid arterial pulse tracing and apex cardiogram 
vere recorded simultaneously on magnetic tape before, 
luring and after infusion of vasoactive drugs. Angiotensin 
vas used to increase total peripheral resistance, and isopro- 
ierenol and propranolol were used to alter myocardial con- 
ractility. The first two drugs were administered to 10 
iubjects by slow intravenous infusion after dilution in nor- 
nal saline solution. Infusion rates ranged from 0.5 to 3 ug/ 
nin. Infusion was regulated to obtain a significant change 
n indirect arterial pressure as determined by frequent 
nonitoring. Propranolol was injected intravenously 25 
ninutes after the end of the isoproterenol infusion, in a 
otal dose of 5 mg in 10 subjects and 10 mg in an additional 
rroup of 5 subjects. Control recordings were obtained be- 
ore each intervention. Sufficient time (15 to 20 minutes) 


for a return to the normal state was allowed between peri- 
ods of drug administration. Angiotensin was always given 
first, followed by isoproterenol and propranolol. 


Recording Equipment 


Heart sounds were recorded with a Hewlett-Packard dy- 
namic microphone and amplifier using a high-pass filter 
with nominal frequency cut-off of 100 hertz. The micro- 
phone was placed over the upper part of the precordium in 
a position optimal for recording the initial high frequency 
vibrations of the first and second heart sounds. 

The transducers and methods used for recording the ca- 
rotid arterial pulse tracing!^ and apex cardiogram?/^ have 
previously been described. Both systems have an infinite 
time constant and delay time of less than 1.5 msec. The 
apex beat was recorded with the patient in the left recum- 
bent position and in expiratory apnea. The curves were 
monitored on a four channel oscilloscope. Apical impulse 
recordings were calibrated in units of pressure variation 
(mm Hg) as previously reported.^!^ These recordings 
graphically depict the pressure or force exerted by the 
heart on the thoracic wall during contraction. Conversion 
of the analog data to digital form was carried out with a 
sampling rate of 250 points/sec. 


Measurements and Calculations 


Various systolic time intervals were obtained using auto- 
matic wave recognition and measurement programs, details 
of which have been published.!6 The computer programs 
have been implemented to locate the C and O points of the 
apex cardiogram and the onset of the first heart sound. 

The magnitude of the first derivative of the calibrated 
apex cardiogram expressed in millimeters of mercury per 
second, and the time from the onset of the systolic rise (C 
point) of the apex cardiogram to the location of peak dp/dt 
were calculated from the values on digital tape. The ratio 
(dp/dt)/P of the apex cardiogram was computed every 
fourth msec over an interval of 112 msec starting 12 msec 
after point C of the apex cardiogram. Only the maximal 
(dp/dt)/P ratios obtained during this interval in the control 
records and those obtained during drug administration 
were compared. The protodiastolic nadir (O point) of the 
calibrated tracing was used as reference level for the deter- 
mination of pressure. Total height of the apex cardiogram 
was measured as the vertical distance between point O and 
the highest point of the systolic deflection of the apex car- 
diogram. 

Calibrated apex cardiograms do not differ in configura- 
tion from the uncalibrated standard displacement apex 
cardiogram when these tracings are recorded with devices 
that have an adequate time constant. When digital proce- 
dures are used to compute the first derivative, one can also 
derive (dp/dt)/P ratios from uncalibrated recordings. Be- 
cause changes in recording gain with such techniques alter 
dp/dt to an extent similar to the height of the curve, the 
quotient (dp/dt)/P remains unaffected. 

The following intervals of the cardiac cycle were auto- 
matically calculated (Fig. 1): 

1. Total electromechanical systolic interval (Q-S2), mea- 
sured from onset of the QRS complex to the first high am- 
plitude, high frequency vibrations of the aortic component 
of the second heart sound. 

2. Left ventricular ejection time (LVET), measured 
from beginning of the upstroke to the incisura of the carot- 
id arterial pulse tracing. 

3. Preejection period (PEP), derived by subtracting left 
ventricular ejection time from the Q-S» interval. 
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TABLE | 
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Systolic Time Interval Measurements (msec) and Ratios Without Correction for Heart Rate* 





Study 1 (no. = 10) 


Study 2 (no. = 8) 


Study 3 (no. » 15) 


Measurement Control Angiotensin Control Isoproterenol Control Propranolol 

Q-S, 376 + 47 409 + 49 379 + 45 319 + 38 386 + 39 405 + 37 

LVET 275 + 38 292 * 33 277 * 36 239 + 39 281 + 32 287 + 26 

PEP 101 + 20 116 + 27 102 + 21 78 +11 105 + 15 118+ 21 

S-S, 310 + 45 344 + 41 313 + 36 254 + 38 314 + 35 338 + 31 c 
AT 35 * 12 39 +14 33 * 11 29+ 7 33 £t. 7 374 7 3 
Q-S, 61+ 8 62+11 65 +10 64+ 7 67+ 8 64:12 — A 
ICT 64 + 17 76 + 21 59 * 13 46+ 7 68 + 11 76 * 16 d 
ICT, 25 A 21+ 6 28 * 12 322.5 332 5 25+ 9 £ 
ICT, 39 + 20 54 * 23 38 + 14 17+ 5 36* 9 52 +13 

C-O 453 * 64 504 + 51 451 + 35 396 + 43 463 * 36 484 * 35 

S,-O 104 + 28 124 +17 96 +10 83 + 22 109 + 16 115+ 15 
PEP/LVETt 37+ 8 40+ 9 37+ 8 34+ 8 38+ 6 41+ 7 
LVET/ICT, 8.7+ 4.4 6.5+ 3.1 8.4+ 4.1 15.3* 5.5 8.3+ 2.6 58+ 18 H 
C-O/LVETT 160 + 10 168 + 10 155+ 7 153+ 8 161+ 6 165+ 8 | 





* Values are expressed as means * standard deviation. Relations between the various time intervals ( for example, ICT 
always preserved in this table because the number of cycles used differed for different time intervals. 


t Ratios multiplied by 100. 


AT = electromechanical activation time; C-O = 
ICT, = interval between C point of apex cardiogram and onset of first heart sound; ICT, = 
sounds minus left ventricular ejection time; LVET = 


interval between C and O points in the apex cardiogram; ICT = 


left ventricular ejection time; PEP = preejection period; Q-S, = 


isovolumic contraction time; - 
interval between onset of first and second heart - a 
interval from onset of QRS 


= ICT, + ICT,) are not 
T 


2) 


complex to onset of first heart sound; Q-S,= total electromechanical systolic interval; S,-S, = interval between. onset of first heart sound and . 


beginning of aortic component of second heart sound; S,-O = 


TABLE II 


interval from beginning of second heart sound to O point of apex cardiogram. 


Percent Change in Systolic Time Intervals and Ratios and Their Statistical Significance After Correction for the Effects of Heart Rate 








Angiotensin Isoproterenol Propranolol 
Measurement 96 P 96 P 96 P 
Q-S,* *1.8 «0.05 —8.6 «0.0005 *1.5 «0.025 
LVET* —0.3 NS —5.6 «0.01 —1.9 «0.025 
PEP* *9.5 «0.01 —17.7 «0.005 *9.0 «0.005 
S,-S,* +4.4 <0.005 —12.4 <0.0005 +3.5 <0.01 
AT* —8.3 NS +11.5 NS +3.1 NS 
Q-S,* —7.0 NS *7.2 NS —7.1 «0.01 
ICT +18.5 <0.05 —22.8 <0.05 +11.4 <0.025 
ICT, —33.3 <0.025 +15.1 NS —24.1 <0.025 
ICT, +39.6 <0.005 —55.3 <0.005 *45.1 «0.0005 
C-O* +6.2 <0.0005 —7.7 <0.01 +2.0 NS 
S,-O* *15.9 «0.005 —2.6 NS +2.3 NS 
PEP/LVET Thaw <0.05 —9.6 <0.05 *9.9 «0.005 
LVET/ICT, —26.2 <0.005 +80.7 <0.005 —29.1 <0.005 
C-O/LVET +5.6 <0.025 —1.2 NS +2.3 =0.06 





* Correction for the effects of heart rate was made for these intervals. 


NS = not significant; P = probability value; other abbreviations as in Table |. 


4. PEP/LVET ratio. 

5. Interval from onset of the QRS complex to onset of 
the first heart sound (Q-S;) and interval between onset of 
the first heart sound and beginning of the aortic compo- 
nent of the second heart sound (S,-S;). 

6. Electromechanical activation time (AT), measured 
from onset of the QRS complex to onset of the systolic up- 
stroke of the apex cardiogram. 

7. Interval between the C point and the O point (C-O) 
on the apex cardiogram and the ratio of this interval to left 
ventricular ejection time. 

8. Isovolumic contraction time (ICT), derived by sub- 
tracting the electromechanical activation time from the 
preejection period. The isovolumic contraction time was di- 
vided into two components: ICT}, the interval between the 
C point of the apex cardiogram and the onset of the first 


heart sound, and ICT;, derived by subtracting the left ven- 
tricular ejection time from S;-So. The ratio IOT;/LVET 
was also computed.* ; 

9. Time from the beginning of the second heart saund to 
the O point of the apex cardiogram (S2-0), which is related 
to the isovolumic relaxation period. 

Heart rate was determined by dividing the average R-R- 
interval into 60. For all measurements representative 
values were calculated from the beats available in 5 seconds 
of recording. Three to four sets of recordings were available - 
for each of the three periods of drug administration and the- 
three corresponding control periods. Only the mean values: 
of these sets were used in the final analysis. 

To correct for the effects of heart rate all time interval 
that were significantly correlated with heart rate were ex- 
pressed as a percent of the normal predicted values using 
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our own regression » equations dd thoss of Weissler et al ! 
"The regression equations relating various intervals (in mil- 
liseconds) with heart rate used for correction for heart rate 
were calculated from the results of the control recordings. 
The equations for Q-S», S;-S», left ventricular ejection 
time, preejection period and the Q-S, interval were very 
‘similar to those described by Weissler et al.!:!7 

e The statistical significance of the differences between 
values obtained during the control and corresponding drug 
intervention periods was calculated using Student's one- 
tailed paired t test. 


RIS Results 


 Angiotensin increased the blood pressure from an 
average of 121 + 14 mm Hg systolic and 73 + 9 dia- 
stolic to 148 + 14 and 101 + 7 mm Hg, respectively. 
After isoproterenol, systolic blood pressure increased 
by an average of 11 mm Hg and diastolic pressure de- 
creased by 6 mm Hg. No significant change in blood 
pressure occurred after injection of propranolol. 
‘Heart rate was slowed by angiotensin from a mean 
control value of 75 + 12 beats/min to 66 + 10; it in- 
creased by 20 beats/min after isoproterenol and de- 
janes by 12 beats/min after propranolol. 
. Influence of vasoactive drugs on systolic time 
intervals: The effects of angiotensin, isoproterenol 
propranolol on various systolic time intervals 
ind on ratios derived from these intervals are given 
Tables I and II. Table I lists the results without 
ah for heart rate, and Table II shows the per- 
ec deviations in various intervals after correction 
r heart rate. The most striking changes occurred in 
ihe preejection period and isovolumic contraction 
phases. The direction of these changes was in agree- 
ment with findings by others.!8-2° 
The preejection period increased significantly after 
angiotensin and propranolol and decreased after iso- 
EM À significant decrease occurred after iso- 
'ABLE TT 
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MERI Study 1 (no. = 6) 


Ei Time C-maximal 54 * 18 49 * 7 
dp/dt (msec) 
- .Maximal dp/dt 555 + 246 435 * 136 
| j^ (mm Hg/sec) 
Time C-maximal 33 +7 33 +5 
(dp/dt)/P 
29.7 + 5.2 33.4 + 6.0 


n _ Maxima (dp/dt)/P 
5 


TABLE Iv 


Percent nee i in bua Cardiogram Derivative Measurements and Their Statistical Significance After Correction for the Effects of Heart Rate 





626 * 274 
34 * 7 
33.7 * 6.6 


proterenol in the Q-S and S;-S» intervals, left ven- 
tricular ejection time and the isovolumic contraction 
phase. The lengthening of Q-S after angiotensin was 
mainly due to prolongation of the preejection period 
since left ventricular ejection time was not signifi- 
cantly affected. Angiotensin did prolong the Ss-O in- 
terval, which is related to the isovolumic relaxation 
period. The interval C-O of the apex cardiogram, 
which includes the isovolumic contraction time, left 
ventricular ejection time and S»-O, increased signifi- 


cantly after angiotensin and decreased after isopro- 


terenol. The ratio PEP/LVET demonstrated less al- 
teration than the ratio LVET/ICT». 

Effects of the vasoactive drugs on the apex 
cardiogram: There were no significant changes in 
total systolic deflection of the calibrated apex cardio- 
gram induced by the drugs. 

Maximal dp/dt of the apex cardiogram was signifi- 
cantly correlated with heart rate (r = 0.40; no. = 90). 
The slope of the regression equation obtained in 
these 15 subjects was 6.4. In other words the magni- 
tude of dp/dt of the calibrated apex cardiogram in- 
creased approximately 64 mm Hg/sec when heart 
rate increased 10 beats/min. 

Isoproterenol provoked a significant (P «0.05) in- 
crease of 56 percent in magnitude of peak dp/dt of 
the calibrated apex cardiogram even after correction 
for the effect of heart rate. The respective average 
decreases seen after propranolol and angiotensin 
were 17 (P «0.025) and 7 (not significant) percent of 
the corresponding control values. 

The time from the onset of the systolic rise of the 
apex cardiogram to peak dp/dt decreased by 23.9 per- 
cent, but this change was not significant after correc- 
tion for the effect of heart rate. The peak time inter- 
val remained essentially unchanged after administra- 
tion of angiotensin and propranolol (Table III). 


ans and Standard Deviations of Measurements Derived from the Derivative of the Apex Cardiogram 


Study 2 (no. = 5) Study 3 (no. = 10) 


a Measurement Control Angiotensin Control Isoproterenol Control Propranolol 
NE 


54-79 


43*6 53 +8 54+ 11 
1058 + 420 601 + 237 464 + 158 
28 + 11 34 * 11 33 11 
57.3 + 20.2 35.7 + 4.9 33.6 + 4.9 








m EE “OF Angiotensin Isoproterenol Propranolol 

i 2 | ! ` Measurement % P % P % P 

-Time C-maximal dp/dt (msec) E NS —23.9 NS —3.6 NS 

^ Maximal dp/dt (mm Hg/sec) 93 NS +55.7 =0.05 —16.7 <0.025 

S .. Time C-maximal (dp/dt)/P 0.0 NS —17.1 «0.05 —5.2 S 
Maximal (dp/dt)/P E irc «0.025 +69.7 <0.025 —5.9 -0.06 





oe “Correction for the effects of heart rate was made for the time from C to maximal dp/dt and maximal dp/dt, which were significantly cor- 
related with. Ake rate. | 
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"The magnitude of the actual maximal ratio (dp/ 
dt)/P ranged between 29 and 35 during the control 
recordings. In any given subject, measurement of 
maximal ratio (dp/dt)/P from the apex cardiogram 
was highly reproducible during the different control 
periods. 

Peak (dp/dt)/P ratio derived from total pressure 
variations of the apex cardiogram increased signifi- 
cantly by almost 70 percent (P «0.025) after isopro- 
terenol but was only slightly affected by propranolol 
and angiotensin (Table IV). The increase after angio- 
tensin was significant (P 0.025), whereas the 
decrease after propranolol reached the significant 
level of P = 0.06. After isoproterenol the peak (dp/ 
dt)/P ratio of the apex cardiogram occurred 6 msec 
earlier than during the control period. The maximal 
(dp/dt)/P ratio occurred on average 28 to 34 msec 
after point C of the apex cardiogram and fell always 
within the isovolumic contraction phase (Table III). 

The typical effects of the three drugs are depicted 
in Figures 2 to 4. 


Discussion 


The rate of rise of intraventricular pressure has 
commonly been used to evaluate the contractile state 
of the heart.!? In this investigation we used various 
systolic time intervals and measurements related to 
rate of rise of the apex cardiogram to assess changes 
in rate of rise of left ventricular pressure in a nonin- 
vasive approach to study cardiac performance. 


Systolic Time Intervals 


Changes in systolic time intervals induced by va- 
soactive drugs occurred mainly in the early phases of 
contraction. The preejection period and isovolumic 
contraction phase decreased significantly after iso- 
proterenol and increased after administration of an- 
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FIGURE 3. Effect of aon. Note the increase in total deflection 
of the apex cardiogram and the change in systolic configuration in B, 
consisting of obliteration of the E point and a further rise in the sys- 
tolic plateau. This sustained character of the apical impulse is typical 
.for pressure-loaded situations. The vertical bars correspond to 20 
mm Hg. Abbreviations as in Figure 2. 
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giotensin and propranolol. The shortening or Vsus 

ening in time required for intraventricular pressure 
to reach arterial diastolic pressure levels provide in- 
direct evidence that the rate of rise of left ventricular 
pressure is being affected by these drugs. It is widely 
recognized, however, that hemodynamic variables 
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FIGURE 2. Effect of isoproterenol. A, control. B, after infusion. The 
systolic rise of the apex cardiogram in B is much steeper than in A 
and the systolic plateau presents a retraction, a feature charactsris- 
tic of high velocity of contraction and decreased left ventricular vol- 
ume. The dp/dt of the apex cardiogram was not recorded as an ana- 
log signal and is therefore not represented on this figure. For expla- 
nation see Methods. ACG = apex cardiogram; CAR = carotid arteri- 
al pulse tracing; ECG = electrocardiogram; Phono = Mise. 
gram. 
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FIGURE 4. Effect t of breit 5 mg PIENA S A, acuta: B, 
after intravenous injection. Heart rate decreased by 10 beats/min. 
No significant changes in configuration are visible. APO 

in Figure 2. 
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other than myocardial contractility alter the tempo- 
ral phenomena of the cardiac contraction cycle. The 
most important factors are heart rate, peripheral re- 
sistance and afterload, ventricular end-diastolic fill- 
ing pressure or preload, stroke volume and the ven- 
tricular activation pattern.!-5-17-21 Only when all 
these variables are kept constant or taken into con- 
sideration do changes in systolic time intervals reflect 
changes in the rate of rise of intraventricular pressure 
and myocardial contractility.® 

—. No significant differences between control values 
for electromechanical activation time and results 
after isoproterenol, propranolol or angiotensin could 
be demonstrated in our study. Changes in preejection 
period induced by these drugs are thus mainly due to 
alterations in isovolumic contraction time. The in- 
crease in diastolic blood pressure was mainly respon- 
sible for the increase in preejection period and isovo- 
lumic contraction time after angiotensin, as well as 
for the observed increase in the S5-O interval, which 
is related to the isovolumic relaxation period.?? A di- 
minished stroke volume or decreased myocardial con- 
tractility should be considered responsible for most 
of the changes in systolic time intervals induced by 
-propranolol.!5?/!? Both a decrease in diastolic pressure 
and an enhanced rate of rise of intraventricular pres- 
sure were elicited by isoproterenol, leading to the de- 
crease in preejection period, isovolumic contraction 
‘time and left ventricular ejection period, the small 
decrease in PEP/LVET ratio and the change in 
-LVET/ICT?» quotient. The effect of adrenergic recep- 
tor activation and blockade on systolic time intervals 
as been studied extensively by Harris et al.!8 and 
others.!9.20 

_ Whereas systolic time intervals provide indirect 
evidence of changes in the rate at which intraventric- 
ular pressure rises, more direct information in this 
respect can be gained from the first derivative of the 
apex cardiogram. 


Apex Cardiographic Measurements 


A significant correlation between simultaneously 
recorded first derivatives of the apex cardiogram and 
left ventricular pressure has been demonstrated by 
several authors.9-11.2? 

Peak dp/dt time: The time interval from the 
onset of ventricular contraction to the peak of the 
first derivative of the apex cardiogram decreased sig- 
nificantly after isoproterenol in our study, confirming 
the observations of Reale. But the shortening of this 
interval, as well as its prolongation after propranolol, 
‘was not significant after correction for the effects of 
heart rate. 

. Magnitude of the first derivative: Calibration of 
the apex cardiogram using devices recording precor- 
dial movement?4^?^ and variations in precordial pres- 
sure?1^5 made it possible to include the magnitude 
of the first derivative in the evaluation of the con- 
tractile state of the heart. Positive inotropic inter- 
ventions in dogs provoked a marked increase in peak 
dp/dt of both the apex cardiogram and left ventricu- 


lar pressure, whereas negative inotropic interven- 
tions, vagal stimulation and propranolol had the op- 
posite effect." The data from our study confirm these 
observations. The percent change in dp/dt of the 
apex cardiogram exceeded the percent change of al- 
most all the systolic time intervals, thus indicating 
that dp/dt of the apex cardiogram is not only more 
specific, but also more sensitive in detecting changes 
in rate of rise of left ventricular pressure. However, 
the usefulness of even left ventricular dp/dt is limit- 
ed because this index is also influenced by factors ex- 
traneous to contractility, such as variations in heart 
rate, ventricular preload and afterload.? We ob- 
served a significant correlation between the rate of 
rise of the apex cardiogram and heart rate. The same 
was found for left ventricular dp/dt in dogs by other 
investigators.?9?" Furthermore, calibrated apex car- 
diography is still largely dependent on the recording 
technique. Although standardization can reduce the 
intraindividual variability, total height of the curves, 
and hence also of the derivative, may vary according 
to the respiration phase and the position of the pa- 
tient.!! 

Ratio (dp/dt)/P from the apex cardiogram: Use 
of maximal dp/dt as a measure of myocardial con- 
tractility has been mostly replaced by the normalized 
ratio (dp/dt)/P based on left ventricular pressure 
data.!?1? It has been shown that the ratio of the rate 
of rise to the simultaneous ventricular pressure ap- 
proximates, under certain assumptions, the contrac- 
tile element velocity during isovolumic systole. The 
maximal no-load velocity of myocardial contractile 
elements (Vmax) obtained by extrapolation of pres- 
sure velocity data, as well as the actual maximal 
shortening velocity, was found useful in separating 
patients with cardiac failure from normal 
subjects. !2-13,28,29 

The high correlation between first derivatives ob- 
tained from apex cardiography and left ventricular 
pressure curves suggested that a similar ratio (dp/ 
dt)/P based on the apex cardiogram might be of 
value.’ A significant correlation could be demon- 
strated between the ratio dp/dt to instantaneous P 
from simultaneously recorded apex cardiograms and 
left ventricular pressure data in dogs subsequently 
investigated during various hemodynamic interven- 
tions.10.11 

The mean value for (dp/dt)/P based on the apex 
cardiogram in our study in normal subjects ranged 
between 29 and 35. In any given subject, measure- 
ments of the ratio (dp/dt)/P were highly reproducible 
during the three different control periods occurring 
approximately 45 minutes apart. 

The consistency of the results based on the rate of 
rise of the apex cardiogram as well as on various time 
intervals may partly be due to the automatic wave 
recognition programs and the computer analysis used 
in our study. Computer programs depend on clearly 
defined criteria rather than on subjective impressions 
in the delineation of the onset of the various waves.!® 
The values of (dp/dt)/P of the apex cardiogram re- 


ported here are only slightly lower than maximal ra- 
ties of left ventricular (dp/dt)/P derived by several 
investigators!??990 from the isovolumic phase in 
man. 


Clinical Implications 


The influence of angiotensin on “myocardial con- 
tractility" in the intact heart is not well known. The 
lengthening of the preejection period and PEP/ 
LVET ratio may indicate a possible decrease in con- 
tractility. However, the ratio (dp/dt)/P of the apex 
cardiogram increased slightly but significantly in our 
study, pointing to a possible increase in “myocardial 
contractility.” The fact that only barely significant 
alterations were seen after administration of pro- 
pranolol may be attributed to the use of rather small 
doses and to the generally reduced sympathetic tone 
in the normal resting subject, which leaves little room 
for the beta adrenergic blocking agent to demon- 
strate its influence. However, the marked increase in 
(dp/dt)/P of the apex cardiogram after administra- 
tion of isoproterenol, consistent with the enhanced 
myocardial contractile state, suggests that this new 
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measurement may be useful as an indirect noninva- 
sive index of myocardial contractility. | 

The value of (dp/dt)/P of the apex cardiogram in 
estimating cardiac function must await further stud- 
ies in patients with cardiac abnormalities, especially 
those with heart failure. The few investigations per- 
formed thus far in patients with heart disease??! 
seem to underscore the expectations prompted by ex- 
perimental studies in dogs. pO LI 

It is important to stress that apex cardiograms. 
should be recorded with adequate apparatus.?? 25 
When they are recorded with devices that have too 
short a time constant already partially differentiated 
curves are obtained. The relations of such curves to 
their derivative may not be quantitatively compara- 
ble with results obtained from tracings recorded with 
devices having a sufficiently long time constant. 
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This report concerns pathologic findings in a 54 year old woman with 
intermittent preexcitation who died of carcinoma of the breast. Elec- 
trocardiograms revealed predominantly normal sinus rhythm with a 
normal P-R interval and narrow QRS complex. Episodes of sinus 
rhythm, short P-R interval and QRS widening (with delta wave) were 
also recorded. During preexcitation QS complexes were noted in leads 
Il, IIl, aVF, V4 and V, to Ve. Delta waves were negative in leads II, Ill, 
aVF and V4, isoelectric in leads V, to Vg and positive only in leads I, 
aVL, V2 and V3. This case thus defies classification into any known va- 
riety of preexcitation. 

Complete serial sections, cut through the entire conduction system 
and both atrioventricular (A-V) rims, totaled 18,600 sections. These 
revealed no bundle of Kent. Instead, Mahaim fibers histologically iden- 
tified as His bundle tissue gave off from the A-V bundle to both the 
right and the left sides of the septum associated with the normal fibers 
of James. This case reveals that (1) fibers of James can bypass the 
A-V node, (2) fibers of Mahaim can conduct, and (3) there are types of 
preexcitation in addition to types A and B. 


This report concerns a clinically unusual case of intermittent Wolff- 
Parkinson-White syndrome. The conduction system of the heart and 
both atrioventricular (A-V) rims were serially sectioned, and the 
findings showed that the fibers of James! and Mahaim? probably 
played a role in the genesis of the preexcitation. 


Clinical Review 


This 54 year old woman had a right radical mastectomy for carcinoma of 
the breast in December 1953. She did well for 5 years. However, in the fall of 
1958 metastasis developed to the thyroid and lungs. A hemithyroidectomy 
and pituitary stalk resection were performed. In November 1959 she had a 
total hypophysectomy. In April 1960 enlarged cervical lymph ncdes were 
noted with evidence of liver disease. The patient was treated with predni- 
sone, and liver function returned to normal. 

Between July and September 1960 she had signs of congestive heart fail- 
ure, arrhythmias and pericardial effusion. Tumor cells were present in the 
pericardial fluid. Accordingly, in September 1960 she was given a dose of 
3,000 rads to the mediastinum. Her subsequent course deteriorated progres- 
sively and she died in November 1960. 


Analysis of Electrocardiograms 


An electrocardiogram on September 9, 1958 (Fig. 1, left panel) was within 
normal limits, with a P-R interval of 0.16 second and a narrow QRS complex. 

An electrocardiogram on August 19, 1960 (Fig. 1, right panel) revealed a 
sinus tachycardia with a normal P-R interval, narrow QRS complex, a Qs- T4 
pattern, and nonspecific S-T and T wave changes, possibly caused by digital- 
is. Low voltage of the QRS complex had developed in all leads. 

Two electrocardiograms taken on November 8, 1960 (Fig. 2) revealed atri- 
al fibrillation and atrial flutter (not illustrated) with ventricular response av- 


eraging approximately 100/min. Two types of ventricular 
complexes were present on both occasions, one a narrow, 
the other a prolonged QRS complex. Narrow complexes 
characterized by a frontal QRS axis of approximately +45° 
resembled those recorded on August 19, 1960. The wide 
complexes (QRS 0.12 second) were characterized by a QS 
configuration and upright T waves in leads II, III, aVF, Vj, 
Vs and Vg and by an rS configuration in leads Və to V4. 
These wide complexes occurred singly and in groups of two 
and three. When occurring as triplets, they were irregular. 
Subsequent electrocardiograms obtained during sinus 
rhythm demonstrated that these wide complexes reflected 
preexcitation (see later). 

An electrocardiogram on November 9, 1960 (Fig. 3) re- 
vealed conversion to sinus rhythm with ventricular preexci- 
tation. The P-R interval was 0.10 second, and the QRS du- 


ration 0.12 second; delta waves were present. The pattern 


of preexcitation fitted no previously reported classification, 
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in that QS complexes were present in leads II, III, aVF, V4 _— 
and V4, to Ve. Delta waves were negative in leads II, III, . 
aVF and Vi, isoelectric in leads V4 to Vg and positive only 
in leads I, aVL, V» and Vg. Initial depolarization was thus - 
directed leftward and superiorly in the frontal plane and — 
directed toward leads Vo and V4 and away from V4 and V4 
to Ve. It is difficult to visualize the ventricular activation | 
sequence during preexcitation. The limb leads and lead V4 . 
suggest preexcitation of the posterior right ventricle. The © 
QS configuration in leads V4 to Vg suggests preexcitation of 
the apex or left lateral wall, or both. 
An electrocardiogram on November 15, 1960 (Fig. 4) re- — 
vealed sinus rhythm, enlarged P waves, a normal P-R inter- | 
val of 0.18 second, an axis of —60? and a narrow QRS com- . 
plex resembling those seen in Figure 1 (right panel). How- 
ever, the T waves were now inverted in leads I, III, aVL and . 
aVF and from V3 to Ve, and the S-T segment was de- 
pressed in leads II and V3 to Vg. dur 





FIGURE 1. Electrocardiograms of September 9, 1958 and August 19, 1960. The P-R interval and QRS duration are normal in both. Low voltage . 


and an abnormal ST-T configuration are evident in the 1960 tracing. 


FIGURE 2. Electrocardiogram of November 
8, 1960. The tracing reveals atrial fibrillation 
with intermittent preexcitation, characterized 
by QRS complexes widened by a delta wave 
to 0.12 second; the ST-T wave points in di- = 
rection opposite to that of the QRS complex. 


FIGURE 3. Electrocardiogram of November 9, 1960 
demonstrating persistent preexcitation during sinus 
rhythm. Note the short P-R interval, wide QRS com- 
plexes and delta waves resembling those in Figure 2. 
See text for discussion. 
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Pathologic Examination 


Aside from the findings in the heart, the pathologic diag- 
noses were: (1) adenocarcinoma of the right breast with 
, metastasis to (a) pancreas and celiac lymph nodes with ob- 
_ struction of the pancreatic duct and common bile duct, and 
_ (b) left parametrium lymph nodes with obstruction of the 
left ureter; (2) bronchopneumonia with bilateral pleural 

- effusion; and (3) osteoporosis. 


Heart 


The heart weighed 350 g. The pericardium was thickened 
E hrünghout with tumor nodules visible in many areas. The 
right atrium and right ventricle were hypertrophied. The 
left atrium was dilated but normal in thickness. The tricus- 
pid valve showed numerous aneurysmal dilatations. One 
part of the inferior leaflet of the mitral valve was longer 
‘than the remainder and had several aneurysmal dilata- 
_tions. The sinuses of Valsalva of the pulmonary valve were 
dilated. The noncoronary aortic cusp likewise showed an 
 aneurysmal dilatation and fenestration. The aortic sinuses 
_of Valsalva were somewhat deepened. 


be . Microscopic Examination 
; Methods 
Both A-V rims were cut into blocks, and all blocks were 
.serially sectioned and all sections retained. The sinoatrial 
(S-A) node and its approaches were serially sectioned and 
every 10th section was retained. The A-V node and its ap- 
proaches, the A-V bundle, the left main bundle branch, and 
the first part of the right bundle branch were serially sec- 
- tioned and all sections were retained. The remainder of the 
bundle branches up to the region of the moderator band 
"was serially sectioned and every 10th section was retained. 
The remainder of the heart was cut into blocks and two 
“sections were taken from each block. In the complete serial 
sections every fifth section was stained with Weigert- -van 
-Gieson and the remainder with hematoxylin-eosin stains. 
In all the other sections alternate sections were stained 
with hematoxylin-eosin and Weigert-van Gieson stains. In 
this manner 18,600 sections were examined. The findings 
were controlled by studies of the conduction system of nor- 
mal hearts of various age periods. This included 14 
‘hearts from subjects aged 51 to 60 years for study of the si- 
 noatrial (S-A) node, and 12 hearts from subjects in the 
same age group for a study of the A-V node, A-V bundle 
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FIGURE 4. Electrocardiogram of November 15, 1960 
demonstrating return to normal A-V conduction. Note 
the large P waves, low voltage of the QRS complex in 
the limb and left precordial leads and depressed S-T 
segment and inverted T waves in leads | to Ill and V3 to 


and bundle branches. These hearts showed no evidence of 
heart disease clinically, and were normal pathologically ex- 
cept for changes due to aging. 


Findings 


S-A node: There was considerable hemorrhage in and on 
the periphery. 

Approaches to S-A node: Moderate arteriolar thickening 
was present. There was a marked chronic organizing peri- 
carditis with masses of tumor cells, some of which were hy- 
alinized. The myocardium itself showed considerable fi- 
broelastosis. 

Approaches to A-V node: There was marked fatty infil- 
tration with diminution, but not complete destruction of 
the connections to the A-V node. 

A-V node: No changes were noted. The normal fibers of 
James entered the terminal portion of the A-V node (Fig. 
5). No abnormal A-V nodal bypass was found. 

A-V bundle, penetrating portion: There was mild fatty 
infiltration and mild to moderate fibroelastosis. 

A-V bundle, branching portion: This was very short and 
showed considerable fatty infiltration. The summit of the 
ventricular septum was abnormally formed. A portion of 
muscle was pinched off in one area although continuous 
with the ventricular septum elsewhere. This portion was 
engulfed by the branching bundle, with fibers of the bundle 
proceeding to the right and left side of the pinched off por- 
tion (Fig. 6). One group of bundle fibers consisting of about 
6 to 10 cells joined this portion of the ventricular septum 
on its right side (Fig. 6). Just before the origin of the left 
bundle branch, another group of 5 to 10 bundle fibers pro- 
ceeded downward into the main ventricular septum where 
several of the cells joined the ventricular septum (Fig. 7 to 
9). Other fibers did not reach the ventricular septum. 

Left bundle branch, main bundle: Moderate fatty infil- 
tration and fibroelastosis were apparent. 

Right bundle branch: At the origin of this branch there 
was marked fatty infiltration. Farther down there was 
slight fibrosis. 

Left and right A-V regions: There were no bundles of 
Kent. Tumor masses were visible in the epicardium and be- 
neath it in the A-V groove (Fig. 10). 

Left ventricle: There was slight fibrosis and arteriolo- | 
sclerosis. 

Right ventricle: Marked fatty infiltration was present. 

Ventricular septum: Focal fibrosis was noted. 


joining the right side of the bs (V). B = 


Discussion 


We? have previously pointed out that a proper his- 
tologic examination of the heart in a case of Wolff- 
Parkinson-White syndrome must include serial sec- 

tioning of both A-V rims and the conduction system. 

To date there are 16 reported cases of unquestioned 
Wolff-Parkinson-White syndrome in which this type 
of examination was performed.?-!? 


Previous Histologic Studies 


In a neonate with Wolff-Parkinson-White syn- 
drome (type undetermined) and an otherwise normal 
heart, Deerhake et al9 found a bundle of Kent in 
both the right and left A-V rings; the conduction sys- 
tem was normal. In a 21 month old child with Eb- 
stein’s disease with type B Wolff-Parkinson-White 
syndrome, Lev et al. found (1) numerous bundles of 
Kent on the right side, (2) Mahaim fibers from the 
A-V bundle to the septum and from the right bundle 
branch to the septum, and (3) fibroelastosis sur- 
rounding the right bundle branch. In a 10 year old 
child with myocarditis and type B Wolff-Parkinson- 


White syndrome, Truex et al.’ found a bundle of 


Kent on the right side and fibrosis of the A-V node 
and left bundle branch. In a 37 year old man with 
Chagas’ disease and type B Wolff-Parkinson-White 
syndrome, Lev et al.8 found (1) a bundle of Kent on 
the right side, (2) Mahaim fibers at the beginning of 
the left bundle branch, and (3) chronic inflammation 
at the approaches to the A-V node and in the A-V 
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FIGURE 5. Normal fibers of James (arrows) entering the terminal 


"P. 


portion of the A-V node (N). (Weigert-van Gieson stain X 17, reduced 


by 36 percent.) 


FIGURE 6. Summit of the ventricular sepa showing Mahaim fibers (arrows) surrounding pinched off portion of the ventricular septum e. and | 


A-V bundle. (Hematoxylin-eosin X45 (left) and X 150, (right), reduced by 36 percent. k 
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FIGURE 7. Fibers of Mahaim (arrows) passing, at the start of their course, to the left side of the ventricular s m = 
, , ept V). B = A- - 
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FIGURE 8. Further progress of Mahaim fibers (arrows). (Hematoxylin-eosin X45 (left) and X 150 (right), reduced by 34 percent.) B = A-V bun- 
dle; V — ventricular septum. 
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FIGURE 9. Termination of Mahaim fibers (M) in the ventricular septum (V). Left, just before termination. (Weigert-van Gieson X 150, reduced by 
34 percent.) Right, termination. (Hematoxylin-eosin X 150, reduced by 34 percent.) 


node, A-V bundle and bundle branches. In a 50 year 
old woman with arteriosclerotic heart disease with 
type B Wolff-Parkinson-White syndrome and incom- 
plete left bundle branch block, Lev et al.? found (1) a 
bundle of Kent on the right side, (2) Mahaim fibers 
at the junction of the A-V node and A-V bundle and 
the ventricular septum, and (3) atrophy of the left 
bundle branch. In a 34 year old man with type B 
Wolff-Parkinson-White syndrome and A-V block 
with abnormal formation of the central fibrous body, 
Lev et al? found (1) a tract proceeding from the 
atrial septum to the penetrating portion of the A-V 
bundle bypassing the A-V node, (2) copious Mahaim 
fibers from the A-V bundle to the ventricular sep- 
tum, (3) no bundle of Kent, and (4) degeneration of 
the A-V bundle, bundle branches and the Mahaim fi- 
bers. In a dog with type A Wolff-Parkinson-White 
syndrome, Boineau and Moore!! found a bundle of 
Kent on the posterior wall of the right ventricle close 
to the septum. In a 9 year old girl with a ventricular 
septal defect and type B Wolff-Parkinson-White syn- 
drome, Rosenberg et al.!? found a bundle of Kent on 
the right side and a normal conduction system. In a 3 
1/2 year old girl with atypical Ebstein's disease and 
type B Wolff-Parkinson-White syndrome, the same 
authors!” found a bundle of Kent on the right side 


and a normal conduction sy stem. : j FIGURE 10. Tumor cells in epicardium. (Hematoxylin-eosin X150, | 
In a 31 year old woman with mitral stenosis and reduced by 40 percent.) . 
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Wolff-Parkinson- White syndrome that changed from 


type A to type B, Lunel'? found bundles of Kent in 
right anterior ánd right posterior sites and Mahaim 
fibers. In a 17 year old youth with a normal heart and 
type B Wolff-Parkinson-White syndrome, he!? found 
.a bundle of Kent in a right posterior site and Mahaim 
fibers. In a 15 year old boy with an otherwise normal 
heart and type A Wolff-Parkinson-White syndrome, 
Mann et al.!*^ found two bundles of Kent on the left 
side and no Mahaim fibers. In a squirrel monkey with 
Wolff-Parkinson-White syndrome of the “bilateral” 
type, Boineau et al.!^ found a bundle of Kent in a 
right anterior site and another in a left anterior site. 
In a 56 year old woman with a normal heart and 
Wolff-Parkinson-White syndrome intermediate type 
between A and B, Brechenmacher et al.!6 found a 
bundle of Kent in the left posterior wall. There were 
-no fibers of Mahaim. The S-A node showed fibrosis. 
In a 17 year old boy with idiopathic cardiomyopathy 
-and three different patterns of excitation—type A 
with a short P-R interval, atypical type B with a 
‘slightly prolonged P-R interval and an intermediate 
type between A and B, Okada et al.!? found a bypass 
tract from the A-V node to the ventricle, and two sets 
of Mahaim fibers, one from the proximal and one 
‘from the distal A-V bundle. In a 22 year old woman, 
with type A Wolff-Parkinson-White syndrome and 
extensive obscure disease of both atria, James and 
Puech!8 found (1) two bundles of Kent on the anteri- 
or part of the left ventricle, (2) an S-A node sepa- 
rated from the right atrium, (3) a crista terminalis re- 
placed by fat, (4) focal degeneration in the internodal 
pathways, (5) the A-V node disconnected from the 
.internodal pathways, with focal necrosis, (6) thicken- 
Ang of the S-A and A-V nodal arteries, (7) an abnor- 
mal central fibrous body, and (8) no connection be- 
tween the His bundle and right bundle branch. 
— In addition, mention must be made of the work of 
Anderson et al.,!? which introduced a possible new 
mechanism for the development of Wolff-Parkinson- 
White syndrome. In a 7 month old infant girl with 
mirror-image dextrocardia and inverted double out- 
let right ventricle with a variant of Wolff-Parkinson- 
White syndrome or Lown-Ganong-Levine syndrome, 
two nodes formed a common bundle that dipped di- 
rectly into the ventricular myocardium and then bi- 
 furcated. Bundles of Kent were not looked for. Like- 
wise Brechenmacher et al.,!© in a 65 year old man 
with  arteriosclerotic heart disease and  Lown- 
-Ganong-Levine syndrome and right bundle branch 
block, found auricular fibers penetrating into the 
bundle of His, fibrosis of the right bundle branch and 
degenerative lesions in the S-A node. Bundles of 
Kent were not looked for. 
= The preceding review reveals that from the ana- 
tomic standpoint, Wolff-Parkinson-White syndrome 
may be produced by (1) a bundle of Kent, (2) a tract 
from the atrial septum to the A-V bundle bypassing 
the A-V node with fibers of Mahaim, (3) the normal 
fibers of James with fibers of Mahaim, or (4) in com- 
plex congenital heart disease, two A-V nodes forming 


~ 


a common bundle with or without fibers of Mahaim. 
Lown-Ganong-Levine syndrome may be associated . 
with auricular fibers connecting to the bundle of His, 
bypassing the A-V node, or the fibers of James by- 

passing the A-V node. | 


Types of Preexcitation 


Electrocardiographically the following types of 
ventricular preexcitation are currently recognized: 
type A, type B and the Lown-Ganong-Levine syn- 
drome. Type A is diagnosed when the delta wave and 
the remainder of the QRS complex are primarily up- 
right in lead V; with this lead demonstrating R, RS, 
Rs, RSr and Rsr patterns. A positive delta wave is 
also seen in lead Ve. Type B is diagnosed when the 
delta wave and the QRS complex are negative in lead 
V; and this lead shows a Qs pattern and leads I and 
Ve show a positive delta wave. In the Lown-Ganong- 
Levine syndrome only an abnormally shortened P-R 
interval is present without QRS prolongation by a 
delta wave. In general in type A there may be multi- 
ple posterior right or left anterior or posterior (or 
both) bundles of Kent, or A-V nodal bypass fibers 
and fibers of Mahaim. Type B usually represents 
right lateral ventricular preexcitation by way of a 
bundle of Kent. In the Lown-Ganong-Levine syn- 
drome, as noted, one or more juxtanodal A-V bypass 
tracts may insert into the bundle of His.?? 

Type C preexcitation: On rare occasions a fourth 
type of preexcitation can be found, tentatively la- 
beled by us type C (Pick A, unpublished observa- 
tions). The characteristic features are seen in the pre- 
cordial leads. The delta wave is negative (or isoelec- 
tric in leads V5 and Vg and positive in V, to V4)—the 
opposite of the situation in type B. In the past 25 
years we have encountered only two such cases, both 
in association with paroxysms of supraventricular 
tachycardia. Our interpretation postulates preexcita- 
tion forces directed from left to right due to a single 
accessory A-V bypass that subepicardially connects 
the left atrium with the lateral wall of the left ventri- 
cle. Although to our knowledge no such case has been 
completely studied anatomically, our assumption is 
supported by two cases of Wallace et al.?! In both, 
left-sided lateral preexcitation was confirmed by ex- 
tensive electrophysiologic studies and proved by suc- 
cessful surgical transection of the anomalous left- 
sided A-V connection; however, the authors present- 
ed the preoperative electrocardiograms in each case 
as a manifestation of type À preexcitation. 

New variant of preexcitation: Examination of 
the electrocardiogram in our case revealed that the 
patient had intermittent preexcitation. The electro- 
cardiogram on November 9, 1960 showed a short P-R 
interval, a delta wave and a wide QRS complex, the 
characteristic features of ventricular preexcitation. 
On all other occasions (with the exception of the elec- 
trocardiogram taken during atrial fibrillation), her 
tracings showed a normal P-R interval and narrow 
QRS complex. However, the QRS configuration dur- 
ing preexcitation conforms to no known pattern of 


-~ preexcitation, since it resembles neither type A nor 
type B. Thus, our case is an entirely new variant that 
does not fit into any current classification.?? 


James and Mahaim Fibers 


'The pathologic substrate in this case is the normal- 
ly present James fibers, with Mahaim fibers passing 
from the A-V bundle to the left and to the right side 
of the posterior ventricular septum. By the term 
James fibers we mean those fibers of the atrium that 
insert on the end of the A-V node, just before it forms 
the penetrating portion of the bundle of His. One 
must postulate bypass of the A-V node by the fibers 
of James and simultaneous preexcitation of the ven- 
tricular septum and both ventricles directed anterior- 
ly, posteriorly, laterally and apically. Breakthrough 
of the activation front at the site of the posterior 
right ventricle presumably produces the QS configu- 
ration in leads II, III and V;. Breakthrough at the 
apex or the lateral wall of the left ventricle, or both, 
presumably produces the QS complexes in leads V4 
to Vg. Apparently during sinus rhythm the James 
and Mahaim fibers were functionally dependent, 
functioning either together or not at all. When the 
P-R interval shortened (A-V nodal bypass by way of 
James fibers) Mahaim tracts functioned, thus pro- 
ducing the very bizarre QRS complex. During the ep- 
isodes of atrial fibrillation it is possible that Mahaim 
tracts functioned with or without participation of 
James fibers. In regard to the narrow QRS beats dur- 
ing atrial fibrillation, it cannot be definitely stated 
whether these were conducted by way of James fibers 
or the normal pathway, or both. However, the only 
moderately fast ventricular rate would suggest that 
the A-V node was involved in A-V conduction. 

'The manifestations of atrial fibrillation and flutter 
and enlarged P waves in the last electrocardiogram 
presumably reflected left atrial dilatation and carci- 
nomatous infiltration of atrial epicardium. Chronic 
pericardial effusion can account for the low voltage of 
the QRS complex and the flat T wave inversions in 
the limb and chest leads. Reentrant paroxysmal 
tachycardia (utilizing bypass tracts) was never docu- 
mented. The pathologic finding of aneurysmal dilata- 
tion of parts of the tricuspid and mitral valves and 
the arteriolosclerosis may have reflected injury relat- 
ed to radiation. 

In a previous communication, we!? demonstrated 
that Mahaim fibers may conduct when they are more 
than normally abundant. The current study indicates 
that normally present Mahaim fibers are facultative- 
ly conductive. However, in our case, the summit of 
the ventricular septum was abnormally formed, and 
this alteration may have played a role in the ability of 
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Mahaim fibers to conduct. This finding was also 
present in our previous case.!? Possibly, too, the pres- - 
ence of tumor in the atria, or the irradiation of the - 
tumor, played a part in the stimulation or irritation - 
of Mahaim fibers. od 
Our study also indicates the probability that the fi- - 
bers of the atrial septum that insert on the end of the — 
node (fibers of James) have the ability to bypass the | 
node, as James! postulated. We know of no other ex- 
planation for the short P-R interval in our case. 


Clinical Implications x 


Our case has important clinical implications. Since 
surgical ablation of anomalous pathways is feasible in - 
selected patients with preexcitation and intractable — 
arrhythmias,?!-?? the question arises whether surgical | 
intervention would be appropriate in cases similar to — 
the one presented. The presence of Mahaim fibers on — 
both sides of the ventricular septum suggests that ex- - 
tensive surgical destruction of the upper septum — 
would be necessary for total ablation of these fibers. - 
Almost certainly this procedure would necessitate 
sectioning of the normal conduction system, resulting — 
in complete A-V block (if accessory pathways were - 
also successfully incised). In addition, epicardial — 
mapping alone, although possibly suggesting septal — 
preexcitation, would not suffice to locate accessory — 
pathways. Bilateral intracardiac mapping would also — 
be necessary for accurate localization of areas of 
preexcitation. The surgical problems inherent in 
cases such as this seem formidable at present. | 
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Addendum | 
Since this paper was prepared, a new classification | 
of fibers that might be important in ventricular - 
preexcitation has been suggested (Anderson RH, 
Becker AE, Brechenmacher C, et al: Ventricular | 
preexcitation. A proposed nomenclature for its sub- - 
strates. Eur J Cardiol 3:27-36, 1975). In this pro- 
posed terminology, Kent fibers would be called acces- 
sory atrioventricular muscle bundles, Mahaim fibers — 
coming from the distal part of the node would be 
called accessory nodoventricular muscle bundles, and . 
those from the A-V bundle or left bundle branch, fas- - 
ciculoventricular fibers. James fibers as defined in 
this paper would be named intranodal bypass tracts. | 
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Sixty-one patients were selected from 100 consecutive patients under- ' 
going aortocoronary artery bypass. The number of vessels diseased as - 
defined by coronary arteriography and the number of bypass grafts - 
were recorded. Review of the preoperative electrocardiograms - 
showed an infarct pattern in 26 of the 61 patients and analysis of the i 
postoperative electrocardiograms revealed loss of abnormal Q waves - 
in 3 of the 26. The pre- and postoperative clinical course of these three - 
patients is analyzed and the extent of their coronary artery disease 3 
and number of bypass grafts compared with those of the 23 patients - 
who had persistence of the infarction pattern and the 17 patients who 3 
manifested new Q waves. Possible explanations for the cepe > 
of abnormal Q waves are discussed. 


Aortocoronary artery bypass with saphenous vein autograft or inter- - 
nal mammary artery is now widely performed in the management of - 
some patients with angina pectoris. Several reports have described 
both symptomatic improvement and functional improvement by he- . 
modynamic and exercise stress studies, as well as the status of the 
proximal and distal coronary arteries and of the graft itself. Postoper- 
ative electrocardiographic analyses have emphasized the significant : 
incidence of new Q waves and conduction abnormalities!~®; the disap- 
pearance of abnormal Q waves after the bypass procedure has been | 
postulated? but not definitively documented. 2 
We report on three patients manifesting disappearance of abnor- 
mal Q waves within a few days after aortocoronary bypass. These Q- 
waves had been present for months or years before the operation. 
One of these patients was studied postoperatively by cardiac cathe- 
terization and angiography, which revealed definitive hemodynamic 
improvement. 3 i 
Material and Methods | 4 
One hundred consecutive cases of aortocoronary bypass pertiraiide at 
Mount Sinai Hospital were analyzed to ascertain the incidence of disappear- - 
ance of pathologic Q waves in the postoperative period. The following criteria 
were used to select the patients: (1) single or multiple coronary artery bypass; 


- (2) adequate preoperative and postoperative electrocardiograms; (3) absence — 


of preoperative or postoperative left bundle branch block or new intraven- - 
tricular conduction abnormalities; and (4) adequate follow-up for at least 6. 
months postoperatively. Patients who had aneurysmectomy along with dui 
coronary artery bypass were excluded, but those with associated valvular sur- 
gery were included. 

The selection criteria were met by 61 patients, 53 men and 8 women, with a 
mean age of 57 years. Their case records were analyzed to evaluate the num- - 
ber of vessels involved as demonstrated by coronary arteriography, the num- - 
ber of bypass grafts implanted, and the presence or absence of persistent. ab- 
normal Q waves in several pre- and postoperative electrocardiograms. S 

Three patients had postoperative disappearance of abnormal Q waves. 3 
Their clinical course and the results of postoperative cardiac catheterization, à 
5 
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TABLE | 
. Vessel Involvement*As Assessed by Coronary Arteriography 


Vessels 
Involved Patients Previous NewQ  QWave No QORS 
(no.) (no.) MI Waves Loss Change 
Be SARIS ES CY S en DS DEUM ANN dal RS OE 
1 15 5 1 2 12 
2 31 13 10 1 20 
Meo, S 15 8 6 0 9 
|... Total 61 26 17 3 41 


= Mİ = myocardial infarction. 


left ventriculography and coronary arteriography in orie of 


them are included in this report. The number of vessels 

diseased and the number of bypass grafts performed were 
correlated with the electrocardiographic changes. 

-. Four patients had procedures in addition to coronary ar- 

tery bypass: Three had valve replacement (two mitral and 


one aortic) and one had coronary endarterectomy of two 


J vessels before venous grafts were implanted. 


Analysis of the preoperative electrocardiograms re- 
' vealed that 26 of 61 patients had evidence of a previ- 
ous myocardial infarction (anterior in 5, inferior in 19 
and inferolateral in 2). 

Correlation of Q waves with extent of coro- 
nary disease and number of grafts: Fifteen pa- 
tients had evidence of one vessel disease, 31 had two 

vessel and 15 had three vessel disease. At operation, 


myocardial infarction in the electrocardiogram (Fig. 
1 to 3). 

Sixteeri of 17 patients with new Q waves and 20 of 
23 patients with persistence of the pattern of myocar- 
dial infarction were in the group with two or three 
vessel disease; 2 of the 3 patients with Q wave loss 
had one vessel disease and 1 had two vessel disease 
(Table I). Similar findings were noted when these 
data were correlated with the number of bypass 
grafts implanted; that is, 15 of 17 patients with new Q 
waves and 18 of 23 with a preoperative pattern of 
myocardial infarction had two or three bypass grafts, 
whereas none of the patients with Q wave loss had 
more than two grafts implanted. 

Clinical course of patients with Q wave loss: 
The pre- and postoperative clinical course of the 
three patients whose abnormal Q waves disappeared 
after bypass grafting is shown in Table II. The age of 
these patients was considerably lower than the mean 
age of 57 years for the whole group. The preoperative 
myocardial infarction occurred 5 years before opera- 
tion in Patient 2 and within 1 year of operation in 
Patients 1 and 3. All three patients were disabled by 
intractable angina at the time of referral for surgery, 
one (Patient 3) having attacks of typical Prinzmetal's 
angina. Patient 1 had paroxysmal episodes of cardiac 
failure, always associated with episodes of chest pain. 
None had documented ventricular arrhythmias. Pa- 
tients 1 and 3 had one vessel disease and one bypass 
graft; Patient 2 had two vessel disease and two by- 
pass grafts. Patient 2 had two operations: In the first, 
the left anterior descending coronary artery was by- 


_18 of these patients received one bypass graft, 30 re- 

-ceived two grafts, 12 received three grafts and 1 re- 

- ceived four grafts. 

-. Seventeen patients (27.8 percent) had new Q waves 

after the bypass procedure. The pathologic Q wave 

disappeared after the operation in 3 of the 26 pa- 
tients (11.5 percent) with a preoperative pattern of 


passed; 2 years later, because of recurrent angina and 
demonstration of a left circumflex arterial lesion, a 
graft to the latter artery was implanted. After this 
second operation the abnormal Q waves in the elec- 
trocardiogram disappeared (Fig. 2). 

'Thesé three patients had an uneventful postopera- 
tive course and were discharged in an angina-free 


TABLE II 
- Data in Three Patients with Q Wave Loss Postoperatively 


i Location of MI Clinical Course 
Case Age (yr) Vessel 


Bypass Grafts Preop Postop Preop Postop 


»(no.) & Sex Involved LV Angiogram 
1 43M LAD Hypokinesis LAD (IMA) Ant None MI 8 mo preop. Angina-free for 
of antero- Recurrent angina and 9 mo; then recurrence 
lateral two episodes of of stable angina. No 
wall pulmonary edema. heart failure 
nce 38M LAD, LCx Hypokinesis LAD, LCx Ant None MI 5 yr preop.* First Angina-free after bypass 
f of anterior (SVG) bypass to LAD 2 yr to LCx 
< wall preop* with recur- 
rence of angina 11 
| months later 
l 3 53F LAD Hypokinesis LAD (SVG) Ant None MI probably 4 mo Angina-free. Repeated 
of anterior preop; then angiogram: patent 
wall Prinzmetal's angina graft and normal LV 


contractility 


* Period before second bypass (to left circumflex coronary artery). 
Ant = anterior; IMA = internal mammary artery; LAD = left anterior descending coronary artery; LCx = left circumflex coronary artery; LV = 
left ventricular; MI = myocardial infarction; postop = postoperative; preop = preoperative; SVG = saphenous vein graft. 


FIGURE 1. Case 1. Serial electrocar- 
diograms demonstrating an antero- 
septal myocardial infarction in the 
preoperative tracing (top) and ap- 
pearance of anr wave in lead V, and 
disappearance of the tiny q wave 
preceding the R wave in lead V; in 
the two postoperative tracings. 


FIGURE 2. Case 2. Serial electrocar- 
diograms demonstrating an antero- 
septal myocardial infarction in the 
preoperative tracing (top) and ap- 
pearance of r waves in leads V, to 
V4 in the two postoperative tracings. 


FIGURE 3. Case 3. Serial electrocar- 
diograms demonstrating an antero- 
septal myocardial infarction in the 
preoperative tracing (top) and ap- 
pearance of an r wave in lead V, and 
disappearance of the q wave preced- 
ing the R wave in lead V> in the two 
postoperative tracings. 
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tients 2 and 3 have remained angina-free for 1 year 
and 14 months, respectively; Patient 1, who was free 
‘of angina for 9 months and then had recurrence of 
mild stable angina, has refused restudy. Patient 3 
was restudied 4 months after the operation and was 
. found to have a patent vein graft; the left ventricular 
end-diastolic pressure had improved from 23 to 11 
mm Hg postoperatively and the left ventricular an- 
_giogram demonstrated normal wall contraction in a 
sprevibusly hypokinetic area. 


Discussion 


.. The increasing number of aortocoronary artery by- 
“pass procedures performed in patients with angina 
_ pectoris has stimulated cardiologists to evaluate criti- 

cally the results of these operations. The occurrence 

of symptomatic improvement is widely recognized, 

but whether the procedure results in functional im- 

provement and rehabilitation, prevents myocardial 

‘infarction or reduces mortality from coronary artery 

disease, are still controversial matters. Until long- 
term controlled studies are available these questions 
will remain unanswered. 

New Q waves after bypass surgery: Several re- 
inant electrocardiographic and vectorcardiographic 
i studies have indicated a high incidence rate of new Q 
» waves after coronary artery bypass.!-? The interpre- 
_ tation of this finding has varied extensively. Espinoza 
et al.! found a higher incidence rate in patients with 
- two or three vessel disease and two or three grafts, 
| presumably those with more severe disease, but the 
_ postoperative clinical course and mortality in this 
group were not affected. Rose et al./ found a very 
- good correlation between enzyme elevation and new 
abnormal Q waves, thus supporting the concept of 
myocardial damage, even though the clinical course 
of their patients did not differ from that of other pa- 
tients in the group. Bassan et al. interpreted these 
new Q waves as unmasking of an old infarction rather 
_than new myocardial damage, on the basis of their re- 
view of pre- and postoperative left ventriculograms; 
-they speculated that the unmasking of an old infarc- 
- tion could be due to improved coronary perfusion to 
ischemic areas opposite the area of infarction. Final- 
ly, the postulation that these new Q waves might be 
- due to early closure of the bypass grafts has been se- 
riously challenged since the report of Assad-Morell et 
.al,? who found no relation between patency of the 
-grafts and development of new Q waves. Thus, the 
_ final explanation for the meaning of these electrocar- 

 diographic changes remains unknown. 
Disappearance of old Q waves after bypass 
surgery: Q waves compatible with previous myocar- 

. dial infarction are frequently found in the preopera- 

tive electrocardiogram of patients undergoing coro- 

mary artery bypass surgery, as demonstrated in 26 of 
our 61 patients. The incidence of preoperative myo- 
cardial infarction is probably greater since it is well 
established that electrocardiograms of patients with 
a previous myocardial infarction can revert to normal 
or near- normal. under various | circumstances, 10-7! 


The knowledge that normalization of the electrocar- 
diogram can be part of the natural course of patients 
with myocardial infarction led us to review the litera- 
ture (1) to define the temporal relation between the 
acute episode and normalization of the electrocardio- 
gram, and (2) to analyze the different mechanisms in- 
volved and look for a reasonable explanation for the 
disappearance of abnormal Q waves after coronary 
artery bypass surgery. 

When normalization of the electrocardiogram oc- 
curs, it is usually observed within 1 year of the myo- 
cardial infarction.!9-?! Kalfbeich et al.!5 found that 
in the majority of electrocardiograms showing disap- 
pearance of significant Q waves the change occurred 
within 2 years of infarction; the changes occurred in 
none after 6 years and was found within 1 month in 
only 6 of 775 patients. Goldman et al.?? noted Q wave 
disappearance within several days and Haiat et al.!4 
found the change within 48 hours and normalization 
of the tracing 6 days after the acute infarct. Even ear- 
lier disappearance of Q waves has been described in 
angina pectoris, Prinzmetal's angina, metabolic ab- 
normalities, phosphorus poisoning, allergic reactions 
and during cardiopulmonary bypass.??-?! However, 
under all of these circumstances the reports con- 
cerned transient Q waves. 

The incidence of normalization of an electrocardio- 
gram is greater in subendocardial than in transmural 
infarction (35 versus 10 to 15 percent, respectively!9- 
21), and disappearance of the infarction pattern does 
not change the prognosis in relation to mortality. A 
contrasting view was presented by Gittler et al.!9 in 
1951; they reviewed the electrocardiograms of 51 pa- 
tients 1 year after transmural myocardial infarction 
and found only one patient with a normal tracing and 
three with an “almost” normal tracing. 

Mechanisms of disappearance of abnormal Q 
waves. These included (1) Appearance of left bundle 
branch block or intraventricular conduction abnor- 
malities.!? (2) Occurrence of a second infarction, as in 


2 of the 14 cases of Pappas,'? in which the signs of an 


anterior infarction disappeared a few months after a 
fresh inferior infarction developed. This could have 
been due to a modification of the balance of electrical 
potentials. (3) Shrinkage of the area of infarction- 
with hypertrophy of the surrounding myocar- 
dium.!?!4 (4) Development of collateral circulation 
with improvement of perfusion of the infarcted area 
and its surrounding zone and increase of electrical ac- 
tivity in the so-called area of concussion.?* 

In our three patients with a preoperative electro- 
cardiographic pattern of transmural myocardial in- 
farction whose abnormal Q waves disappeared post- 
operatively, the changes occurred as early as 3 (Cases — 
1 and 3) and 7 (Case 2) days after operation. Al- 
though this finding could represent the natural 
course of myocardial infarction, as discussed, the 
temporal relation to the time of surgery suggests that 
it was related to the bypass procedure, particularly 
since the preoperative Q waves were present for 5 
years in one patient (Case 2), about 1 year in Case 1 
and at least 4 months in Case 3. | 


It is possible that the aortocoronary bypass, by in- 
creasing the perfusion of the areas surrounding the 
infarct and thereby improving the electrical activity 
of these myocardial cells, caused the disappearance 
of the abnormal Q waves in our patients. One of them 
was restudied postoperatively with demonstration of 
patency of the graft and improvement of left ventric- 
ular function and contractility, findings that can be 
assumed to be due to the increased perfusion made 
available by the venous bypass. Although the disap- 
pearance of angina in postoperative patients is not a 
definitive sign of improved coronary perfusion, the 
uneventful postoperative recovery of these patients 
and their return to full activity also suggests benefit 
from the bypass procedure. The observation that two 
of the three patients had only one vessel disease, 
whereas the majority of those who manifested new Q 
waves or persistence of the infarction pattern had 
two or three vessel disease, may imply a lesser degree 
of coronary artery disease. 


/.L Q WAVE LOSS AFTER CORONARY BYPASS—CONDE ET AL. 


The final explanation for the electrocardiographic — 
changes after coronary artery bypass surgery, either 
the appearance of new Q waves or the disappearance — 
of the myocardial infarction pattern, requires study — 
of a larger series with correlation of the angiographic - 
and electrocardiographic findings in the porn) 
tive period. 

Addendum | 

Since submission of this article, another report de- - 
scribing six patients with reappearance of anterior 
QRS electrical forces within 10 days of coronary arte- 
rial bypass surgery has been published (Zeft HJ, 
Friedberg HD, King JF, et al: Reappearance of ante- 
rior QRS forces after coronary bypass surgery. An 
electrovectorcardiographic study. Am J Cardiol 36: 
163-168, 1975). In addition, a report of appearance — 
and disappearance of transient Q waves in Prinzmet- - 
al's angina has also been published (Meller J, Conde 
CA, Donoso E, et al: Transient Q waves in Prinzmet- | 
al’s angina. Am J Cardiol 35:691—695, 1975). : 
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The cardiac dynamic consequences were evaluated of constant infu- 
sions of dobutamine and isoproterenol at graded dose levels into con- 
scious, healthy instrumented dogs. Measurements were made of simul- 
taneous changes in left ventricular internal diameter, pressure, aortic 
pressure and rate of rise of left ventricular pressure (dP/dt), as well as 
the left ventricular electrogram. From these primary variables, derived 
variables were computed using programs in a minicomputer system. 
The data showed that, with increasing doses of dobutamine there were 
significant linear increases in all measured indexes of myocardial con- 
tractility, such as the rate of rise of left ventricular pressure at a devel- 
oped isovolumic pressure of 40 mm Hg (dP/dt/P,49), mean velocity of 
left ventricular fiber shortening, ejection fraction and stroke work. 
These changes in myocardial contractility occurred without changes in 
end-diastolic volume, mean aortic pressure or heart rate when dobuta- 
mine was infused in doses of 5 to 20 g/kg per min. Isoproterenol also 
produced linear changes in indexes of myocardial contractility but in 
doses of 0.02 to 0.10 g/kg per min, it produced a significantly higher 
heart rate at any given level of contractility than that produced by 
dobutamine. Cardiac minute work (heart rate X stroke work) was in- 
creased by both drugs. However, with infusions of isoproterenol the 
amount of cardiac minute work was significantly limited because of the 
changes in heart rate, whereas with dobutamine cardiac minute work 
could be increased to a higher level as a function of changes in myo- 
cardial contractility alone without changes in heart rate. These data 
suggest that dobutamine selectively increases myocardial contractility. 


Isoproterenol! and, recently, dopamine$-? have been the drugs of 
choice for restoration of cardiac function in patients with acute de- 
pression of myocardial performance after acute myocardial infarc- 
tion, in the low cardiac output syndrome and during the postopera- 
tive period after cardiac surgery. A basic physiologic approach to 
therapy for myocardial dysfunction must involve the modulation of 
one or all of the determinants of cardiac performance.9?-!? The deter- 
mining factors are end-diastolic myocardial fiber length, ventricular 
midwall tensile stress or afterload, and myocardial contractility. The 
drugs used most frequently'® for improvement of cardiac perfor- 
mance act by increasing myocardial contractility in situations in 
which myocardial performance is acutely depressed. However, al- 
though infusions of these drugs increase myocardial contractility, 
they have adverse side effects, such as tachycardia, hypotension, hy- 
pertension and frequent occurrence of arrhythmia at effective dose 
levels. 

The ability to change selectively the level of myocardial contractili- 
ty without producing significant changes in preload, afterload, heart 
rate or rhythm has been difficult to achieve. Tuttle, Mills and co- 
workers!4-!6 synthesized a new drug dobutamine, which is said to in- 


crease myocardial contractility selectively without 
producing arrhythmia, tachycardia or significant 
changes in preload and mean aortic perfusion pres- 
sure,17:18 

We therefore compared the cardiac dynamic ef- 
fects of graded infusions of dobutamine and those 
produced by isoproterenol in conscious instrumented 
dogs in which changes in end-diastolic volume, end- 
systolic volume, left ventricular pressure, mean aortic 
pressure, heart rate and other derived variables in- 
dicative of cardiac function could be monitored from 
beat to beat. These studies were designed to ascer- 
tain in conscious dogs which dynamic consequences 
resulted from increased myocardial contractility 
without changes in end-diastolic volume, mean aortic 
pressure and heart rate in contrast to increased myo- 
cardial contractility with such changes. 


Methods 


Instrumentation: The laboratory techniques for prepa- 
ration of conscious instrumented dogs have previously been 
described.!?-?? Briefly, healthy dogs certified by a veter- 
inarian after a 1 month quarantine period were given anti- 
biotic agents prophylactically (Staphcillin®, 1 g/12 hours) 
for 2 days before operation. These dogs were premedicated 
with atropine sulfate, 1 mg/kg, and lidocaine hydrochlo- 
ride, 200 mg intramuscularly. All dogs were anesthetized 
with Nembutal®, 30 mg/kg intraperitoneally. An open air- 
way was maintained with a cuffed endotracheal tube in the 
trachea. After an aseptic surgical field was prepared, a left 
thoracotomy was performed in the fifth intercostal space. 
Respiration was maintained through intermittent positive 
pressure breathing of 60 percent oxygen and 40 percent 
room air. Continuous infusion of Ringer’s lactate solution 
was given during the surgical procedure. The lungs were re- 
tracted. The pericardium was incised for its entire length 
from base to apex of the left ventricle. Butyn sulfate (2 per- 
cent) was applied to the surface of the heart. This sub- 
stance provided epicardial anesthesia and reduced the inci- 
dence of surface irritability while the heart was being ma- 
nipulated. 

Implantation of transducing devices involved placement 
of a pair of coils in the plane of the minor semiaxis of the 
left ventricle for measurements of internal diameter and 
placement of implantable pressure transducers in the left 
ventricle and aorta. One pair of Teflon®-coated multi- 
stranded stainless steel wires was sutured into the ventric- 
ular wall. These bipolar electrodes were used to record the 
electrogram. After all gauges were placed on the heart and 
blood vessels, the pericardium was cleansed and closed 
with interrupted sutures. The relative positions of these 
transducing devices in the left ventricle and aorta are 
shown in Figure 1. Two to 3 weeks after recovery from sur- 
gery, control data were established for each animal. The 
conscious instrumented dogs were routinely studied while 
they stood quietly in a modified Pavlov stand. The dogs 
were trained and were able to remain comfortably in the 
stand for as long as 12 hours without becoming disturbed. 

Measurement of left ventricular internal diameter: 
'This diameter was measured using the technique of induc- 
tance micrometry.?? This approach is based on the princi- 
ple that when a closed conductive loop of fixed cross-sec- 
tional area is placed in a magnetic field, an electromotive 
force is induced in the loop and is dependent on the dis- 

tance separating the loop from the magnetic field. The 
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FIGURE 1. Schematic drawing showing the relative placement of 
gauges in the left ventricle and aorta. 


principal limitation of the application of this method is the 
inherent nonlinearity between output voltage and separa- 
tion for such a system. In the system used in these studies, 
two small specially constructed wire-wound coils (Hazen 
Everett Co., Mahwah, N. J.) were placed on the endocar- 
dium. One coil was excited at a known frequency and volt- 
age for the generation of a magnetic field. The second coil, 
placed diametrically opposite to and coaxial with the pri- 
mary coil, had an induced electromotive force that was a 
linear function of the distance separating the primary and 
secondary coils. Each coil weighed approximately 500 mg, 
had a diameter of 6 mm and a thickness of 3 mm. A system 
designed in our laboratory provided all the electronic func- 
tions necessary to deliver the driver power, linearize and 
amplify the dimension signal, and calibrate the output 
from the inductance micrometers. 

Measurement of pressures: Implantable pressure 
transducers (Konigsberg Instruments, Inc., Pasadena, 
Calif.) and small polyvinyl tubes were used to measure 
pressure. The cells were usually 6.5 mm in diameter. The 
left ventricular pressure cell and a cannula were placed 3. 
cm into the left ventricular cavity. The same kind of cell 
was implanted in the aorta 1 cm distal to the subclavian ar- 
tery. A small polyvinyl cannula was placed in the supraspi- 
nous artery and the tip placed into the aorta through the 
brachiocephalic artery. The cannulas and the lead wires 
from the transducers were brought out through ‘i:e dorsum, 
of the neck. | | 

The cannulas were flushed with heparin daily for the 
first 2 weeks and then flushed twice weekly. Pressures were 
measured relative to atmospheric pressure by Statham 
P23DB strain gauges simultaneously with the pressures re- 
corded from the pressure cells. This procedure was per- 
formed at the start and end of each experiment, to cali- 
brate the pressure cells. The recordings system was very 
stable and permitted recording periods of up to 12 hours 
without drift. Appropriate adjustments in the calibration 
were made for large changes in barometric pressure when 
they occurred. 





“TABLE! í 

Control Data Froni 22 Conscious Inst mend ons 

ie hd Standard 
ry Variable | Mean + Error 
-~ Weight (kg) 26 + 0.5 
— Days after surgery 74 + 18 
— . Heart rate (beats/min) 99 t 4 
_ Mean arterial pressure 99 B 2 
(^... (mm Hg) 

Es dP/dt/P.,. (sec ^!) 76 E 4 
|. Vef (circumferences/sec) 1.7 + 0.1 
_ End-diastolic volume (ml) 62 + 4 

— -End-systolic volume (ml) 31 + 2 
_ Stroke volume (ml) 31 + 2 

- — Ejection fraction (%) 51 * 2 
^. Stroke work (g/m) 49 + 3 
_ MDWFz , (9) 1712 t 79 

: TPR X 103 (dynes sec cm~’) 2.7 * 0.2 





— dP/dt/P,, = rate of rise of left ventricular pressure at a developed 
hole of 40 mm Hg; MDWfFg, = mean developed wall force 
during ejection; TPR - total berioherai resistance; Vcf = normalized 
guam velocity -of left ventricular circumferential fiber shortening. 


i. Galdalation of left ventricular volumes: Changes in 
left. ventricular volumes were determined from changes in 
the internal diameter of the left ventricle. It was assumed 
that the left ventricle was an ellipsoid of revolution with a 
fixed axis ratio of 1.5 during the cardiac cycle. Previous 
studies from our laboratory!??! have shown that reliable 
estimates of left ventricular volume (V;) can be obtained 
- from the equation (V; = 4/3 x R;? X 1.5), where R; = inter- 
-nal radius. In addition, stroke volume estimated from di- 
 mensional changes correlates well with stroke volume as es- 
i timated by use of an electromagnetic flowmeter.?? 
 4dP/dt/P,s: The first derivative of the left ventricular 
pressure. with respect to time was recorded with a Biotro- 
inex, model BL-620 active differentiator. The derivative 
was calibrated using the triangular wave technique. In 
these studies, the rate of rise of left ventricular pressure 
(dP/dt) at a developed pressure of 40 mm Hg during the 
‘phase of isovolumic contraction is used as an index of con- 
tractility. Studies by other investigators** 25 as well as our 
^own?é show that dP/dt/P4o (sec^!) is not sensitive to 
- changes in afterload or preload. 


TABLE i 


> 
as 


Variable Control 5.0 
^— Heart rate (beats/min) 104 +7 100+8 
| Mean aotric pressure (mm Hg) 99 * 14 103 + 22 
.. dP/dt/P,, (sec ^) 74 * 19 91 + 23 
Mean Vef (circ/sec) 1.57 + 0.2 1.79 + 0.3T 
. . End-diastolic volume (ml) 68 * 19 71 * 19 
—— End-systolic volume (ml) 33 +10 32 +10 
Stroke volume (ml) 35*9 39 * 10 
-Ejection fraction (96) 5145 55+6 
|. TPR X 10? (dynes sec cm ^5) 2.2 + 0.5 2.1+0.7 
|» . Stroke work (g) 53 * 11 67 * 20 


Mean Vef and mean developed wall force De 
ejection: A second index of change in left ventricular myo- 
cardial contractility that we used was a change in the nor- 
malized mean velocity of left ventricular circumferential 


fiber shortening (mean Vcf) during ejection?9?" at any 
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given mean developed left ventricular internal wall force 


during ejection. Mean Vcf was calculated as follows: 


Mean Vef (circumferences/sec) = [2 Dep — Dzgs]/[(Dgp + 
Des) AT] 


where Dgp = end-diastolic left ventricular internal diame- 
ter; Dgs = end-systolic left ventricular internal diameter; 
and AT = ejection time in seconds. 

Left ventricular internal wall force (g) was calculated 


from instantaneous changes in left ventricular pressure. 


(g/cm?) and the simultaneous equatorial left ventricular in- 
ternal cross-sectional area (cm?). These values were calcu- 
lated by a computer from samples, taken at 5 msec inter- 
vals, of the primary variables, left ventricular internal di- 
ameter and pressure throughout a series of cardiac cycles.!? 
The internal wall force, then, at any given 5 msec sampling 


period was equal to left ventricular pressure X II R;? for . 


that period. The internal radius (R;) was determined from 
the measurement of left ventricular internal diameter. 
Mean developed wall force during ejection (MDWF) was 
calculated as follows: 


MDWF (g) = X WF, (g) — WF.a (g) 


where XWF.,; = average wall force during ejection, and 
WF. = the wall force at end-diastole for that cycle. 

Constant infusions: Infusions of dobutamine and iso- 
proterenol were always made at a constant rate of 1 ml/min 
using a calibrated Harvard constant infusion pump. Infu- 
sions were always continued long after steady state condi- 
tions had been produced. Computer samples of the data 
representing the effect of a particular infusion concentra- 
tion of these substances were usually taken 3 to 5 minutes 
after the onset of infusion during the steady state. 

Data acquisition and reduction: With the transducers 
in place as described, their voltage outputs were cabled to 
the appropriate carrier, direct-current coupling and high 
and low gain amplifiers. The amplified and conditioned 
signals were then distributed, as required, by patch panel 
connections to (1) a recording system for permanent graph- 


Cardiac Effects of Dobutamine in Conscious Dogs (mean * 1 standard deviation) 


Dobutamine Infusions (ug/kg per min) 


10.0 20.0 30.0 
101 + 25 106 + 20 120 + 16 
104 * 17 108 + 23 103 + 26 
109 + 28t 142 + 36t 177 + 40t 
1.98 + 0.4t 2.3 + 0.6t 2.4 + 0.5t 
69 + 17 71 * 19 70 +19 
30 * 10 28 +11 28 * 11 
39 «9 43 * 11 41 * 11 
57:+8 61-748 60 +8 
2.3+1.0 1.9+0.7t 1.6 + 0.8t 
69 * 17 -84 + 221 83 + 20t 





vo Each mean * 1 standard deviation represents the mean * standard deviation of the average value obtained from the study of seven dogs. For 
each individual dog, the 50 or more consecutive cardiac cycles were analyzed at steady state conditions to calculate the average value for each 


variable for that dog for each intervention. 
— t = Significantly different from control (P <0.01). 


dP/dt/P,, = rate of rise of left ventricular pressure.at a developed isovolumic pressure of 40 mm Hg; TPR = total peripheral resistance; Vcf =- 
normalized mean velocity of et ventricular circumferential fiber shortening. 


-ic chart of analog signals, (2) a multichannel scope for mon- 
itoring and display, (3) an analog magnetic tape recorder 
for storage of all data signals, and (4) an analog to digital 
converter for input to the computer. In this mode, data can 
be sampled on-line; they can also be retrieved from mag- 
netic tape for study and selection of portions for detailed 
processing by the computer, with 16K words of main mem- 
ory (16 bit words) and two direct memory access channels, 
allowing data transmission rates up to 625 kilohertz by in- 
terleaving the channels. Peripheral devices include a multi- 
plexed 16 channel, 14 bit resolution analog to digital con- 
verter capable of through put rates of 18 kilohertz; two 
moving head disc drives, each with a fixed disc and a re- 
movable cartridge providing a peripheral storage capability 
of 2.6 million words, accessible at a transfer rate of 45 kilo- 
hertz; a 7 channel digital magnetic tape unit (200 bits/inch, 
30 inches/sec); a high speed printer (300 lines/min); and a 
Tektronix 4002A graphic terminal display unit. The hard- 
ware system is supervised by a HP-DOSM operating sys- 
tem with special input/output routines to facilitate contin- 
uous sampling and storage of large blocks of data (up to 
500,000 words). 

The Student's t test was used for pair group comparisons 
and a P value of less than 0.05 was considered to indicate a 
significant difference between compared groups of data.?? 


Results 


Control data: The control data obtained from 22 
conscious instrumented dogs are summarized in 
Table I. The dogs were studied 17 to 300 days post- 
operatively. 

The cardiac effects of D-L dobutamine: D-L 
dobutamine was infused into seven conscious instru- 
mented dogs in doses of 5, 10, 20 and 30 ug/kg per 
min intravenously. Table II shows the mean and 
standard error for each derived variable at each dose 
level. The control values for these variables did not 
differ from those in control animals. Analysis of these 
data shows that myocardial contractility was signifi- 
cantly increased as the dose of dobutamine was in- 
creased. Both dP/dt/P4) and normalized mean Vcf 
were increased above the control level in each dog as 
the dose of dobutamine was increased. These changes 


TABLE III 





occurred when there was no significant change m 
heart rate, end-diastolic volume or mean develope: 
wall force or mean aortic pressure. At the higher dost 
levels (20 and 30 ug/kg per min), the calculated total 
peripheral resistance was significantly decreased, 
whereas stroke volume, stroke work and ejection 
fraction tended to increase and end- systolic volume 
tended to decrease. However, these changes were not 
significantly different from control values. | 


Cardiac effects of isoproterenol: Isoproterenol 
was infused into six conscious instrumented dogs so 
that the animals received 0.02, 0.04, 0.06 or 0.10 
ug/kg per min of drug. Table III shows the mean mit 
standard error for each variable during the control. 
phase, as well as at each dose level. dP/dt/P4o and 
heart rate increased at each dose level; there was no 
developed wall force. End-diastolic and ond: avakalte 
volumes tended to decrease, whereas stroke volume 
increased. Mean Vef and ejection fraction increased 
with increased doses, whereas stroke work gradually 
increased and total peripheral resistance décrosa i 
markedly with the infusions of isoproterenol. — 


Comparative cardiac effects of dobutamine 
and isoproterenol at a given level of contractili-- 
ty: The percent change from control value of various. 
indexes when a given percent change in dP/dt/P4o is. 
produced by constant infusions of dobutamine and 
isoproterenol was calculated (Fig. 2). In such a plot, it 
is possible to compare the cardiac dynamic conse- 
quences of achieving a given state of contractility by 
infusions of dobutamine or isoproterenol. The first. 
panel shows that for any given percent change in. 
dP/dt/P4o there is a resultant higher heart rate with. 
isoproterenol than with dobutamine. Further, the 
level of total peripheral resistance is always signifi- 
cantly lower with isoproterenol than with dobuta- 
mine. Although the second panel shows no significant. 
differences in the mean aortic pressure or end-dia- 
stolic volumes at any given state of ORARE EE 


Cardiac Effects of Isoproterenol in Conscious Dogs (mean + 1 standard deviation*) | D 








Isoproterenol Infusions (ug/kg per min) SIM n 

Variable Control 0.02 0.04 0.06 0.1 j 
Heart rate (beats/min) 99 +5 118+ 10 138 + 11 152 + 11 161. 432€ CER 
Mean aortic pressure (mm Hg) 101*4 9745 94 * 5 99 +6 92 * 5 S 
dP/dt/P ,, (sec) 78 * 11 95+ 13 109 + 16 131 * 18 134 +20 i 
Mean Vcf (circ/sec) 1.9 + 0.3 2.1 * 0.26 2.2 + 0.24 2.4 + 0.24 2.4 + 0.25 
Ehd-diastolic volume (ml) 64 * 7 65-49 61+9 62+9 58 +9 
End-systolic volume (ml) 35+6 31+6 30+6 29 +6 28 + D. 
Stroke volume (ml) 30 *2 33 *3 33 +4 33:4 33 *4 (S 
Ejection fraction (96) 49 * 3 53*3 54 *3 55:3 55 +2 rV 
TPR X 10? (dynes sec cm ^) 2.7 * 0.14 1.9 * 0.15 1.8 + De 1.6 * 0.22 1.6 + 0.22 , 
Stroke work. (g) 51+4 56 +6 53 + 59 +7 46*8 2 





/'* Each mean + 1 standard deviation represents the mean + standard deviation of the average value obtained from the study of six dogs. For: 
each individual dog, the 50 or more consecutive cardiac cycles were analyzed at steady state conditions to calculate the average value for athi; 
variable for that for each intervention. 

Abbreviations as in Table Il. 
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FIGURE 2. Graphs showing the percent change from control values of selected cardiovascular variables obtained for a given percent change in 
.dP/dt/P4o from control value when conscious dogs are given infusions of dobutamine (open circles) and isoproterenol (closed circles). Abbre- 


viations as in Table |. 


stroke work is greater for any given dP/dt/P49 with 
dobutamine. The third panel shows that mean Vcf 
and ejection fraction increase linearly with each in- 
crease in dP/dt/P49, whereas with isoproterenol there 
is a greater decrease in end-systolic volume from any 
given end-diastolic volume than with dobutamine. In 
addition, although, with isoproterenol, the changes in 
these variables tend to equilibrate at maximum after 
a 75 percent increase in dP/dt/P49, with dobutamine, 
the maximal response in these same variables is seen 
only after dP/dt/P4 9 has been increased up to 120 
percent above the control level. 

Effect of heart rate on ventricular function at 
a given level of contractility: Pacing ventricular 
function curves?! were also used in conscious instru- 
mented dogs to separate the relative contributions to 
alteration in cardiac performance of changes in ven- 
tricular rate changes and changes in contractility. As 
left ventricular rate is increased by pacing at increas- 
ing frequencies there is a linear decrease in end-dia- 
stolic volume and stroke work.?:!??! Further analysis 
of our data show that as pacing frequency increased 
and total cycle length decreased there was no signifi- 
cant change in dP/dt/P49 (r = 0.280). Table IV shows 
the effect of changes in left ventricular rate on stroke 
work and dP/dt/P4 for data files taken from three 


conscious dogs subjected to left ventricular pacing at 
respective rates of 2.4, 2.6 and 3.0 hertz during a con- 
trol period. Cardiac minute work increased with in- 
creases in heart rate until there was a 40 percent 
change in heart rate. Beyond that point, the cardiac 
minute work decreased with further increases in 
heart rate. 

Table V shows the mean and standard error for 
changes in cardiac minute work, stroke work and 
heart rate and dP/dt/P4o that occurred in conscious 
dogs during constant infusions of dobutamine and 
isoproterenol. Cardiac minute work increased with 
both drugs. There was no significant change in heart 
rate with dobutamine, whereas dP/dt/P4o increased 
as much as 100 percent. However, isoproterenol 
caused an increase in heart rate and, at any level of 
contractility, heart rate was higher with isoproterenol 
than with dobutamine. With a 40 percent change in 
dP/dt/P4o from the control values the cardiac minute 
work was at a maximum, and this level appeared to 
be limited by the changes occurring in heart rate. 


Discussion 


Perhaps the primary physiologic objective in ther- 
apy of left ventricular myocardial dysfunction is to 


TABLE IV 


Effect of Ventricular Rate on Cardiac Minute Work in Conscious Dogs 


JM DOBUTAMINE AND CARDIAC DYNAMICS —HINDS AND HAWTHORNE 


Aie ERU EPOD PLAN RICCIRUE NOSE CACHER 2 BOI ee Se OR PO Ao LU T pcc MEM. EM E i rep irs M DuMME cadens WTR ITE a en Lo 


Frequency of Stimulation (hertz) 
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Variable Control 2.4 2.6 2.8 3.0 
VL SE C RTT PAN Qa QE a TF NGC SD MORE ENIMS Tg HE AME SRE 200 Sala rb PE PINS OUST AA) EST RC SOON UMS E Yos am o 
Cardiac minute work (g-m/min) 5189 + 725 5804 + 1812 5603 + 1898 5303 + 1992 4321 + 161 
Stroke work (g-m 49 -* 5 39 +12 34 « 12 30 « 12 24 * 1 
Heart rate (beats/min) 105 +10 148 +1 160 +2 172 +1 BIER 
dP/dt/P,, (sec ^) 83 + 19 73425 69 «9 66 +6 66 + 10 
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All values expressed as means + standard deviation of the mean. 


dP/dt/P,, = rate of rise of left ventricular pressure at a developed isovolumic pressure of 40 mm Hg. 


increase the cardiac minute work from any given end- 
diastolic volume at any given afterload against which 
a ventricle has to contract. The increase in cardiac 
minute work must be obtained at the lowest energy 
cost in terms of myocardial oxygen consumption 
(MVOs) and without compromising systemic and 
myocardial perfusion or significantly increasing the 
average midwall tensile stress during ejection. 

Selective increases in myocardial contractility: 
Studies on isolated muscle and controlled experi- 
ments?-!? have shown that one way to bring about a 
change in stroke work from any given end-diastolic 
volume and afterload is to increase selectively myo- 
cardial contractility. Selectively increasing myocar- 
dial contractility under these conditions will result in 
a decrease in end-systolic volume achieved from a 
given end-diastolic volume and thereby i increase the 
stroke work. It has been difficult to increase selec- 
tively myocardial contractility in man or conscious 
animals using drugs such as catecholamines?6:5.29,30 
without producing adverse side effects such as hypo- 
tension, hypertension, tachycardia and arrhythmia. 

Infusions of dobutamine, a new catecholamine, 
have been reported!4^-!? to stimulate beta; receptors 
of the heart and therefore cause selective increases in 
myocardial contractility. Our finding that constant 
infusions of dobutamine in conscious animals pro- 
duced linear increases in all the measured indexes of 
myocardial contractility, such as dP/dt/P4o, mean 
Vcf, ejection fraction and stroke work, without 
changes in end-diastolic volume, heart rate and mean 
aortic pressure, confirms the conclusion that dobuta- 
mine selectively increases myocardial contractility in 
the conscious healthy dog. Further, the finding that 
end-systolic volume decreased while stroke volume 
and stroke work increased from any given end-dia- 
stolic volume shows that the cardiac dynamic effects 
of selectively increasing myocardial contractility are 
the same in the conscious animal as those predicted 
from studies in isolated cardiac muscle and classic 
controlled experiments.?-!? In our studies, the 
changes in dP/dt/P4o are considered synonymous 
with changes in myocardial contractility. 

Effect of changing heart rate at a given level 
of myocardial contractility: Previous stud- 
ies?.102,31 have shown that increasing the rate of 
ventricular contraction by artificial stimulation de- 
creases ventricular volume in conscious dogs. These 


TABLE V 


Effects of Dobutamine and Isoproterenol on Cardiac Minute Work 2 








CMW SW HR dp/dt/P,,, 
Dobutamine 
(ug/kg per min) | 
Control 5877 +220 53+4 104-53 747 
5.0 7360 +592 67+8 100+£3 91+9- 
10 7646 +914 69+6 101+9 109+11 
20 9972 +982 84+8 106+8 142 * 14 
30 11,199 + 1097 83-*8 120+6 177 £15. 
Isoproterenol | 
(ug/kg per min) 
Control 4929 +381 51+4 99+5 78 * 11 
0.02 6460 + 1534 56*6 118+10  À 95:13 
0.04 7366 +945 53+7 138+11 109+16 
0.06 7342 +1895 59+7 152+11 131416 
0.10 7189 + 1300 46+8 161+11 134-2 





All values expressed as means + standard error of the means. 

CMW = cardiac minute work (g-m/min); dP/dt/P,, = rate of rise of 
left ventricular sf ton at a developed isovolumic pressure of 40 
mm Hg (sec !); = heart rate (beats/min); SW = stroke work 
(g-m). 
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studies demonstrated that stepwise increases in pac- 
ing rates from 2 to 3.5 hertz causes stepwise decreases 
in end-diastolic volume and stroke work without sig- 
nificantly altering myocardial contractility. Our find- 
ing that dP/dt/P4o was not related to pacing rate fur- 
ther confirms the conclusion that increasing left ven- 
tricular rate does not change myocardial contractili- 
ty. The ventricular function curve represents the 
relation between stroke work and end-diastolic vol- 
ume produced through unique changes in ventricular 
rate at a given level of contractility. Further analysis 
of these data shows that cardiac minute work can be 
increased only up to a point through increases in 
heart rate alone. Our data show that when heart in- 
creases beyond 40 percent of the control rate there is 
a decrease in cardiac minute work at any given level 
of myocardial contractility. It is clear that the 
amount of cardiac minute work that can be produced 
by the left ventricle from any given level of end-dia- 
stolic volume and contractility is limited by the fre- 
quency of contraction of the left ventricle. 
Comparison of cardiac dynamic effects of. 
dobutamine and isoproterenol: A comparison of 
the cardiac dynamic effects of dobutamine and iso- 
proterenol can be equated to a comparison of the ef- 
fects of changes in myocardial contractility and the 
effects of changes in both heart rate and myocardial 
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contractility. When a given level of contractility (60 
percent change in dP/dt/P49) was achieved by con- 
stant drug infusions, stroke work was increased by 40 
percent with dobutamine but by only 10 percent with 
isoproterenol. However, cardiac minute work was in- 
creased by both drugs. The data show that minute 
work of the ventricle can be augmented in at least 
_two ways: (1) through unique changes in myocardial 
contractility by which, at a given mean aortic pres- 
sure and end-diastolic volume, stroke volume, and 
thus stroke work, is increased; and (2) through an in- 
crease in heart rate and contractility by which, at a 
given mean arterial pressure, end-diastolic volume 
and stroke volume and the resultant stroke work are 
decreased, but the cardiac work per minute is in- 
creased. When a contractility level of 40 percent was 
reached through infusions of isoproterenol, a maxi- 
‘mal increase in cardiac minute work was achieved; 
further infusions of isoproterenol were attended by 
further increases in heart rate and contractility but 
no further change in minute work. However, with 
infusions of dobutamine, cardiac minute work con- 
tinued to increase with increases in contractility. It 
appears therefore that the absence of a chronotropic 
effect with infusions of dobutamine allows for greater 
increases in myocardial contractility and a greater 
amount of minute work from a given ventricle. That 
the reduced minute work obtained with isoproterenol 
‘is a function of the rate effect is supported by our 
‘data showing that at a given level of contractility car- 
‘diac minute work was dependent on the ventricular 
rate. 

...t is well known??5 that the major determinants 
‘of MVO» are (1) myocardial stress, (2) the level of 
myocardial contractility, (3) heart rate, and (4) 
Stroke work, which is said to be of minor importance 
as a determinant of MVO». Since at comparable lev- 
els of myocardial contractility, mean developed wall 
force and cardiac minute work, heart rate was always 
significantly higher with infusions of isoproterenol 
than with infusions of dobutamine, it can be assumed 
that the MVO» must be greater with isoproterenol 
than with dobutamine because of the higher heart 


FT SNF Zoey ae 
' 


DUDEN Tig NE A e e A N mS Tet a Fen Ar ee Er dd OR a 
or 7 IS ie ce pos c "SN T nr ENS bial =ó DTE oF fad AA 3 F ^ * A =e i ` - E T , 
DOBUTAMINE AND CARDIAC DYNAMICS—HINDS AND HAWTHORNE — 


rate.?? This conclusion is supported by the work of 
Tuttle et al.* They observed that, although both 
drugs produced coronary vasodilation, the coronary 
sinus partial pressure of oxygen (PO2) was increased 
by 35 percent with dobutamine and decreased by 11 
percent with isoproterenol when infusion of the two 
agents produced equal increases (68 percent) in myo- 
cardial contractility. This finding indicates that myo- 
cardial oxygen extraction was greater with isopro- 
terenol than with dobutamine. Thus, dobutamine can 
be considered to increase myocardial oxygen avail- 
ability through maintenance of myocardial perfusion 
pressure along with coronary vasodilation. The ab- 
sence of a chronotropic effect with dobutamine fur- 
ther allows the ventricle to produce more minute 
work without compromising the balance between 
myocardial oxygen availability and myocardial oxy- 
gen demand. 

Clinical implications: In patients with myocar- 
dial dysfunction, the functional muscle mass is re- 
duced. To improve cardiac performance, there must 
be an increase in cardiac work from the existing func- 
tional cardiac muscle. Our studies show that this car- 
diac work can be increased through an increase in 
myocardial contractility alone or through increases in 
both heart rate and myocardial contractility. How- 
ever, in the latter approach the amount of cardiac 
minute work that can be produced is limited by the 
frequency of contraction of the ventricle at any given 
level of contractility; thus, the change in heart rate 
that can be tolerated is of the utmost importance. It 
appears that the most effective way to increase cardi- 
ac minute work in myocardial dysfunction would be 
to increase myocardial contractility selectively at the 
lowest energy cost. From this vantage point, dobuta- 
mine would appear to be the more effective drug for 
treatment of myocardial dysfunction because it al- 
lows for marked increases in cardiac minute work 
through selective increases in myocardial contractili- 
ty without changes in end-diastolic volume or mean 
developed wall force and at a lower energy cost be- 
cause of the absence of a significant chronotropic ef- 
fect. 


Foor References 


. Dodge HT, Lord JD, Sandler H: Cardiovascular effects of iso- 
. . proterenol in normal subjects and subjects with congestive 
: -~ heart failure. Am Heart J 60:94-104, 1960 

..2. Gunnar RM, Loeb HS, Pietras RJ, et al: Ineffectiveness of iso- 
|... proterenol in shock due to acute myocardial infarction. JAMA 
|... 202:1124-1128, 1967 

. 3. Krasnow H, Rolett EL, Yurchak PM, et al: Isoproterenol and 
. cardiovascular performance. Am J Med 37:514—525, 1964 

_ 4. Mueller H, Ayres SM, Gregory JJ, et al: Hemodynamics, coro- 
^. nary blood flow, and myocardial metabolism in coronary shock; 
—. response to L-norepinephrine and isoproterenol. J Clin Invest 
....49:1885- 1902, 1970 

5. Smith HJ, Oriol A, Morch J, et al: Hemodynamic studies in car- 
. . diogenic shock. Treatment with isoproterenol and metaraminol. 
— - Circulation 35:1084—1901, 1967. 

. 6. Goldberg LI, McDonald RH Jr, Zimmerman AM: Sodium diure- 
. ..Sis produced by dopamine in patients with congestive heart fail- 


ure. N Engl J Med 269:1060- 1064, 1963 
7. Rosenblum R, Frieden J: Intravenous dopamine in the treat- 
ment of myocardial dysfunction after open heart surgery. Am 
Heart J 83: 743-748, 1972 
8. Talley RC, Goldberg LI, Johnson CE, et al: A hemodynamic 
comparison of dopamine and isoproterenol in patients in shock. 
Circulation 39:361—378, 1969 
9. Sarnoff SJ, Berglund E: Ventricular function. Starling's law of 
the heart studied by means of simultaneous right and left ven- 
tricular function curves in the dog. Circulation 9:706-718, 1954 
10. Sarnoff SJ, Mitchell JH: The control of the function of the heart. 
In, Handbook of Physiology, Vol. |, Sect 2, chap 15 (Hamilton 
WF, Dow P, ed. Bethesda, Md, American Physiology Society, 
1962, p 489 
11. Ross J, Covell JW, Sonnenblick EH, et al: Contractile state of 
the heart characterized by force-velocity relations in variably af- 
terloaded and isovolumic beats. Circ Res 18:149—163, 1966 


lg Vi bed eet ome 


15. 
16. 
17. 
18. 


19. 


20. 


21. 


22. 


23. 


. Taylor RR, Ross J, Covell J, et al: A quantitative analysis of left 


ventricular myocardial function in the intact sedated dog. Circ 
Res 21:99-115, 1967 


. Sonnenblick EH: Instantaneous force-velocity length determi- 


nants in the contraction of heart muscle. Circ Res 16:441—45 1, 
1965 


. Tuttle RR, Pollack DG, Todd G, et al: Dobutamine: containment 


of myocardial infarction size by a new inotropic agent (abstr). 
Circulation 48:132, 1973 

Tuttle RR: The inotropic and chronotropic effects of dobutamine 
and isoproterenol on cat atria and papillary muscles at different 
temperatures (abstr). Fed Proc 33:1651, 1974 

Tuttle RR, Mills J: Dobutamine: development of a new catechol- 
amine to selectively increase cardiac contractility. Circ Res 36: 
185—196, 1975 

Robie NW, Nutter DO, Moody C, et al: In vivo analysis of adren- 
ergic receptor activity of dobutamine. Circ Res 34:663-—67 1, 
1974 

McRitchie RJ, Vatner SF, Tuttle R, et al: Cardiovascular effects 
of dobutamine, a cardiospecific 8-adrenergic stimulant, in con- 
scious dogs (abstr). Circulation 48:suppl IV:IV-136, 1973 
Hawthorne EW, Walker ML, Hinds JE, et al: A user interactive 
data acquisition and reduction system for the study of cardiac 
dynamics. In, Chronically Implanted, Cardiovascular Instrumen- 
tation (McCutcheon EP, ed). New York, Academic Press, 1973, 
p 455-478 

Hinds JE, Hawthorne EW: Multiple implants in chronically instru- 
mented dogs. In Ref 19, p 321-332 

Kraft-Hunter F, Hawthorne EW: “Pacing” left ventricular func- 
tion curves in conscious dogs. In, Paul D. White Symposium, 
New York, Major Advances in Cardiovascular Therapy (Russek 
HI, ed). Baltimore, Williams & Wilkins, 1973, p 71-89 

Perry MD, Hinds JE, Hawthorne EW: A linearized inductance 
micrometer for monitoring left ventricular internal diameter. Un- 
published data 

Bishop VS, Horowitz LD: Left ventricular transverse internal di- 
ameter. Value in studying left ventricular function. Am Heart J 
80:507-514, 1970 


. DOBUTAMINE AND CARDIAC DYNAMICS—HINDS AND HAWTHORNE 
24. 


25. 


26. 


27. 


35. 


Mason DT, Braunwald E, Covell JW, et al: Assessment of car- 
diac contractility: relation between the rate of pressure rise and 
ventricular pressure during isovolumic systole. Circulation 44: 
47-58, 1971 ns 
Grossman W, Haynes F, Paraskos JA, et al: Alterations in pre- 
load and myocardial mechanics in the dog and in man. Circ Res 
31:83-94, 1972 

Hawthorne EW, Hinds JE, Crawford WJ, et al: Left ventricular 
myocardial contractility during the first week of renal hyperten- 
sion in conscious instrumented dogs. Circ Res 34: Suppl t:l- 
223-1-234, 1974 

Paraskos JA, Grossman W, Saltz S, et al: A noninvasive tech- 
nique for the determination of velocity of circumferential fiber 
shortening in man. Circ Res 29:610-615, 1971 


. Snedecor GW, Cochran WG: Statistical Methods, 6th edition 


Ames, lowa, lowa State University Press, 1967 


. Goldberg LJ: Cardiovascular and renal actions of dopamine: po- 


tential clinical applications. Pharmacol Rev 24:1-29, 1972 


. Hawthorne EW, Ison E: Effects of sympathicomimetic amines 


and adrenergic blocking agents on myocardial function. In, 
Shock and Hypotension: Pathogenesis and Treatment, 12th 
Hahnemann Symposium (Mills LC, Moyer JH, ed). New Vote. 
Grune & Stratton, 1965, p 45-62 


. Rushmer RF, Smith OA Jr: Cardiac control. Physiol Rev 39: 41, 


1959 


. Sonnenblick EH, Ross J Jr, Braunwald E: Oxygen consumption 


of the heart. Am J Cardiol 22:328—-336, 1968 


. Skelton CL, Sonnenblick EH: Myocardial energetics, chap 5: i! 


Cardiac Mechanics: Physiological, Clinical and Mathematical 
Considerations (Mirsky J, Ghista ND, Sandler H, ed). New Yon 
John Wiley, 1974, p 115-124 


. Maroko PR, Kjekshus JK, Sobel BE, et al: Factors Influencing 


infarct size following experimental coronary artery occlusions. 
Circulation 43:67-82, 1971 

Watanabe T, Covell JW, Maroko PR, et al: Effects of increased 
arterial pressure and positive inotropic agents on the severity of 
myocardial ischemia in the acutely depressed heart. Am J Car- 
diol 30:37 1-377, 1972 


Effects of Ischemia and Coronary Reperfusion on 
Myocardial Digoxin Uptake 


GEORGE A. BELLER, MD* 
THOMAS W. SMITH, MDT 
WILLIAM B. HOOD, Jr., MD 


Boston, Massachusetts 


From the Cardiac Unit, Massachusetts General 
Hospital and Cardiology Division, Boston City 
Hospital and the Department of Medicine, Har- 
vard and Boston University Medical Schools, 
Boston, Mass. The study was supported in part 
by Contracts NHLI 71-2498 and NO 1 HV- 
71443 and by Grants HL-18003, AL-14646, and 
HE 07299 from the U. S. Public Health Service, 
Bethesda, Md. 

* Special Research Fellow of the National 
Heart and Lung Institute (Fellowship 5 FO3 
HL55302-2) National Institutes of Health, Be- 
thesda, Md. 

t Established Investigator of the American 
Heart Association, Dallas, Texas. Present ad- 
dress Cardiovascular Division, Peter Bent Brig- 
nam Hospital, Boston, Mass. 

Address for reprints: George A. Beller, MD, 
Cardiac Unit, Massachusetts General Hospital, 
Fruit St., Boston, Mass. 02114. 


The effects of coronary reperfusion on the uptake of digoxin by isch- 
emic myocardium were studied in 17 open chest dogs undergoing an- 
terior wall infarction produced by snaring confluent branches of the left 
coronary arterial system. Epicardial electrograms delineated ischemic, 
border and nonischemic zones. The hearts were reperfused by snare 
release after 1, 2 and 6 hours of occlusion. After 15 minutes of reperfu- 
sion, 1.0 mg of tritiated digoxin (*H-digoxin) was given intravenously, 
and 2 hours later the hearts were excised and endocardial and epicar- 
dial samples from each zone were analyzed for ?H-digoxin concentra- 
tion. In another group of eight dogs regional myocardial blood flow was 
assessed utilizing 15 u of radio-labeled microspheres administered 
during occlusion and reperfusion. In five dogs with 1 hour of coronary 
occlusion and subsequent reperfusion, *H-digoxin uptake was compa- 
rable in endocardial and epicardial layers of all three zones. In six dogs 
undergoing reperfusion after 2 hours of occlusion, mean ?H-digoxin 
concentration was significantly (P <0.001) reduced from the mean 
nonischemic concentration, by 54 percent in endocardial and 35 per- 
cent in epicardial layers of the ischemic zone. Border zone endocardial 
and epicardial *H-digoxin uptake was reduced by 21 percent and 16 
percent, respectively (P «0.05). In six dogs undergoing reperfusion 
after 6 hours of occlusion, *H-digoxin uptake in the ischemic zone was 
significantly (P «0.001) reduced by 85 percent in endocardial and 60 
percent in epicardial layers from the concentration in the nonischemic 
zone. Border zone uptake was decreased by 54 percent in endocardial 
and 36 percent in epicardial regions (P « 0.01). These alterations of in 
vivo digoxin binding could not be explained by impaired reflow of blood 
to ischemic myocardium. We conclude that coronary reperfusion after 
2 to 6 hours of occlusion is associated with a marked reduction in 
myocardial digoxin uptake, which is more pronounced in subendocar- 
dial than in subepicardial regions of ischemic tissue. 


One of the essential functions of the myocardial cell membrane is the 
maintenance of physiologic cellular sodium (Na*) and potassium 
(K*) ion concentrations by active transport processes. There is con- 
vincing evidence that the mediator of active transport of Na* and K* 
is a membrane-bound, Na*- and K*-activated adenosine triphos- 
phate phosphohydrolase enzyme complex that is thought to function 
as a "sodium pump."! However, only limited information is available 
concerning possible alterations in this myocardial (Na* + K*)-aden- 
osine triphosphatase complex after myocardial ischemia? or hypoxia? 
and the role, if any, of these changes in the pathogenesis of irrevers- 
ible ischemic injury of the myocardial cell. 

(Nat + K*)-adenosine triphosphatase activity and monovalent 
cation transport are specifically inhibited by digitalis glycosides,*® 
and several investigators have suggested that this enzyme system 
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is the pharmacologic receptor for digitalis glycosides.^- 


1 We!? previously demonstrated that after 1 hour of 
coronary occlusion, there was substantial impairment 
of uptake of tritiated digoxin (?H-digoxin) by isch- 
emic myocardial tissue, which was greatest in regions 
of most severe ischemic injury as judged by changes 
in epicardial electrograms. 

The experiments described herein were performed 
to determine the effect of coronary reperfusion after 
various periods of occlusion on the ability of the myo- 
cardium to bind ?H-digoxin, a process thought to be 
related to the integrity of the (Nat + K*)-adenosine 
triphosphatase system.9.!? Regional blood flow mea- 
surements during identical periods of occlusion and 
reperfusion were made to determine the extent to 
which altered glycoside binding might be related to 
flow. 


Methods 


Myocardial uptake of ?H-digoxin was measured in three 
groups of dogs after various periods of coronary occlusion 
and reperfusion. Animals were anesthetized with intrave- 
nously administered sodium pentobarbital (30 mg/kg), 
after which left thoracotomy was performed. Respiration 
was maintained with a positive pressure respirator (Ben- 
nett Respiratory Products, Inc., Santa Monica, Calif.). All 
animals breathed 40 percent oxygen throughout the experi- 
ment. The heart was suspended in a pericardial cradle, and 
snares were placed upon multiple confluent branches of the 
left anterior descending and circumflex coronary arterial 
systems supplying an area of anterior wall and apex of the 
left ventricle (Fig. 1). 

For each dog, 10 to 12 mapping areas were designated on 
the epicardial surface of the left ventricle. Epicardial elec- 
trocardiographic mapping at each site was performed util- 
izing a stainless steel cylinder 8 cm long and 2.5 mm in di- 
ameter, the tip of which was smoothly ground and polished. 
The cylinder was attached to the exploring electrode of a 
conventional electrocardiographic lead system. This elec- 
trode was held lightly at a right angle to the epicardium 
during the surface mapping procedure. Epicardial electro- 
grams were standardized at a stylus deflection of 1 mm/mv. 

A femoral artery was isolated and a catheter passed into 
the central aorta. Arterial pressure was monitored with a 
Statham P23Db pressure transducer. Both arterial pres- 
sure and electrocardiographic recordings were made on a 
two channel Sanborn recorder at a paper speed of 50 mm/ 
sec. 

Experimental infarct model: After control recordings 
were obtained, serial coronary arterial branch occlusions 
were performed at 10 to 15 minute intervals until approxi- 
mately one third to one half of the anterior surface of the 
left ventricle appeared cyanotic. This required from three 
to five ligatures. Adjacent coronary venous branches re- 
mained intact. After ligations were completed, surface 
mapping was again performed at the site previously 
mapped during the control period. Postocclusion electro- 
grams revealed four zones (Fig. 1): (1) a central zone of 
ischemia characterized by S- T segment elevation or, occa- 
sionally, by S-T segment depression greater than 1 mv; (2) 
a peripheral ischemic zone showing qualitatively similar 
S-T segment changes of lesser magnitude; (3) a border zone 
1.0 to 1.5 cm in width adjacent to the peripheral zone of 
ischemia, usually exhibiting S-T segment depression; and 
(4) a nonischemic zone within which S-T segments were 
unchanged from the control tracings. 


DIGOXIN UPTAKE AFTER CORONARY REPERFUSION—BELLER ET AL. 





Nonischemic 
( Post. wall) 


Lol 
, Center 


Ischemic 
Periphery 





FIGURE 1. Diagramatic representation of the canine heart. Upper 
drawing, 12 epicardial mapping sites on the anterior surface of the 
left ventricle. Lower drawing, acute infarction produced by snaring 
multiple branches of the left anterior descending and circumflex cor- 
onary arteries. Central and peripheral zones of ischemia (darkly 
shaded area) are characterized by S-T segment elevation. Epicar- 
dial electrographic complexes were taken from a representative dog 
in this study. Post — posterior. 


Reperfusion studies: The uptake of ?H-digoxin after 
acute ischemia and reperfusion was examined in 17 open 
chest dogs undergoing anterior wall infarction in the man- 
ner described. Reperfusion was performed by snare release 
1 hour (five dogs) or 2 or 6 hours (six dogs each) after oc- 
clusion. After 15 minutes of reperfusion, 1.0 mg of ?H-di- 
goxin (specific activity 143 uCi/mg)* was given intrave- 
nously and 2 hours later the hearts were excised and endo- 
cardial and epicardial samples from each zone were ana- 
lyzed for concentration of ?H-digoxin. 3 

Myocardial °H- digoxin measurements: The oiia 
utilized for measuring left ventricular ?H-digoxin uptake 
was as previously described.!? Briefly, left ventricular en- 
docardial and epicardial samples were blotted dry, washed, 
weighed and immediately refrigerated at —20? C. Within 2 
weeks the specimens were thawed, diced and placed into 
vials containing 15 ml of the liquid scintillation medium 
described by Bray.!? After vigorous shaking for 48 hours at 
37? C to elute ?H-digoxin from the samples, the contents of 
the vials were counted in a liquid scintillation spectrome- 
ter. Completeness of elution of ?*H-digoxin was assured by 
comparisons with samples fully solubilized with NCS (Am- 
ersham/Searle, Des Plaines, Ill.). Quenching correction was 
achieved by addition of internal standards of ?H-digoxin. 

Regional blood flow studies: Regional myocardial 
blood flow to ischemic and nonischemic myocardium dur- 
ing occlusion and reperfusion was measured in eight dogs, 
four with 2 hours and four with 6 hours of occlusion, utiliz- 
ing 15 + 5u (mean + standard error of the mean) carbon- 
ized radioactive microspheres (3M Company, MN 


* Kindly donated by Dr. Stanley T. Bloomfield, Burroughs Well- 
come Co. 
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FIGURE 2. ?H-digoxin uptake after coronary reperfusion in five dogs 
with 1 hour of coronary occlusion. Values are expressed as percent 
of nonischemic concentration in epicardial (lightly stippled bars) 
and endocardial (darkly stippled bars) halves of myocardial sam- 
ples from the center (left) and peripheral (middle) zones of isch- 
emia and from the border zone (right). 
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FIGURE 3. Myocardial ?H-digoxin uptake after coronary reperfusion 
in six dogs with 2 hours of coronary occlusion. Conventions as in 
Figure 2. 
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FIGURE 4. Myocardial *H-digoxin uptake after coronary reperfusion 


in six dogs with 6 hours of coronary occlusion. Conventions as in 
awe 2. 


Minn.). The microspheres were suspended in 10 ml of 10 
percent dextran with 1 drop of Tween 80 added to mini- 
mize clumping. A bolus injection of 400,000 microspheres 
labeled with strontium-85 was made into the left atrium at 
the end of each occlusion period, 5 minutes before reflow. 
After 15 minutes of reperfusion, another bolus injection of 
microspheres labeled with cerium-141 was administered in 
the identical manner. This dose of microspheres has been 
shown to produce no alteration in systemic hemodynamics. 
Before a dose was withdrawn, vials containing the micro- 
spheres were dispersed in a Vortex mixer set at full speed 
for 5 minutes and then agitated in an ultrasonic bath for 
another 10 minutes. The resultant suspension appeared as 
a homogeneous, clump-free suspension of black micro- 
spheres. After the second injection of microspheres, the 
hearts were rapidly excised. Myocardial specimens from 
ischemic and nonischemic zones were divided into endocar- 
dial and epicardial halves as previously described in the 
studies of *H-digoxin uptake. The weighed tissue samples 
were placed in plastic tubes and counted in a gamma well 
scintillation counter (Nuclear Chicago) at two appropriate- 
ly selected energy windows. Observed *5Sr and !*!Ce counts 
were corrected for counting efficiency and channel overlap, 
and the rate of disintegrations/minute per gram for each 
nuclide was calculated. 

Statistical analysis: All data are presented as mean 
values + standard error of the mean; the significance of dif- 
ferences was assessed by the paired t test, each heart serv- 
ing as its own control, using a two-tailed distribution.!4 


Results 

Digoxin binding after coronary occlusion and 
reperfusion: ?H-digoxin concentrations in endocar- 
dial and epicardial samples of ischemic, border and 
nonischemic myocardial zones after coronary reper- 
fusion for dogs occluded for 1, 2 and 6 hours are 
shown in Figures 2 to 4. In the five dogs with 1 hour 
of occlusion and subsequent reperfusion (Fig. 2), ?H- 
digoxin uptake was not significantly reduced in endo- 
cardial or epicardial halves of the central ischemic 
zone. Transmural ?H-digoxin distribution as assessed 
by endocardial/epicardial ratios was comparable in 
all four zones. 

In six dogs undergoing reperfusion after 2 hours of 
occlusion (Fig. 3), ?H-digoxin concentrations in the 
center of the ischemic zone were significantly re- 
duced (P <0.001) to 46 + 5 percent of the nonisch- 
emic concentration in endocardial regions and to 65 
+ 6 percent in epicardial regions. Mean ?H-digoxin 
concentration in the periphery of the ischemic zone 
was significantly reduced to 62 + 11 percent of the 
nonischemic concentration in endocardial regions 
and 82 + 11 percent in epicardial regions (P <0.001). 
Border zone uptake was slightly decreased to 79 + 9 
percent of nonischemic uptake in endocardial layers 
and 84 + 6 percent in epicardial layers (P <0.05). 

In six dogs with reperfusion after 6 hours of occlu- 
sion (Fig. 4), ?H-digoxin concentration in the center 
of the ischemic zone was markedly reduced to 15 + 2 
percent of the nonischemic concentration in endocar- 
dial regions and to 40 + 4 percent in epicardial re- 
gions (P <0.001). The mean endocardial/epicardial 
ratio of ?H-digoxin uptake in the center of the isch- 
emic zone was 0.40 + 0.04, compared with 1.07 + 0.04 
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in nonischemic myocardium. In the periphery of the 
ischemic zone mean endocardial and epicardial *H- 
digoxin uptake was also significantly reduced to 28 + 
7 percent and 50 + 2 percent, respectively (P 


= <0.001), relative to concentrations in nonischemic 


myocardium. Border zone uptake was significantly 
decreased to 46 + 11 percent of nonischemic uptake 
‘in endocardial layers and to 64 + 4 percent in epicar- 
dial layers (P «0.001). Mean endocardial/epicardial 
ratios in the periphery of the ischemic and border 
- zones were reduced to 0.59 + 0.15 and 0.78 + 0.17, re- 
. spectively. 

Thus, coronary reperfusion instituted after 2 and 6 
hours of occlusion was associated with impairment of 
3H-digoxin uptake, which was greater the longer the 
period of occlusion before reflow. In addition, suben- 
docardial concentrations of ?H-digoxin were reduced 
to a significantly greater extent than were subepicar- 
dial concentrations, as demonstrated by the reversal 
of the endocardial to epicardial gradients observed in 
 nonischemic tissue. 

Regional blood flow during occlusion and re- 
perfusion: To determine whether impaired reflow of 
blood to ischemic myocardium after reperfusion 
could account for the observed altered binding of 
3H-digoxin, further experiments were carried out to 
. assess regional blood flow during occlusion and reper- 
fusion after similar periods of ischemia. Table I 
shows regional flow measurements, expressed as per- 
cent of nonischemic flow, in eight dogs subjected to 
.. 15 minutes of reperfusion after either 2 or 6 hours of 

coronary occlusion. In four dogs with 2 hours of oc- 
clusion, regional flow at the end of the occlusion peri- 
od was significantly reduced in endocardial and epi- 
cardial layers of ischemic and border zones. In the 
center of the ischemic zone, regional flow values were 
reduced to 6 percent (range 1 to 13 percent) of non- 
ischemic flow values in endocardial layers and to 23 
percent (range 11 to 27 percent) in epicardial layers. 
After reperfusion, flow values were restored to 209 
percent (108 to 278 percent) and 206 percent (78 to 
345 percent) in endocardial and epicardial layers, re- 
spectively, indicating transmural reactive hyperemia 
in this area. Qualitatively similar findings were ob- 
served in ischemic peripheral and border zone re- 
gions (Table I). In all animals, reperfusion of these 
areas resulted in restoration of regional flow equal to 
or greater than flow in nonischemic myocardium. 

In four dogs with 6 hours of coronary occlusion 
(Table I), regional flow at the end of the occlusion 
period was also greatly reduced in ischemic myocar- 
dium. In the center of the ischemic zone, mean flow 
values decreased to 2 percent (0.3 to 5 percent) of 

 nonischemic flow values in endocardial layers and to 
18 percent (1 to 43 percent) in epicardial layers. After 
15 minutes of reperfusion, regional flow values re- 
turned to 79 percent (31 to 131 percent) of nonisch- 
emic flow values in endocardial and 119 percent (34 


to 197 percent) in epicardial regions, but a wide vari- 


ation in flow recovery was manifest. Dog 5 had the 
smallest decrement in flow during the occlusion peri- 


rc 


regions. Results of the microsphere experiments 
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TABLE | 


Regional Myocardial Blood Flow Represented as Percent : 
of Nonischemic Flow in Dogs Undergoing 15 Minutes of | 





Reperfusion (R) After 2 or 6 Hours of Occlusion (O) Ya ; 
Epicardial Endocardial 
Dog no. Site O R OE i ee 
A. Dogs with 2 Hours of Occlusion XE * 
1 C 11 244 1275 059008 
P 13 242 $155 421. 
B 38 110 5 |..98. 
2 C 27 78 7 (108. 
P 34 104 9 - 137. 
B 25 86 16 171. 
3 C 27 345 4 232. 
P 54 111 28 227 
B 72 111 51 110. 
4 C 26 156 13 278. 

P 33 112 15 281 
B 38 117 34 163. 

Mean C 23 206 6 209 
values P 33 142 16 MEER C 2 13: 
B 43 106 26 (135. 
B. Dogs with 6 Hours of Occlusion — M 
5 C 43 137 6 CA 
P 54 150 24 119. 
B 58 135 39 .96. 

6 C 24 197 0.5 77 

P 33 243 1 

B 66 132 40 155. 

7 C 1 34 0.3 31 

P 3 38 2 45 

B 52 118 28 64 

8 C 4 108 1 79 

P 13 98 5 82 
B 56 117 15 89. 

Mean e 18 119 2 79 
values P 26 132 8 100. 
B 58 125 30 101. 


B = border zone; C and P = center and periphery, respectively, of 
ischemic zone. P. 
od and demonstrated the greatest degree of flow re- 
covery during reperfusion. In the other three dogs in. 
this group, the “no reflow” phenomenon was evident. 
to various degrees (Table IB). At the time of sacri- 
fice, subendocardial hemorrhage was grossly visible 
in these three animals. Regional flow patterns during 
occlusion and reperfusion in the periphery of the 
ischemic zone and in the border zone in this group 
were similar and showed complete or almost com-. 
plete return to nonischemic values in three of the ; 
four dogs. Thus, after 6 hours of coronary occlusion, 
reperfusion resulted in impaired reflow of blood to 
ischemic myocardium. However, in three of four ani- 
mals, flow was restored to greater than 75 percent of 
nonischemic values, indicating only a mild degree of 
“no reflow.” However, despite this substantial recov- 
ery of passive flow, ?H-digoxin uptake studies in dogs. 
with 6 hours of occlusion and 15 minutes of reperfu- 
sion had a mean concentration of the glycoside in the. 
center of the ischemic zone that was markedly re- 
duced, to 15 percent of nonischemic concentration in 
endocardial regions and to 40 percent in epicardial 
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demonstrate that this severe impairment in digoxin 
binding cannot entirely be explained by the observed 
alterations in regional flow after reperfusion. In all 
animals with 2 hours of occlusion and 15 minutes of 
reperfusion, regional flow was restored to values 
greater than those in nonischemic zones, whereas 
3H-digoxin uptake was substantially reduced to 
values ranging from 45 to 65 percent of nonischemic 
uptake. 

_ Mean arterial blood pressure did not change signif- 
icantly during the occlusion period in any of the 
three groups of animals and was not altered from 
control values after 15 minutes of reperfusion. 


Discussion 


. Our study shows that coronary reperfusion insti- 
tuted after 2 or 6 hours of coronary occlusion is asso- 
ciated with greatly reduced in vivo myocardial digox- 
in binding, which cannot entirely be accounted for by 
persistent reductions in regional blood flow during 
the reperfusion period. Reduced digoxin binding 
after reperfusion of ischemic myocardium was a grad- 
ed response, in terms of both duration and severity of 
ischemia. Impairment of digoxin uptake was greatest 
in the center of the ischemic zone, which showed the 
greatest degree of S-T segment elevation during the 
occlusion period. 

. After 1 hour of occlusion, reperfusion resulted in 
almost complete recovery of digoxin uptake by myo- 
cardial tissue in ischemic and border zone regions. 
However, there was some possible impairment of di- 
goxin bindirig in endocardial layers in the center and 
periphery of the ischemic zone, but the reduction (15 
percent) was not statistically significant. Reperfusion 
after 2 hours of coronary occlusion was associated 
with impaired binding of the glycoside in the center 
and periphery of the ischemic zone, but border zone 
uptake was only slightly reduced. When reperfusion 
was carried out after 6 hours of coronary occlusion, 
?H-digoxin uptake in central and peripheral ischemic 
zones was greatly reduced and was quantitatively 
similar to mean values observed in animals with coro- 
nary occlusion without reperfusion.!? Previous stud- 
ies!? in animals with 1 hour of occlusion but no reper- 
fusion demonstrated that ?H-digoxin concentration 
in subendocardial layers of the center of the ischemic 
region was reduced to 10 percent of the nonischemic 
control concentration. Thompson et al.!° also found a 
three- to fourfold decrease in ?H-digoxin concentra- 
tion in experimental canine infarcts after acute coro- 
nary occlusion. Also, as previously demonstrated in 
nonreperfusion experiments, subendocardial concen- 
trations of ?H-digoxin were reduced significantly 
more than subepicardial concentrations, resulting in 
reversal of the normal endocardial to epicardial 
transmural gradients. 

. Mechanism of impaired digoxin binding in 
ischemic myocardium: The mechanism for impair- 
ment of left ventricular myocardial digoxin uptake in 
animals undergoing coronary occlusion undoubtedly 
partly reflects altered regional flow to ischemic and 


nonischemic tissue. Local increases in extracellular 
potassium concentration may also contribute to im- 
paired digoxin binding in ischemic myocardium. It 
has been shown that elevated serum potassium con- 
centrations reduces myocardial ?H-digoxin binding 
in normal canine myocardium,!® an effect that is 
probably related to the known ability of potassium to 
reduce the rate of cardiac glycoside binding to (Na* 
+ K*)-adenosine triphosphatase. The marked de- 
crease in digoxin binding in ischemic tissue may also 
be related to other causes of alteration of the ability 
of (Na* + K*)-adenosine triphosphatase to bind the 
drug, including substrate (adenosine triphosphate) 
limitation. Adenosine triphosphate is required for 
optimal binding of cardiac glycosides to isolated and 
partially purified (Na* + K*)-adenosine triphospha- 
tase.? It is evident that intact metabolic machinery is 
required' for optimal binding to myocardial tissue in 
the models studied by Marks.!? An additional possi- 
bility is that structural damage or loss of the enzyme 
complex might occur under the conditions existing in 
ischemic myocardium. 

Reversibility of changes: The reperfusion experi- 
ments were undertaken to determine the potential 
reversibility of alterations in myocardial digoxin up- 
take observed during ischemia. Reperfusion would be 
expected to be effective, restoring substrate delivery 
and “washing out" accumulated lactic acid and po- 
tassium from previously occluded zones. However, 
restoration of coronary flow after 2 and 6 hours of 
coronary occlusion appeared to have little effect in 
reversing the ischemia-induced alteration in digoxin 
binding. In our study, reflow of blood to ischemic 
myocardium after 15 minutes of reperfusion was not 
impaired except in endocardial regions of the isch- 
emic zone in three of the four animals with 6 hours of 
occlusion. In fact, regional flow to ischemic myocar- 
dium after 15 minutes of reperfusion in dogs under- 
going 2 hours of coronary occlusion was greater than 
flow to normal myocardium because of the presence 
of reactive hyperemia in the region. We cannot, of 
course, exclude the possibility that longer periods of 
reperfusion might be more effective in reversing al- 
tered binding of the glycoside. 

Taken together, these experiments indicate that 
when coronary blood flow is restored to areas of myo- 
cardium rendered acutely ischemic for more than 1 
hour, myocardial tissue in the ischemic zone shows 
progressive diminution in binding of digoxin. These 
results are consistent with ischemia-induced struc- 
tural or functional alteration in myocardial digitalis 
binding sites that may be secondary to loss of the in- 
tegrity of myocardial membrane (Nat + K*)-adeno- 
sine triphosphatase, a putative digitalis receptor. 
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The echocardiographic features of tetralogy of Fallot were defined in 
25 patients with this malformation proved by cardiac catheterization. 
The echocardiographic characteristic that was present in all patients 
and that was most sensitive was the abrupt ending of the interventricu- 
lar septal echoes with the aorta overriding the ventricular septal de- 
fect. The following additional echocardiographic features were fre- 
quently demonstrated in these 25 patients: right ventricular enlarge- 
ment (20 patients), hypertrophy of the interventricular septum (20 pa- 
tients), diminution of the right ventricular outflow tract (21 patients) 
and widening of the aorta (24 patients). The suggestion is made that 
the most specific echocardiographic pattern of tetralogy of Fallot is the 
finding of several echocardiographic abnormalities rather than the sin- 
gle feature of aortic overriding. Recognition of the altered anatomic 
relation coupled with a complete echocardiographic evaluation of all 
cardiac structures is a reliable means of diagnosing tetralogy of Fallot. 


The early use of echocardiography was primarily concerned with the 
evaluation of acquired heart disease. Improvements in echocardio- 
graphic technique and equipment and an enhanced knowledge of 
echocardiographic anatomic features have led to a wider application 
of this procedure in recent years. In the field of congenital heart dis- 
ease, echocardiography was first demonstrated to have diagnostic re- 
liability in patients with an atrial septal defect.^? Subsequently, 
there have been reports suggesting echocardiographic changes in pa- 
tients with ventricular septal defect,’ single ventricle,?4 double outlet 
right ventricle,* hypoplastic left heart syndrome,*® hypoplastic right 
heart syndrome,*^ truncus arteriosus,?^8 dextrotransposition of the 
great vessels?" and tetralogy of Fallot.?599 To date, however, the 
sensitivity and the specificity of these findings have not been ade- 
quately evaluated in large numbers of patients with each condition. 
The purpose of this study was to determine whether there is a pat- 
tern of echocardiographic features characteristic of tetralogy of Fal- 
lot. 


Methods 


Echocardiographic evaluation was performed in 25 patients with tetralogy 
of Fallot proved by cardiac catheterization at either Grady Memorial Hospi- 
tal or Emory University Hospital. The patients ranged in age from 3 months 
to 42 years; 10 were female. The majority of the echocardiograms were ob- 
tained during the patients' hospitalization for cardiac catheterization; how- 
ever, a few patients who had undergone cardiac catheterization prior to this 
study and who had not been operated on were recalled for echocardiography. 

Recordings: Echocardiograms were obtained using a Unirad C-100 series 
diagnostic echoscope system and either a 2.25 megahertz transducer or a 3.5 
megahertz transducer with an acoustic lens collimating the sonic beam for a 
tissue depth of 7.5 cm. The echocardiograms were recorded on either Polar- 
oid photographs of the oscilloscope or on strip chart film. The patients were 


FIGURE 1. Schematic representation of a scan- 
ning recording with the transducer beam rotated 
from a point just distal to the mitral valve ceph- 
alad and medial to the aortic valve area. The 
various measurements made in each patient 
are indicated by the numbered dimensions. 1 = 
right ventricular dimension (RV). 2 = left ven- 
tricular internal dimension (LVID). 3 = right ven- 
tricular outflow tract (RVOT). 4 = aortic root di- 
mension. 5 = left atrium (LA). ALMV = anterior 
leaflet of mitral valve; IVS = interventricular 
septum; PLMV = posterior leaflet of mitral 
valve. (See text.) 


studied in the left lateral decubitus position with the trans- 
ducer placed along the left sternal border. The transducer 
was positioned in the interspace that allowed optimal re- 
cordings of both leaflets of the mitral valve with the echo- 
cardiographic beam directed perpendicularly to the chest 
wall. This mitral position was used as the pivotal point for 
all subsequent recordings. From this position the transduc- 
er was angulated laterally and slightly inferiorly to obtain 
the right ventricular, interventricular septal and left ven- 
tricular dimensions. A “scanning” M-mode recording was 
made while the transducer beam was rotated from the mi- 
tral position in a slightly medial and cephalad direction to 
the aortic valve area. The scanning recording was made to 
determine if the normal relation between contiguous struc- 
tures was maintained. Finally, with the transducer beam 
directed in a medial and cephalad direction, a recording 
was made for measurement of the right ventricular outflow 
tract and aortic and left atrial dimensions. 

Measurements: Figure 1 is a schematic representation 
of an echocardiogram demonstrating the series of measure- 
ments made in each patient. The right ventricular dimen- 
sion was the distance in millimeters from the right ventric- 
ular epicardial echo (or, if this was indistinct, from a plane 
0.5 cm below the dense chest wall echoes) to the most ante- 
rior of the interventricular septal echoes. The left ventricu- 
lar internal dimension was the distance measured from the 
most posterior interventricular septal echoes to the endo- 
cardial position of the left ventricular wall echoes.! These 
measurements were made in tracings recorded at a level 
immediately below the mitral valve leaflets and at the time 
of the peak R wave of a simultaneously recorded electrocar- 
diogram. The right ventricular outflow tract, which is the 
relatively echo-free space anterior to the anterior aortic 
wall, was measured from the dense chest wall echoes to the 
most anterior echoes from the aortic root. The right ven- 
tricular outflow tract, aorta and left atrium were all mea- 
sured at the level at which the aortic cusps could be visual- 
ized. 

Control subjects: In addition to the 25 patients who 
constitute the basis of this report, 53 control subjects un- 
derwent similar measurements. These were 4 patients with 
truncus arteriosus, 4 patients with double outlet right ven- 
tricle and 45 normal subjects with no clinical or echocardi- 
ographic evidence of disease. The normal subjects were 
classified into the following groups: 10 children aged 2 days 
to 6 months (average 1 1/2 months) with a body surface 
area of less than 0.55 m?, 10 children aged 3 to 12 years (av- 
erage 5 years) with a body surface area of 0.55 to 1.0 m? and 
25 adults aged 18 to 35 years (average 26 years). 
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Results 


Tables I and II summarize the data from the 25 pa- - 
tients with tetralogy of Fallot. Table III lists the - 
mean and range of values for our patients along with © 
the normal range for those echocardiographic mea- 
surements that are distorted in patients with tetralo- 
gy of Fallot. In each of these tables the patients are — 
classified into Groups A, B and C on the basis of 
body surface area. These particular groupings were 
used not because there were significant differences in 
our results among the three groups of patients stud- - 
ied but because previously defined normal dimen- 
sions were arranged according to these values for 
body surface area. | 

The five characteristic echocardiographic features — 
of tetralogy of Fallot were found to be: (1) an in- 
creased right ventricular diameter, (2) thickening of- 
the interventricular septum, (3) narrowing of the 
right ventricular outflow tract, (4) increased aortic 
root diameter and (5) overriding of the aorta (Fig. 2 
and 3). | 

Right ventricular dimension: This dimension 
was increased in 20 of the 25 patients and the en- 
largement was much more impressive in adults than - 
in children. To obtain a more accurate reflection of 
the relative degree of right ventricular enlargement 
in these patients, we calculated the ratio of right ven- 
tricular dimension to the left ventricular internal di- 
ameter (Table IT). All 25 patients demonstrated a sig- 
nificant increase in this ratio, which has been re- 
ported to be approximately 0.33! and was found to be - 
0.33 or less in each of our normal groups. The thick- - 
ness of the anterior free wall of the right ventricle 
could not be satisfactorily recorded in most cases; 
however, the interventricular septum was abnormally - 
thickened in 20 of the 25 patients. x 

Right ventricular outflow tract: In contrast to 
the enlargement of the main right ventricular cham- 
ber, the width of the right ventricular outflow tract 
was decreased in 21 of the 25 patients. This decrease 
was well reflected by the significant reduction in the - 
ratio of the diameter of the right ventricular outflow - 
tract to the left atrial anteroposterior diameter. | E 

Previous data? had indicated that in adults this — 
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ratio is normally 1.5 or greater. Our series of normal 


subjects suggests that this ratio is 1.2 or greater for 
children with a body surface area of less than 0.55 m? 
and 0.9 or greater for children with a body surface 
area of 0.55 to 1.0 m?. 
= Aortic root diameter: As expected, the aortic root 
was enlarged in all but 1 of the 25 patients (Case 24, 1 
of the 5 adults). In contrast to the right ventricular 
enlargement, the aortic root enlargement appeared to 
become less striking with age. 

Aortic overriding: The most impressive and the 
most characteristic echocardiographic feature in our 
cases of tetralogy of Fallot was aortic overriding (last 

column, Table I). In all 25 patients the interventricu- 
lar septal echoes ended abruptly rather than blend- 
ing in a normal fashion without interruption into the 
anterior aortic wall echoes. Thus, the anterior aortic 
wall echoes were located abnormally, in a plane ante- 
rior to the interventricular septal echoes, with the 
aorta overriding the echocardiographically defined 
ventricular septal defect. 


` 
1 


| TABLE I 


Echocardiographic Measurements in 25 Patients with Tetralogy of Fallot 





FIGURE 2. Schematic representation of cardiac anatomy in tetralo- 
gy of Fallot. As the transducer beam is directed along vector 1, 
echoes from the anterior right ventricular wall, interventricular sep- 
tum, anterior and posterior leaflets of the mitral valve and posterior 
left ventricular wall are recorded. When the transducer is then rotat- 
ed and the beam directed along vector 2, echoes from the anterior 
and posterior walls of the overriding aortic root and from the posteri- 
or left atrial wall are recorded. AO = aortic root; LA = left atrium; 
LV = left ventricle; RV = right ventricle. 











Aortic 
. Age (yr) LVID RVD IVS Aorta Overriding 
— Case no. & Sex BSA* (mm) (mm) (mm) (mm) (mm) 
Group A (BSA «0.55m?) 
1 3/12F 0.27 22 15 8 17 8 
2 6/12F 0.31 22 14 7 21 10 
3 16/12M 0.51 25 23 7 22 21 
4 ZF 0.51 20 23 7 23 20 
5 2M 0.54 27 15 7 24 9 
6 2M 0.51 28 16 7 23 15 
7 2M 0.50 23 17 8 NM NM 
8 JF 0.54 26 15 9 25 14 
-Normal 
range? 13—32 3—13 4—6 7—15 0 








9 4F 0.55 27 17 10 27 13 
10 4F 0.58 30 30 7 30 15 
11 4F 0.60 NM 16 6 30 20 
12 4M 0.61 26 20 8 27 14 
13 4M 0.62 34 16 10 30 16 
14 5F 0.57 24 15 7 25 10 
15 5F 0.62 32 12 7 26 6 
16 6M 0.74 37 21 8 25 15 
17 6F 0.76 31 19 7 27 17 
18 6M 0.73 30 19 8 28 12 
19 10F 0.80 35 30 11 33 23 
..20 10M 0.82 30 15 10 30 11 
Normal 
—. range? 24—42 4—18 5—7 14—22 0 
Group C (BSA »1.0 m?) 
pig. 27F 1.28 361 201 12 407 15 
tap 30F 1.50 221 24+ 14 237 23 
23 30M 1.65 197 247 12 231 20 
24 42M 1.74 20t 177 15 221 25 
dd is) 30M 1.80 24+ 351 14 257 23 
Normal 
range? 19—23* 5—12* 7—11 13—22* 0 





* From formula of Dubois and Dubois?? 
t Per square meter body surface area. 


BSA = body surface area; IVS = interventricular septum; LVID = left ventricular internal dimension; NM = not measurable because one of the 
structures necessary for the measurement was not seen in the echocardiogram; RVD - right ventricular dimension. 
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FIGURE 3. Case 22. Echocardiographic arc scan recording. The sweep begins with the transducer beam directed across the right ventricle, in- 
terventricular septum and left ventricle at the level of the chordae tendineae of the mitral valve. As the recording is made the transducer is grad- 
ually angulated in a cephalad and medial direction, first recording the motion of the mitral valve leaflets, and subsequently echoes from the right 
ventricular outflow tract, aorta and left atrium. AAVL = anterior aortic valve leaflet; AAW = anterior aortic wall; ARVW = anterior right ventricu- 
lar wall; Endo = endocardium; Epi =epicardium; IVS = interventricular septum; LA = left atrium; LVID = left ventricular internal dimension; PAW 
= posterior aortic wall; Peri = pericardium; RV = right ventricle; RVOT = right ventricular outflow tract. 


TABLE II 


Echocardiographic Ratios and Catheterization Measurements in 
25 Patients with Tetralogy of Fallot 


Echocardiographic 


Data Catheterization 
Data 

Case Age (yr) RVD/LVID RVOT/LA RVP/ 

no. & Sex (diameter) (width) % O, Sat. LVP* 
1 1/4F 0.68 1.00 88 1 
2 1/2F 0.59 1.00 92 1 
3 1 1/2M 0.92 0.92 94 1 
4 2F 1.15 0.80 50 <1 
5 2M 0.55 0.72 91 1 
6 2M 0.57 0.80 90 <1 
7 2M 0.73 NM 92 1 
8 3F 0.57 0.73 84 <1 
9 4F 0.62 0.70 83 1 
10 4F 1.0 1.00 92 1 
11 4M NM 0.55 75 >1 
12 4M 0.76 0.93 80 1 
13 4M 0.47 0.68 83 1 
14 5F 0.63 0.75 86 21 
15 5F 0.37 1.00 93 1 
16 6M 0.56 0.93 75 1 
17 6F 0.61 0.71 87 1 
18 6M 0.63 0.63 85 21 
19 10F 0.85 0.65 90 21 
20 10M 0.50 0.85 90 1 
21 27F 0.55 0.66 78 1 
22 30F 1.09 0.75 57 >1 

23 30M 1.23 0.95 NA NA 
24 42M 0.85 0.85 80 <1 
25 30M 1.45 1.00 85 1 


* A difference of 10 mm Hg or greater in right and left ventricular 
peak systolic pressure was considered significant. 

NA = catheterization data not available; O, Sat = systemic arterial 
oxygen saturation; RVD/LVID = ratio of right ventricular dimension 
to left ventricular internal dimension; RVOT/LA = ratio of right ven- 
tricular outflow tract to anteroposterior left atrium; RVP/LVP = 
ratio of peak right ventricular systolic pressure to peak left ventri- 
cular systolic pressure. 


TABLE Ill 


Comparative Echocardiographic Data of Patients with 
Tetralogy of Fallot and Normal Subjects 


Group A Group B Group C 
(BSA 40.55) (BSA 0.55—1.0) (BSA »1.0) 


RV diameter (mm) 


Mean 17.3 19.2 24.0 

Range 14—23 12—30 17—35 

Normal range 3—13 4—18 4—13* 
IVS width (mm) 

Mean 7.5 8.3 13.4 

Range 7—9 6—11 12—15 

Normal range 4—6 5—7 7—11 
RVOT/LA 

Mean 0.85 0.78 0.84 

Range 0.70—1.0 0.55-1.0 0.66-1.0 

Normal range 1.21 0.9f 21.5* 
AoR diameter (mm) 

Mean 22.1 28.2 26.6 

Range 17-25 25—33 22—40 

Normal range 7—15 14—22 13—22* 
Ao overriding (mm) 

Mean 13.9 14.3 21.2 

Range 8—12 6—23 15—25 


* Per square meter body surface area (all other values are absolute). 

T Personal observations. 

Ao = aortic; AoR = aortic root; BSA = body surface area (m?); IVS 
= interventricular septum; RV = right ventricular; RVOT/LA = ratio 
of diameter of right ventricular outflow tract to left atrial an- 
teroposterior diameter. 


Discussion 


Normal subjects: In normal patients, the ratio of 
the echocardiographic right ventricular dimension to 
left ventricular diameter is no greater than 0.33, and 
the ratio of the diameter of the right ventricular out- 
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FIGURE 4. Normal cardiac anatomy, schematically presented (A) and as manifested in the echocardiogram of a normal subject (B). As the 

transducer beam is directed along vector 1 as demonstrated in A, the echoes received and recorded are those displayed under area 1 of B. The 

. Structures outlined with the transducer at this angulation include the right ventricle, interventricular septum, the left ventricle, the anterior and 

- posterior leaflets of the mitral valve. The transducer is then rotated in a slightly cephalad and medial direction until the echo beam is directed 

along vector 2. With the beam assuming this direction the following structures (as demonstrated in area 2 of B) are delineated: anterior aortic 
wall, aortic valve leaflets, posterior aortic wall and left atrium. AAW = anterior aortic wall; ALMV = anterior leaflet of mitral valve; AVL = aortic 
valve leaflet, ECG = electrocardiogram; IVS = interventricular septum; LA = left atrium; LVID = left ventricular internal dimension; PAW = pos- 
terior aortic wall; PLMV = posterior leaflet of mitral valve; RV = right ventricle. 


- flow tract to that of the left atrium is 1.5 or greater. 
In addition, a scanning echocardiographic recording 
demonstrates both the normal continuity of the in- 
_terventricular septum with the anterior aortic wall 
and the normal continuity of the anterior leaflet of 
the mitral valve with the posterior aortic wall (Fig. 4). 
. Tetralogy of Fallot: In this lesion there are two 
major alterations in the echocardiographic features of 
the right ventricle. First, there is enlargement in the 
right ventricular chamber size, which is well reflected 
by an increased ratio of right ventricular dimension 
to left ventricular internal dimension. Second, there 
is a narrowing of the right ventricular outflow tract, 
as evidenced by a reduction of the ratio of the right 
ventricular outflow tract to the left atrium. This nar- 
rowing presumably reflects the infundibular stenosis 
seen in most, if not all, patients with tetralogy of Fal- 
lot. In addition, the interventricular septum was ab- 
normally thickened in all but four patients. Both this 
change and the increase in the right ventricular di- 
-ameter were most impressive in the adults. Although 
it has been previously suggested that the interven- 
tricular septum was primarily a left ventricular struc- 
ture, subsequent studies have demonstrated that the 
septum may hypertrophy in cases of pulmonary hy- 
 pertension and pulmonary stenosis.!? Our study doc- 
uments the thickening of the interventricular septum 
in association with the increased right ventricular 
pressure in tetralogy of Fallot. It also suggests that at 
least part of the increase in right ventricular dimen- 
sion represents true hypertrophy of the free wall of 
the right ventricle, although this is difficult to deter- 
mine echocardiographically. The motion of the hy- 
pertrophied interventricular septum was normal in 


all our cases. Others??!! have found this motion to 
be normal in most instances of pressure overload of 
the right ventricle though not in patients with vol- 
ume overload of the right ventricle. 

The most sensitive and characteristic echocardi- 
ographic feature in patients with tetralogy of Fallot is 
an abrupt ending of the interventricular septal 
echoes with the aorta sitting astride the septal defect. 
The finding was first described by Gramiak and 
Shah!” in 1971 and has subsequently been demon- 
strated in other studies.?59? Although this echocar- 
diographic feature of tetralogy of Fallot distinctly 
separates these patients from normal subjects, it may 
also be present in patients with other forms of cya- 
notic heart disease. Thus, our four patients with 
truncus arteriosus revealed aortic overriding of a high 
interventricular septal defect,??9 and our one patient 
with Taussig-Bing complex with biventricular origin 
of the pulmonary artery demonstrated overriding of 
the septum by a great vessel.!? 

Differentiation from truncus arteriosus: Trun- 
cus arteriosus is the lesion most difficult to differen- 
tiate with certainty from tetralogy of Fallot by echo- 
cardiography since patients with it may demonstrate 
all five echocardiographic features of tetralogy of Fal- 
lot. However, if the presence of the pulmonary valve 
can be demonstrated together with these features, 
the diagnosis of tetralogy of Fallot can be estab- 
lished. In our patients with tetralogy of Fallot in 
whom a search was made for the pulmonary valve, 
echoes from this structure were routinely recorded. 
Nevertheless, the number of patients examined is too 
small for us to state categorically that failure to re- 
cord pulmonary valve echoes reliably distinguishes 


truncus arteriosus from tetralogy of Fallot. An addi- 

tional feature that we have noted to favor the diagno- 
sis of truncus arteriosus is massive aortic root dilata- 
tion. All four of our patients with truncus arteriosus 
demonstrated an aortic root diameter of 40 mm or 
more whereas that of the largest aortic root found in 
a patient with tetralogy of Fallot of a comparable age 
group has been 25 mm. 

Differentiation from Taussig-Bing complex: 
Our one case of Taussig-Bing complex was differen- 
tiated from tetralogy of Fallot by echocardiography 
on the basis of a normal right ventricular diameter 
plus mitral-semilunar valve discontinuity. Although 
Gramiak et al.!^ reported that the anterior leaflet of 
the mitral valve and the posterior aortic root wall 
were normally at the same depth in the echocatdio- 
gram, our study suggests that these structures are not 
always at exactly the same depth. In 25 patients with 
no clinical evidence of heart disease and with a nor- 
mal left ventricular diameter by echocardiogram, the 
difference in depth of the anterior leaflet of the mi- 
tral valve and the posterior aortic root wall at the be- 
ginning of ventricular systole ranged from 0 to 8 mm. 
In 11 patients the depth of these two structures was 
identical; in 2 patients the depth of the structures 
varied by 1 mm, in 2 by 2 mm, in 6 by 3 mm, in 2 by 5 
mm and in 2 by 8 mm. This finding partly represents 
an echocardiographic distortion due to the alignment 
of the transducer beam and the structures in ques- 
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tion; nevertheless, arc scanning recordings from mul- - 
tiple positions frequently demonstrated these struc- | 


tures to be at slightly different levels. Consequently, 


we have required a difference of more than 10 mm in ~ 
levels of the anterior leaflet of the mitral valve and — 
the posterior aortic wall for the definite diagnosis of - 
mitral-semilunar valve discontinuity. In our four 
cases with mitral-semilunar valve discontinuity and . 
in four of five patients in the study of Chesler et al.!? . 
the difference in levels is more than 10 mm. Recently, - 


Chung et al? indicated that 7 of their 17 patients — 


with tetralogy of Fallot had a difference of 5 to 22 


mm in level of anterior leaflet of the mitral valve and | 


De AP 


POE en 


the posterior aortic root wall. By our range of normal . 
variation, at least some of their patients would have — 
echocardiographic confirmation of the expected ana- — 


tomic arrangement. 


Differentiation from dextrotransposition of 
the great vessels: The other major form of cyanotic - 
heart disease requiring separation from tetralogy of — 
Fallot is dextrotransposition of the great vessels. The — 
expected distinguishing echocardiographic feature — 
would be the aortic overriding. As others have pre- — 


viously demonstrated echocardiographically, 
aorta in cases of dextrotransposition lies immediately 
below the chest wall echoes and anterior to the pul- 


the . 


monary artery.” ?/7 In cases of transposition neither of d 
the origins of the great vessels should be astride the | 


interventricular septal echoes. 
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In three patients with congenital heart disease the site of atrioventricu- 
lar (A-V) block was localized within the His bundle with the aid of His 
bundle electrograms. In one patient with first degree A-V block and 
normal QRS configuration, electrophysiologic studies revealed *'split'' 
His potentials. The other two patients had complete A-V block, and 
their His bundle electrograms revealed His spikes both proximal and 
distal to the site of block. One of the two patients, who had a pattern of 
left bundle branch block in the electrocardiogram, had surgically in- 
duced complete A-V block after repair of an ostium primum atrial sep- 
tal defect. The other patient with congenital A-V block had a narrow 
QRS complex and, in addition to complete block within the His bundle, 
prolonged A-V nodal conduction time but no associated cardiac anom- 
aly. Both patients with complete heart block required pacemaker in- 
sertion. 

The natural history of intra-His bundle block is not known, and it is 
difficult to recommend appropriate therapy. More electrophysiologic 
studies are needed in patients with A-V block to determine the prog- 
nostic significance of such block or conduction delay in the His bundle. 


His bundle recordings have demonstrated!-? that the sites of delay or 
block along the specialized conducting tissues between the sino-atrial 
node and the ventricles may involve one or more of the following 
locations: the atria, atrioventricular (A-V) node, bundle of His, right 
or left bundle branch and the Purkinje network. The standard elec- 
trocardiogram sometimes fails to localize precisely the site of delay or 
block.!-? Block in the His bundle has no representation in the surface 
electrocardiogram but has been deduced by clinical electrocardiogra- 
phers.® Narula et al.? first documented block within the His bundle. 
They termed their findings “split” H potentials and suggested that 


one of these (Hi) was recorded proximal to and the other (Hə) distal 


to an area of block. Others?-*5-!? have reported similar observations 
(Table I). 

This report deals with three patients with delay or block within the 
His bundle documented by His bundle recordings. The report (1) 
presents the first documented instance of surgically induced block 
within the His bundle, (2) demonstrates the second instance of con- 
genital heart block within the His bundle with no associated cardiac 
anomaly, (3) documents two additional instances of congenital heart 
block occurring within the His bundle, and (4) tabulates the previous 
20 reported cases of intra-His bundle block. 


Methods 


His bundle electrograms were obtained in three children with congenital 
heart disease during the course of a prospective study of patients with con- 
duction disturbances. The His bundle electrograms were obtained using con- 
ventional techniques.!*-?° The patient and all electrical equipment were se- 
curely grounded. Bipolar and tripolar electrode catheters were used with in- 
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TABLE | 
Reported Cases of Block Within the His Bundle 
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ORS Complex 
Age (yr) Duration Associated H.ev. ^ 
Study Caseno.  &Sex Type of Block Configuration (sec) Cause Lesions (msec) 
Narula et al.?~4 1 84M Mobitz I (3:2) Normal 0.08 Lec. v x 40 
Narula et al.?* 2 sey Mobitz II (2:1) Normal 0.06 3% a 70 
Narula et al.?* 3 48F Complete Normal 0.08 E PL 40 
Rosen et al.? 4 70M 2:1 Normal "t ASHD ES 60 
Rosen et al.’°* 5 wt Mobitz Il aap Ys ASHD x SP. 
Rosen et al.!! 6 17F Complete Normal 0.06 Congenital None 35 
Rosen et al.'? 7 23M Complete RBBB 0.14 Penetrating VSD 40 
trauma - 
Schuilenburg 8 71F Mobitz Il Normal 0.09 ASHD inn 50 
~ & Durrer’ 
Schuilenburg 9 27M 211 RBBB 0.13 ASHD s 30 
& Durrer! : 
Schuilenburg 10 78M Complete Normal 0.09 ASHD Lenk 45 
& Durrer 
Schuilenburg 11 82M Complete RBBB 0.12 ASHD Ds 45 
& Durrer! ` 
Gupta el al.!^* 12 Mobitz Il | 
Gupta et al.!^* 13 ae Mobitz Il i 21 f. it. 222 
Gupta et al.'^ 14 74F Complete Normal 0.06 D = hee 40 
Gupta et al.'* 15 87M Complete Normal! 0.06 EC e 40 
Gupta et al.!5 16 85M Complete RBBB 0.11. zum. P 45 
Jacobson 17 81M Mobitz II LBBB 0.13 Catheter- AS 60 
& Scheinman'!* induced 
Jacobson 18 56M Mobitz II LBBB 0.17 Catheter- Sot 61 
& Scheinman'$ induced 
Bharati et al.!? 19 67M 1° A-V RBBB 0.12 Calcific and S 48 
degenerative 
Bharati et al.!? 20 85F Complete LBBB, te Calcific and ee 48 
RBBB degenerative 
Present report 21 2M 1° A-V Normal 0.08 Congenital DORV 34 
Present report 22 20F Complete LBBB 0.12 Surgical 1 ASD 35 
Present report 23 OF Complete Normal 0.08 Congenital None 45 


* Data obtained from abstract only rather than full paper. 


ASD = atrial septal defect; ASHD = arteriosclerotic heart disease; A-V = atrioventricular; DORV = double outlet PII ventricle; LBBB = 
bundle branch block; RBBB = right bundle branch block; VSD = ventricular septal defect. 


terelectrode distances of 1 or 10 mm, or both. All records 
were obtained on a multichannel oscilloscopic photograph- 
ic recorder (Electronics for Medicine DR-8) at paper 
speeds of 100 to 200 mm/sec with filter frequencies of 0.1 to 
200 hertz for electrocardiographic leads and 40 to 500 hertz 
for electrographic recording. 

Several potentials were recorded sequentially in the in- 
terval from the low right atrium to ventricle (LRA-V), but 
the potential after the low right atrial (LRA) deflection 
that was farthest from the ventricular electrogram was des- 
ignated the H potential. The potential between the H and 
V potentials is the right bundle (Rb) potential. The inter- 
val from the low right atrium to the His bundle potential 
(LRA-H) was measured from the onset of the low right 
atrial depolarization to the onset of the first rapid deflec- 
tion of the His bundle potential. The interval from the His 
bundle to the ventricle (H-V) was measured from the first 
rapid deflection of the His bundle potential to the earliest 
ventricular activity in either surface or intracardiac record- 
ings. The interval from the right bundle to the ventricle 
(Rb-V) was measured from the initial rapid deflection of 
the first potential after the His deflection to the earliest 
ventricular activity. When split His bundle potentials were 
recorded with intact A-V conduction, measurements were 
made of the LRA-H;, H;-H» and Hə-V intervals. When 
. complete block occurred between H; and Hə, only the 
LRA-H, and H»-V intervals were measured. All intervals 
were measured in milliseconds. The normal values for in- 


left 


tervals from our laboratories?? are as follows: LRA-H inter- 
val 60 to 129 msec, H-V interval 30 to 55 msec, Rb-V inter- } 
val 15 to 25 msec. | 


Clinical Cases and Results 


Case 1: The patient was a 2 year old boy with the diag- — 
nosis of double outlet right ventricle, infundibular pulmo- - 
nary stenosis and persistent left superior vena cava drain- - 
ing into the coronary sinus. The electrocardiogram demon- — 
strated sinus rhythm at a rate of 100/min with a prolonged - 
P-R interval of 0.20 second (Fig. 1). First degree A-V block © 
was evident in the initial electrocardiogram obtained at age - 
2 months. The QRS complexes were narrow and 0.08 sec- - 
ond in duration. Right axis deviation and right ventricular | 
hypertrophy were evident. 


His bundle electrograms were recorded during 
right heart catheterization. With the tripolar catheter © 
positioned at the tricuspid valve, two high frequency 
electrograms were recorded between the atrial and 
ventricular electrograms (Fig. 2), possibly repre- 
senting "split" H potentials as defined by Narula et - 
al.? Each atrial depolarization was followed by a bi- — 
phasic proximal His bundle potential (Hı) at an 
LRA-H, interval of 76 seconds. The H;—Hg interval 
measured 49 msec and the H»s-V interval 34 msec. In 
addition, every ventricular depolarization was pre- 
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- branch (Rb) potential at an Rb-V interval of 16 msec. 
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. Case 2: The patient was a 20 year old woman with a his- 
M Poele of. syncopal attacks of 2 weeks' duration and a pulse 
. rate of 34/min. She had surgically induced complete heart 
E — block of 13 years' duration with repair of an ostium pri- 

| mum atrial septal defect at age 6 years. The electrocardio- 

gram (Fig. 3) revealed a complete A-V block with an atrial 
- rate of 62 and a ventricular rate of 34/min. There was a left 
E geared branch block configuration with a QRS duration of 
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FIGURE 1. Case 1. Electrocardiogram reveals  : 
sinus rhythm, first degree A-V block, right axis — 
deviation and right ventricular hypertrophy. The 
QRS complex is narrow and measures 0.08 — 
second. ES 


V3 


0.12 second. The ventricular escape focus may have origi- 
nated in the right bundle branch system, producing the left 
bundle branch block configuration. AN 


Recording of the His bundle electrogram showed 
that every atrial depolarization was followed 100 
msec later by a His potential (Hı) and that every es- 
cape ventricular complex was preceded by 35 msec by _ 
a second His potential (Hz) (Fig. 4). In addition, a 
second smaller deflection (Rb) preceded the ventric- - 
ular complex between Ho and V at an Rb-V interval | 


FIGURE 2. Case 1. Representative strip of His 
bundle electrogram (HBE). From top to bottom: 
electrocardiographic lead !l, and His bundle 
electrograms with respective interelectrode dis- 
tances of 10 and 1 mm. Paper speed is 200 
mm/sec, time lines are at 1,000 msec intervals. 
Sinus rhythm is evident at a cycle length of 600 Y 
msec. Each atrial beat is followed 76 msec 
later by a His potential (H1). This potential is fol- i 
lowed at 49 msec later by a second potential - 
(H2) that precedes a ventricular Votes with a | 
constant interval of 34 msec. The right bundle 

branch potential (Rb) recorded simultaneously - 
precedes the QRS complex at an Rb-V interval 
of 16 msec. HBE = His bundle electrocardio- - 
grams. LRA = low right atrium. 
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FIGURE 3. Case 2. Electrocardiogram reveals complete A-V block. 
. The escape rhythm is characterized by a left bundle branch block 
pattern with a QRS duration of 0.12 second. 


— of 20 msec. Atrial pacing had no effect on the ventric- 
-~ ular rate. Intravenous administration of 0.5 mg of at- 


ce ropine sulfate increased the atrial rate from 61 to 
... 100/min and the ventricular rate from 41 to 50/min. 
_ A permanent pacemaker was later inserted. 


Case 3: The patient was a 9 year old girl with congenital 
complete heart block first noted at age 8 months. The elec- 
trocardiogram revealed complete A-V block with an atrial 
rate of 100 and a ventricular rate of 32/min. The QRS com- 


~ plex had a normal configuration and a duration of 0.08 sec- 

_ ond (Fig. 5). With exercise, the atrial rate increased to 150 
and the ventricular rate to 50/min. Hemodynamic and an- 
- giographic studies of the right and left sides of the heart re- 


vealed no abnormalities. There were no signs suggesting 
corrected transposition of the great vessels. 
— His bundle electrograms revealed that every atrial depo- 


larization was followed 220 msec later by a His bundle po- 
= tential (Hı) and that every ventricular escape complex was 
_ preceded by 45 msec by a second deflection (Fig. 6). In ad- 
-= dition, a third deflection (Rb) preceded the ventricular 


complex at an Rb-V interval of 19 msec. 
Right atrial pacing was carried out at rates of 120 to 


.190/min. As the atrial rate was increased, the LRA-H, in- 


terval was prolonged with 1:1 conduction being maintained 
to Hı up to a paced rate of 190/min. Intravenous adminis- 


_ tration of atropine sulfate (0.3 mg) increased the atrial rate 
from 100 to 139/min and the ventricular rate from 32 to 


| -50/min. A permanent pacemaker was inserted, primarily 


#6 ated that our patients had His bundle disease, with 
Hi, being recorded proximal to and Hp distal to an 
: area of conduction oriana in the His pande. In Case E 


because of the patient's slow heart rate, premature ventric- 
ular contractions and poor exercise response. 


Discussion 
e a Electrophysiologic studies sug- 
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FIGURE 4. Sash 2. Electrocardiographic lead Il and ! representative 
strips (A and B) from the His bundle electrogram. Complete AN 
block is evident with an atrial rate of 62 and a ventricular rate of - 
41/min. Each low right atrial (LRA) potential in B is followed by a high - 
frequency potential (H1). Each QRS complex is preceded by a high - 
frequency potential (H5) recorded from the His bundle ca c Tiro Me: ras 
well as an Rb potential preceding the ventricular complex. Time 
are at 1 second intervals; paper speed is 200 mm/sec. 
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. if one accepts Hı as a His bundle potential, then He 
is presumably a His bundle potential recorded distal 
to Hı or a right bundle branch electrogram. The 
catheter electrode was presumed to be in the usual 
- position for recording the His potential since both 
atrial and ventricular electrograms were identifiable 
at the same position in which the H; and Hə poten- 
tials were recorded. In addition, each QRS complex 
was preceded by another potential, probably a right 
bundle branch (Rb) potential occurring 18 msec after 
-Hə and 16 msec before the QRS complex. 

In Case 2, the pattern of splitting was somewhat 
— different from that of Case 1. The most likely expla- 
- nation is that a proximal His potential (Hı) followed 
every low right atrial deflection and was not conduct- 
ed to the ventricles. The distal H5 potential was seen 
preceding escape beats with a left bundle branch 
- block pattern. The Hə2-V interval was normal. The 
. subsidiary pacemaker probably arose in the bundle of 
- His just proximal to its bifurcation but distal to the 
focal block. The QRS configuration in the surface 
electrocardiogram of the resulting ventricular beats 
indicated an additional impairment of impulse con- 
duction to or in the left bundle branch. One might 
anticipate a prolonged H-V interval in the presence 
- of left bundle branch block. In keeping with this pos- 
sibility, the H» potential in this case may have origi- 
. nated from the proximal right bundle branch, in 
which case one could postulate surgical injury to the 


FIGURE 6. Case 3. Lead Il of the electrocardiogram 
and His bundle electrograms. Complete A-V block is 
evident with an atrial rate of 100 and a ventricular rate 
of 32/min. A, two bundle of His deflections (H4 and Ho) 
are recorded. The LRA-H, interval is prolonged. B, 
note the right bundle potential preceding the QRS com- 
plex recorded with the catheter advanced farther into 
the ventricle. 


distal bundle of His or to the most proximal portion 
of both main divisions, with a right bundle branch 
impulse origin. However, a normal H-V interval as in 
this case has been reported in the presence of left 
bundle branch block.?!-?? In addition, a right bundle 
branch (Rb) potential was recorded between the Hə 
and V potentials. It is sometimes not possible to rec- 
ord clear Hı, He and Rb potentials simultaneously, as 
in this case and those reported by Schuilenburg and 
Durrer.?*^ We did not succeed in localizing the site of 
origin of the Hə deflection by stimulating the heart 
by way of the His bundle recording electrodes be- 
cause the ventricles were always activated immedi- 
ately on stimulation. We believe that the His bundle 
lesion producing A-V block in this patient was relat- 
ed to surgical trauma. The likelihood of a traumatic 
lesion involving the proximal left bundle branch is 
obvious. This case is the first known instance in 
which His bundle recording identified the site of sur- 
gical A-V block within the bundle of His. 

Case 3 is unique in several aspects. It is the second 
reported case of congenital A-V block with no associ- 
ated anomaly in which intra-His bundle block was 
documented by His bundle electrogram (Table I). In 
addition, the findings represent an exception to the 
general rule relating the level of block to the configu- 
ration of the QRS complex. Each of the nonconduct- 
ed atrial impulses is followed by a His deflection. The 
complete block is not within the A-V node although 


the LRA-H, interval is prolonged. The QRS com- 
plexes are normal and are preceded by a single His 
deflection with a normal H»s-V interval. The findings 
are compatible with intra-His bundle block in which 
the pacemaker for the ventricles resides within the 
bundle of His but below the level of block. 

Diagnosis of intra-His bundle block: Block 
within the His bundle cannot be distinguished by 
surface electrocardiograms from block within the 
A-V node.!? In either instance, if the block is com- 
plete, the QRS configuration is of a supraventricular 
type, unless an associated bundle branch block is 
present. Functional properties of the escape 
rhythms may be of some value in determining their 
site of origin. It is possible that the association of the 
slow ventricular rate with a narrow QRS complex in- 
dicates block within the His bundle. Unlike patients 
with A-V nodal block, patients with intra-His bundle 
block have no or only a small increment in ventricu- 
lar rate after intravenous administration of atropine.” 
^13 This is possibly because of the lack of parasym- 
pathetic control of a more distal His bundle pace- 
maker. However, the ventricular rate increased 
slightly after atropine in our Cases 2 and 3 and in two 
patients with intra-His bundle block described by 
Gupta et al.!° The response of the subnodal A-V con- 
duction to cholinergic stimulation is still controver- 
sial and needs to be resolved. 

Two patterns of “splitting” are described in this 
report, one occurring with intact conduction (Case 1) 
and the other occurring with complete A-V block 
(Cases 2 and 3). In Cases 1 and 3 the splitting was 
presumably due to focal lesions in the His bundle. 
Pathologic correlation is not available but the pa- 
tients are presumed to have developmental disrup- 
tive lesions in the His bundle. 

Etiology: The origin of complete heart block in the 
His bundle has been attributed to traumatic causes,!? 
coronary occlusion,'? calcific and degenerative le- 
sions,'’ postsurgical status (Case 2) and congenital 
lesions (Cases 1 and 3).! Congenital A-V block 
maybe an isolated abnormality of the conduction sys- 
tem as in our Case 3 or may be associated with other 
congenital cardiac malformations. Pathologic find- 
ings noted in reviews of congenital A-V block by 
Lev?? and Carter et al.?9 include imperfect formation 
of, or lack of, the His bundle, and inflammatory or 
noninflammatory degeneration of the bundle, possi- 
bly resulting from an intrauterine inflammatory pro- 
cess. Carter et al.?6 reviewed the histologic features of 
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28 reported cases and provided an anatomic classifi- 
cation of congenital lesions of the cardiac conduction | 
system. 

Incidence: Intra-His bundle blocks have been de- 
scribed infrequently in English language reports. In. 
contrast, French investigators reported a 20 percent 
incidence rate of intra-His bundle lesions in patients 
after acute myocardial infarction.?7 Guerot et al.?? re- - 
ported that in 11 (18 percent) of 60 cases of chronic 
A-V block the site of block was localized within the . 
His bundle by His bundle electrograms. A similar in- 
cidence rate (19 percent) was reported by Puech et 
al. A 

Life history: Very little is known about the clini- 
cal evolution of lesions within the His bundle in man. 
El-Sherif et al.°° provided an experimental validation © 
of the pathophysiologic findings after ligation of the : 
anterior septal artery in dogs. They. demonstrated 
that the evolution of His bundle block is a progres- — 
sive phenomenon, and that Mobitz II block repre- 
sents the initial stage of failure of impulse propaga- 
tion in intra-His bundle lesions. The duration of 
block in our Cases 2 and 3 was 13 and 8 years, respec- 
tively. 

It has previously been shown?! that the site of 
block resides in the A-V node in patients with con- 
genital A-V block with narrow QRS complexes. In 
our Cases 1 and 3, as well as in a case of congenital 
A-V block described by Rosen et al.,!! the site of con- 
genital block was demonstrated to be within the His 
bundle by His bundle electrograms. In our Case 3, - 
the prolonged LRA-H; interval indicated an addi- . 
tional conduction abnormality in the A-V node. It is 
evident from the reported cases (Table I) that intra- 
His bundle conduction delay or block could simulate 
types I, IT, III and high degree A-V block. By surface | 
electrocardiogram the diagnosis of block within the . 
His bundle cannot be made with certainty particular- 
ly when mixed conduction lesions exist. Block within 
the His bundle is more common than reported and, 
furthermore, His bundle recording in children with . 
A-V block is of value to localize precisely the site of — 
delay or block. It is anticipated that this technique | 
may be of value in assessing the clinical evolution 
and pathophysiology of intra-His bundle lesions, 
their prognosis and the need for prophylactic pace- - 
maker therapy. ' 
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The clinical course of two patients with congenital heart block who had — 
pacemaker implantation at age 7 and 8 months, respectively, is re- 
viewed. One patient at age 10 years has had nine pulse generators in- - 
serted; the other has had six implantations, the most recent a lithium > 
iodine pacemaker, during 8 1/2 years of observation. Both patients - 
have shown normal physical development and emotional maturation é 
despite multiple hospitalizations and pacemaker replacements, thus | 

demonstrating that electrical pacing, initiated in infancy, can be main- - 

tained through childhood without adverse effects. & 
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Electrical pacing of the heart has been utilized over the past dundee 
for the management of symptomatic atrioventricular (A-V) block in - 
young infants.!-^ However, because experience has been limited and 
no published information is available as to long-term survival and 
follow-up, questions as to growth, development and psychological ad- 
justments have remained unanswered. | 
This communication reviews the clinical course of two children | 
with complete heart block who had pacemaker implantation at 7 a::d 
8 months of age, respectively. They have been under our care since 
birth, and their growth and developmental pattern for more than 8 
years of close follow-up study is presented. The original indication for - 
permanent pacing in Case 1 was intractable congestive heart failure — 
associated with a congenital cardiac malformation.’ The second pa- - 
tient required pacemaker implantation because of episodes of Stokes- 
Adams syncope with ventricular tachyarrhythmia.’ | 


Case Reports 


Case 1 j 5 


This 10 year old girl was born in September 1964 in a full-term spontane- 
ous delivery. Weight was 3,375 g and length 50 cm. She was the first of two - 
children born to a 17 year old Caucasian mother (height 160 cm) and 26 year 
old father of West Indian origin (height 168 cm). $ 

Bradycardia was noted in utero for 2 days before delivery. After birth, A-V 
conduction was variable and included periods of normal sinus rhythm and 
second degree A-V block. Complete heart block at a ventricular rate of 44/ - 
min became established at age 3 months. Cardiovascular study revealed con- 
genitally corrected transposition of the great vessels with a large ventricular - 
septal defect and pulmonary hypertension. Because of unremitting conges- 
tive heart failure, pulmonary arterial banding was performed at age 4 months 
and myocardial wires were inserted for cardiac pacing. The infant's heart was 
continuously paced for the next 3 months until it was clearly established that 
a minimal ventricular rate of 90/min was required to maintain cardiac com- - 
pensation and permit a satisfactory feeding pattern consistent with adequate | 
weight gain. An atrial synchronous pacemaker (Cordis Atricor Junior) was — 
implanted in the left side of the abdomen at age 7 months with transthoracic — 
insertion of atrial and ventricular epicardial leads (Fig. 1). 

During the ensuing 9 years, the child had nine hospital admissions for pac- 
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B FIGURE 1 (left). Patient 1 at age 7 months after initial implantation 
. of pacemaker (Cordis Atricor). Reprinted from Harris et al.5 by per- 
. mission of CV Mosby. 


FIGURE 3 (right). Patient 1 (right) at age 9 3/4 years with ninth 
. pulse generator (Medtronic Chardack) and Patient 2 (left) at age 8 
- years with fifth implanted pulse generator (Cordis Ventricor). 
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FIGURE 2. Growth curves of height and weight. Left, Case 1. From birth to 10 years with percentiles of 50th and 3rd levels plotted for girls. 
Right, Case 2. From birth to age 8 1/2 years with percentiles of 50th and 3rd levels plotted for boys. Ages at pacemaker replacement indicated 
by asterisk (*). Adapted from anthropometric charts, The Children's Medical Center, Boston, Mass.: Percentile charts for measurements of girls 
and boys (H Stuart and associates, Department of Maternal and Child Health, Boston, Mass.) reproduced by Mead Johnson Laboratories. 


ree 


Li 


. ing ion 3 EOR to 23 months sat (Fig. 2). The à 
. pulse generator required replacement eight times for bat- 


tery depletion. The first three units were atrial synchro- 
nous and the subsequent six were asynchronous with a 
. fixed ventricular rate. The third synchronous pulse genera- 
tor was replaced at age 3 1/2 years with a fixed rate ventric- 
ular model (No. 4, Cordis Ventricor) at a rate of 90/min. 
The pacing rate was lowered to 70 to 82/min with succes- 
sive replacements by a variety of fixed rate pulse genera- 
tors (No. 5 and 6, Ventricor; No. 7, Medtronic Chardack; 
No. 8, Biotronik; and No. 9, Medtronic Chardack). The last 
unit was implanted at age 9 years with a rate of 82/min 
- (Fig. 3). 

The clinical course after the pulmonary arterial banding 
and pacemaker implantation was excellent. The left to 
right shunt was limited and a minimal right to left shunt 
. developed with clinical findings simulating mild tetralogy 
- of Fallot. Surgical repair of the underlying malformation is 
contemplated within the next few years. 

Growth pattern: Measurements of weight and height 
(Fig. 2) indicate parallel growth curves at approximately 
the 3rd percentile during early childhood. By age 8 years, 
the curve for height rose toward the 10th percentile. These 
. data reflect a satisfactory growth pattern in this girl with 

significant congenital heart disease. 

Development: The child attends a regular 5th grade 
class at public school and is performing well. Unrestricted 
activity including bicycle riding and swimming has always 
been permitted. She appears emotionally undisturbed by 
pacemaker-dependency and the need for frequent opera- 
tive procedures. The family has not taken an overprotec- 
tive attitude toward this girl, a factor that seems to have 
had a positive effect on her psychological development. 


Case 2 


This 8 1/2 year old boy was born in May 1966 in a full- 
term spontaneous delivery. Weight was 2,720 g and length 
50 cm. His 26 year old mother has asthma and received an- 
tihistamine and bronchodilator therapy intermittently 
throughout pregnancy. The boy was the second of three 
children born to Hispanic parents (maternal height 145 cm, 
paternal height 153 cm). 

Bradycardia was noted for 7 weeks before delivery. At 
birth, the heart rate was 46 beats/min; examination was 
otherwise normal. The electrocardiogram indicated com- 
plete A-V block with a junctional pacemaker and rare ec- 
topic ventricular beats. An angiocardiogram on the 2nd day 
of life showed normal cardiac anatomy. The infant, fol- 
lowed up on an outpatient basis, had ventricular rates of 42 
and 52/min. Although weight gain was slow, he was asymp- 
tomatic until age 7 1/2 months. At that time otitis media 
and fever of 40?C developed, and he was hospitalized. 

On the day after admission he had three brief general- 
ized seizures. An electrocardiogram recorded during one of 
these episodes documented ventricular tachyarrhythmia. 
Because of these presumed Stokes-Adams attacks and elec- 
trocardiographic findings, an atrial synchronous pacemaker 
(Cordis Atricor) was implanted. He had a total of four hos- 
pitalizations for pacing dysfunction at intervals of 11 to 22 
months during the 7 1/2 years after the initial pacemaker 
implantation (Fig. 3). In each instance pacemaker failure 
was due to pulse generator depletion; three failures oc- 
curred with the atrial synchronous models and one with the 
. asynchronous fixed rate unit (Cordis Ventricor) which was 
first implanted at age 4 1/2 years. 

The patient was admitted in July 1974 after 23 months 
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of roptilat pacing UER IA with his fifth unit ae Cane 
dis Ventricor) for elective replacement with a lithium io- 
dine-powered generator (unipolar demand model no. 301 
UD, Cardiac Pacemakers Inc.). The rate was set at 82/min. 
Satisfactory pacing has continued, and the patient’s gener- 
al health has remained excellent. 

Growth pattern: Measurements of weight (Fig. 2) indi- 
cate steady growth at the 3rd percentile. Measurements of 
height show a descent below the 3rd percentile beginning at 
age 2 years, but continued growth at the same level until 
age 8 1/2 years. The stature of this child (Fig. 3) is propor- 
tional to that of his mother and not significantly different 
from that of his two siblings. | 

Development: This boy has always been observed to 
play vigorously. He attends a regular 3rd grade class with- 
out restrictions in activity. As in Case 1, the child seems to 
have an emotional affect appropriate for his age and does 
not appear to be preoccupied with the routine aurr oAg 
his pacemaker-dependency. | 


Discussion "TA “A 


Since 1964 only one other infant at our institution 
has had electrical pacing initiated for congenital A-V 
block. This patient, now nearly 2 years of age, re- 
quired pacemaker implantation at age 1 month. Nine 
children have undergone pacemaker insertion for 
postsurgical block; the follow-up period in this group, 
which includes eight survivors, ranges from 6 MORIS 
to 11 years. 

The longest interval between mandatory libs 
generator replacement in the two cases reported here 
was 23 months. In both children, generator failure al- 
ways preceded elective replacement until the most 
recent implantation of a lithium pacemaker in Case 
2. The girl (Case 1) at age 10 years has had nine elec- 
tronic pulse generators inserted and the boy (Case 2) 
at age 8 1/2 years has had six implants. The length 
and positioning of the coiled lead wires from the epi- 
cardium to the left lower quadrant of the abdomen 
remained adequate over the years of rapid growth. 
Neither patient has had infection as a complication 
of pacemaker implantation. We anticipate that as in- 
creased longevity and safety of newer pacemaker 
units (such as the lithium iodine and nuclear-pow- 
ered pulse generators) permit further clinical appli- 
cation in children, the problem of frequent hospitali- 
zations for pacemaker replacement will be obviated. 

Both children have shown steady weight gain sloni 
the curve of the 3rd percentile. The observation that 
the boy is short, being below the 3rd percentile for 
height at age 8 1/2 years, is in accord with parental 
stature and racial background. The girl, at age 10 
years, is at the 10th percentile for height, which is 
also consistent with parental habitus. 

Although our patients have appeared remarkably 
stable emotionally, potential anxiety and stress may 
be provoked as a result of the child’s awareness of the 
prosthesis protruding in the abdomen, his concerns 
about pacemaker failure and the need for multiple 
hospitalizations. It is primarily due to the excellence 
of maternal handling and attitude that these children 
have adapted so well to school activities and daily 
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life. Psychological support of the patients and their 
families by the attending staff is also an important 
aspect of comprehensive care of pacemaker-depen- 
dent children. 

Our two patients have demonstrated normal physi- 
cal growth and emotional development during the 8 
to 9 years after cardiac pacemaker implantation in 
infancy for complete heart block. Artificial pacing 
not only prevented potentially fatal cardiac compli- 


cations but also enabled these patients to enjoy a 
normal childhood. Numerous infants at many medi- - 
cal centers have undergone pacemaker implantations 
with the expectation that normal growth and devel- 
opment will ensue. It is encouraging to note from the 
cases documented here that, even when multiple sur- 
gical procedures are required, pacemaker therapy ini- 
tiated in infancy can be maintained in childhood 
without adverse effects. 
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. precision quality control... 
. «assured tablet content uniformity" 


2 predictable patient response... 
. eproven biologic availability" 


— Contraindications: There are no absolute contraindications to digitalis. However, in ventricular paroxysmal tachycardia or 
— — ventricular fibrillation, it should be used only in refractory cases not induced by digitalis intoxication and if heart failure 
|». . Ras developed. 
— — Precautions: |f the patient has been given digoxin during the previous week or any other less rapidly excreted drug of. 
"— the digitalis group during the previous two weeks, the dose of Lanoxin brand Digoxin must be reduced accordingly. - 
Because of impaired renal function and excretion in elderly patients, they frequently require lower than recommended P 
pod Potassium loss in patients sensitizes the heart to digitalis intoxication even with recommended doses. The diuretic _ 
A agents as well as electrolyte manipulations by the physician are major causes of potassium depletion in cardiac patients. 
— — Under these conditions, it may be necessary to reduce the usual dosages of Lanoxin brand Digoxin during digitalization 
and maintenance. A 
oN Digoxin is usually ineffective in cases of cardiac failure due to mechanical causes which are independent of e W: 
|. .. myocardial diseases, e.g., cardiac tamponade, or to disorders not primarily of cardiac origin, as severe anemia. Despite _ 
. .— a variable or poor response to digoxin in the presence of active rheumatic carditis, the development of cardiac failure 
— Is an indication for its use. | A T. 
. Effects of Overdosage and Treatment: The symptoms of overdosage with digoxin are quite similar to those.occurring 
— — with other digitalis preparations. The most common toxic manifestations are anorexia, nausea, vomiting and various ANU NA 
cardiac arrhythmias, including ventricular extrasystoles and paroxysmal supraventricular tachycardia or fibrillation with - 
; A-V block. In general, the gastrointestinal manifestations of toxicity with digoxin precede the cardiac arrhythmias P AERA EDA 
`= . occurring from overdosage. Furthermore, because of the rapid dissipation of digoxin, manifestations of toxicity are of short - 
; duration, usually lasting from a few hours to one or two days. ps Naas 
Kad if necessary, potassium chloride may be administered as an intravenous infusion containing (adult dosage)40 = 
»—  milliequivalents in 500 cc. of 5% dextrose in water, given over the course of 1 hour and repeated, if required, until-a total 
of 120 milliequivalents have been given (1 mEq. KCI — 74.5 mg.). Electrocardiographic monitoring should be conducted 
and the infusion halted immediately upon the appearance of peaking of the T-waves. For children, the intravenous 2. 
 ... infusion dosage of potassium chloride would be 5 to 10 milliequivalents in 100 cc. of 5% dextrose in water given over the 
course of 1 hour, repeated if required, to a total of 15 to 30 milliequivalents. For more serious intoxication with abnormal 
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— . cardiac rhythms, potassium chloride may be given orally in divided doses totalling 4 to 6 grams per day lee OF: in 

epe .1 to 2 grams (children) provided renal failure is not present. T Cd) 2 
Bays LANOXIN? digoxin TABLETS. 0.125 mg. (yellow) in bottles of 100 and 1,000. 0.25 mg. (white) scored, Re Eb e A 
me in bottles of 100, 500, 1,000 and 5,000; also Unit Dose Pack, ss of 10 tablets, 10 boxes of 100 tablets (1, 000). y uns 


es mg. zen) scored, in bottles of 100 and 1 ,000. 
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re getting a wealth of data from 
1 life tension situations. We 
signed the 445 small. It is smaller 
i lighter than the cassettes, but 
ll retains the quality and reli- 
lity of reel-to-reel recording. And 
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life in excess of 32 hours, and dis- 
posable electrodes . . . we're giving 
you an instrument of greater diag- 
nostic capacity, accuracy, and 


reliability. The 445 will put vou into 


the DCG business with the finest 
Dynamic Electrocardioaraphic 
system made. With our $6.€ 60 per 
month complete service contract, 
we want to keep you there. 


Avionics is the Biomedical Division 
of Del Mar Engineering Laboratories, 


1601 Alton Avenue at Red Hill, 
Irvine, Ca 92705 (714) 549-1500 
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If psychic tension 
interferes with 
the rehabilitation 
ofthe cardiac patient, 


heres how 
valium can help. 


(diazepam) 





During hospitalization, Valium (diazepam) 
can relieve psychic tension that can disrupt 
bed rest and interfere with the rehabilita- 
i| tion program. 
N j E . After the MI patient is stabilized, a certain 
4/119 £28 FA amount of psychic tension is to be expected. 
Your reassurance, Pind and enlistment of family support can often minimize its 
effects. However, in some instances, the patient's thoughts may dwell constantly on his 
. condition and how it will affect his life, thus producing excessive psychic tension that may 
present special problems. He may feel overwhelmed and be so burdened by these ten- 
sions that he is unable to rest and unable or unwilling to begin a program of rehabilitation. 
Under these circumstances, Valium? (diazepam) can often be a beneficial adjunct. 
Valium can calm the cardiac patient and help reduce his psychic tension to appropri- 
ate levels. Valium is used with most classes of primary medications such as cardiac glyco- 
sides, diuretics, vasodilators, anticoagulants, anticholinergics and antacids. Careful con- 
sideration should be given to the pharmacology of agents used with Valium, particularly - 
those which may potentiate its action. 





During convalescence at home, Valium 
(diazepam) can reduce excessive anxiety that 
may hinder participation in active rehabilitation. 


Your counseling and the family’s support do 
much to control the anxieties that may interfere 
with this stage of convalescence — a time when 
you may wish to encourage a gradual increase in 
activity. But in some patients, excessive anxiety 
may retard general progress. For them, Valium 
can be beneficial during the post-hospital tran- 
sition to full ambulation. And, because the con- 
valescent cardiac patient may be particularly prone to excessive tension and anxiety at 
bedtime, the addition of an A.s. dose of Valium to the b.1.d. or t.i.d. schedule can reduce 
these symptoms and thus may encourage sleep. Therapy with Valium should be discon- 
tinued when symptoms have been reduced to tolerable levels. 





What an informed cardiac patient should know about Valium therapy. 

The cardiac patient should know that he can generally expect Valium to help relax and 
calm him so that he won't feel so overwhelmed by his tension and anxiety. An explanation 
of the importance of the dosage regimen you prescribe may go a long way to ensure his 
cooperation. As with all CNS-acting agents, the patient taking Valium should be cau- 
tioned against driving or operating dangerous machinery. 


Valium, 


Guerra © 
2-mg, 5-mg, Io-mg tablets 
can relieve the cardiac patient’s 
undue psychic tension 


For a summary of product information, see the following page. 





2-mg, 5-mg, Io-mg tablets 


can relieve the cardiac patient’ 
undue psychic tension 


Prompt and Effective Response Valium acts promptly 


to help relieve psychic tension in the cardiac patient. 


Wide Mar gin of Safety At recommended dosages, oral 
Valium is generally well tolerated and does not significantly affect 
respiration, pulse or heart rate. 


Flexible Dosage Available as scored tablets, oral Valium 
allows dosage to be easily readjusted to suit patients’ changing needs. 


Predictable Pharmacokinetically Pharmacokinetic 
studies of Valium demonstrate a highly predictable pattern of absorp- 
tion, distribution, metabolism and excretion. 


Before prescribing, please consult com- 
plete product information, a summary of 
which follows: 


Indications: Tension and anxiety states; 
somatic complaints which are concomi- 
tants of emotional factors; psychoneurotic 
states manifested by tension, anxiety, ap- 
prehension, fatigue, depressive symptoms 
or agitation; symptomatic relief of acute 
agitation, tremor, delirium tremens and 
hallucinosis due to acute alcohol with- 
drawal; adjunctively in skeletal muscle 
spasm due to reflex spasm to local path- 
ology; spasticity caused by upper motor 
neuron disorders; athetosis; stiff-man 


. syndrome; convulsive disorders (not for 
sole therapy). 


- . Contraindicated: Known hypersensitivity 
_ to the drug. Children under 6 months of 


age. Acute narrow angle glaucoma; may 
be used in patients with open angle glau- 
coma who are receiving appropriate 
therapy. 


Warnings: Not of value in psychotic pa- 
tients. Caution against hazardous occupa- 


-tions requiring complete mental alertness. 


When used adjunctively in convulsive dis- 

orders, possibility of increase in frequency 
and/or severity of grand mal seizures may 
require increased dosage of standard anti- 
convulsant medication; abrupt withdrawal 


. may be associated with temporary increase 


in frequency and/ or severity of seizures. 


Advise against simultaneous ingestion of 
alcohol and other CNS depressants. With- 
drawal symptoms (similar to those with 
barbiturates and alcohol) have occurred 
following abrupt discontinuance (convul- 
sions, tremor, abdominal and muscle 
cramps, vomiting and sweating). Keep 
addiction-prone individuals under careful 
surveillance because of their predisposi- 
tion to habituation and dependence. In 
pregnancy, lactation or women of child- 
bearing age, weigh potential benefit against 
possible hazard. 

Precautions: If combined with other psy- 
chotropics or anticonvulsants, consider 
carefully pharmacology of agents em- 
ployed; drugs such as phenothiazines, 
narcotics, barbiturates, MAO inhibitors and 
other antidepressants may potentiate its 
action. Usual precautions indicated in pa- 
tients severely depressed, or with latent 
depression, or with suicidal tendencies. 
Observe usual precautions in impaired 
renal or hepatic function. Limit dosage to 
smallest effective amount in elderly and 
debilitated to preclude ataxia or overse- 
dation. 


Side Effects: Drowsiness, confusion, diplo- 
pia, hypotension, changes in libido, nausea, 
fatigue, depression, dysarthria, jaundice, 
skin rash, ataxia, constipation, headache, 
incontinence, changes in salivation, slurred 
speech, tremor, vertigo, urinary retention, 
blurred vision. Paradoxical reactions such 


as acute hyperexcited states, anxiety, hal- 
lucinations, increased muscle spasticity, 
insomnia, rage, sleep disturbances, stimu- 
lation have been reported; should these 
occur, discontinue drug. Isolated reports 
of neutropenia, jaundice; periodic blood 
counts and liver function tests advisable 
during long-term therapy. 


Dosage: Individualize for maximum bene- 
ficial effect. Adults: Tension, anxiety and | 
psychoneurotic states, 2 to 10 mg b.i.d. to 
q.i.d.; alcoholism, 10 mg t.i.d. or q.i.d. in 
first 24 hours, then 5 mg t.i.d. or q.i.d. as 
needed; adjunctively in skeletal muscle 
spasm, 2 to 10 mg t.i.d. or q.i.d.; adjunc- 
tively in convulsive disorders, 2 to 10 mg 
b.i.d. to q.i.d. Geriatric or debilitated pa- 
tients: 2 to 2¥2 mg, 1 or 2 times daily ini- 
tially, increasing as needed and tolerated. 
(See Precautions.) Children: 1 to 2% mg 
t.i.d. or q.i.d. initially, increasing as needed 
and tolerated (not for use under 6 months). 


Supplied: Valium (diazepam) Tablets, 

2 mg, 5 mg and 10 mg— bottles of 100 
and 500; Tel-E-Dose® packages of 100, 
available in trays of 4 reverse-numbered 
boxes of 25, and in boxes containing 10 — 
strips of 10; Prescription Paks of 50, avail- 
able singly and in trays of 10. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 


Collins Compact Contenders.... 


Collins Compact Treadmill- Collins Execu-Tread- 


"big" treadmill versatility a rugged "little" Treadmill 
at a compact price! for the office or clinic! 


Choice of speed range—0.5 to © è Variable speed range—0.5 to 5.0 
4.5 mph or 0.8 to 8.0 mph mph 
Electric lift for full 2596 elevation Optional electric lift to 20% 
Aluminum unitized construction elevation 
Heavy duty 2hp motor Steel frame and aluminum motor 
Low profile for easy access housing 
Heavy duty handrails thp D.C. motor 
16” x 44” useable walking Low profile for easy access 
belt area Handrails for easy mounting 
"All Electric" controls 14" x 41” useable walking belt 
Optional handrail function area 
controls e "All Electric" controls 
Optional Programmer available e Optional full length handrails 
Optional Breathing Valve 
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THE 
AMERICAN JOURNAL 
OF CARDIOLOGY 


YEAR 


CUMULATIVE 
INDEXE 


Covers all material published in THE AMERICAN 
JOURNAL OF CARDIOLOGY from January 1968 
through December 1972. 








e CLINICAL STUDIES 
e EXPERIMENTAL STUDIES 
e SYMPOSIA 
e REPORTS ON THERAPY 
e REVIEWS 
e SEMINARS 
e CASE REPORTS 
> DIAGNOSTIC SHELF 
e HISTORICAL MILESTONES 


Includes Author Index—and — Subject Index 
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(potassium chloride) 10% 


DESCRIPTION: Each 15 ml. (one table- 
spoonful) contains potassium chloride 1.5 
Gms., supplying 20 mEq. of elemental po- 
tassium, and 20 mEq. of chloride, in a 
cherry-flavored, palatable base; alcohol 
4%. Contains no sugar. 


INDICATIONS: Treatment of potassium 
deficiency occurring especially during 
thiazide diuretic or corticosteroid therapy, 
digitalis intoxication, low dietary intake of 
potassium, or as a result of excessive vom- 
iting and diarrhea. Other causes of hypo- 
kalemia are fistulae, laxative abuse, villous 
adenoma, familial periodic paralysis, hy- 
perthyroid periodic paralysis, insulinoma, 
primary aldosteronism or secondary aldo- 
stercnism, Cushing's Disease, renal potas- 
sium wasting conditions such as potassium 
wasting nephritis, and alkalosis. 


CONTRAINDICATIONS: Impaired renal 
function, untreated Addison's Disease, de- 
hydration, heat cramps and hyperkalemia. 


PRECAUTIONS: Potassium chloride 
should be administered with caution and 
adjusted to the requirements of the indi- 
vidual patient, since the amount of defi- 
ciency and corresponding daily dose is 
often not known. Excessive or even thera- 
peutic doses may result in potassium in- 
toxication. The patient should be checked 
frequently and periodic ECG and/or 
plasma potassium levels made. High 
plasma concentrations of potassium ion 
may cause cardiac depression, arrhythmias 
or arrest. Use with caution in patients with 
cardiac disease. In hypokalemic states, 
attention should be directed toward the 
correction of the frequently associated hy- 
pochloremic alkalosis. 


ADVERSE REACTIONS: Vomiting, nausea, 
abdominal discomfort and diarrhea may 
occur. Symptoms and signs of potassium 
intoxication include listlessness, mental 
confusion, paresthesia of the extremities, 
weakness of the legs, flaccid paralysis, fall 
in blood pressure, cardiac arrhythmias, and 
heart block. When hyperkalemia exists, it 
should be promptly treated with the dis- 
continuance of potassium administration 


All subjects are cross indexed for quick and easy reference 
*There is a limited supply of the 10 Year Cumulative Index 
available — January 1958 through December 1967 — Price 
$10.00. While supply lasts order both for only $15.00. 


or other steps to lower serum levels if indi- 
cated, since sudden shift in plasma levels 
may induce potentially dangerous cardiac 
arrhythmias. 


DOSAGE AND ADMINISTRATION: One 
tablespoonful of 15 ml. (equal to 20 milli- 
equivalents) diluted in a 4 ounce glass of 
water, tomato or orange juice twice daily 
after meals will be sufficient to replete po- 
tassium losses in most hypokalemia pa- 
tients. Some patients (approximately 30 
percent), will require a dose of 15 ml. t.i.d. 
to reverse diuretic-induced hypokalemia 
patients. However, these patients require 
close supervision to avoid the possibility 
of potassium intoxication. Patients should 
be cautioned to follow directions implicitly 
in regard to dilution of Kay Ciel Elixir to 
prevent gastrointestinal injury. 


CAUTION: Federal Law prohibits dispens- 
ing without prescription. 


HOW SUPPLIED: 16 FL. OZ. (473 ml.) 


(ONE PINT) and 128 FL. OZ. (3785 ml.) 
(ONE GALLON) bottles. 


Please use order form below. 


THE AMERICAN JOURNAL OF CARDIOLOGY 
P.O. Box 1172, Radio City Station, New York, N.Y. 10019 


Send me THE AMERICAN JOURNAL OF CARDIOLOGY 
Cumulative Index or Indexes as checked below. 


[] Enclosed is my check for $8 for 
5 YEAR CUMULATIVE INDEX 1968-1972 


[] Enclosed is my check for $10 for 
10 YEAR CUMULATIVE INDEX 1958-1967 


O Enclosed is my check for $15 for both 
the 5 and 10 YEAR CUMULATIVE INDEXES 


Name 
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- Please add appropriate sales tax if in New York State Laboratories. Inc. 
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New York, The Macmillan Company, 1970, pp. 798-799. 
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IL's new 601 Cardiac Output System centers the 
full potential of thermal dilution at the tip of a 
finger —at patient's bedside, in the OR, in the lab. 


It continuously monitors core temperature, monitors the 
baseline, and displays cardiac output—all automatically at 
the push of a button. 

The 601 is internally calibrated and uses interchangeable 
catheters: It never requires manual calibration. Further, a 
built-in test circuit validates the instrument, and catheter 
accuracy is easily tested before use. 

The 601 is fast, yet accurate: Triplicate cardiac output 
determinations are achieved in less than 60 seconds. 
Operation is simple: No specialized training or skills are 
needed once the catheter is in place. 

The 6015s data correlates well with both dye dilution and 
direct Fick methods. Continuous temperature monitoring 
constantly updateseach patient's baseline priorto automatic 
integration of the curve. And an over-ride feature allows 
the operator to manually terminate integration for unique 
applications. 

Operating reliability is excellent. The 601 was developed 
and tested under stringent critical care criteria in a leading 
metropolitan teaching hospital. 

For a demonstration in your hospital at your convenience, 
write or phone IL for an appointment, or for descriptive 
literature and related technical papers. 


Instrumentation 


Laboratory Inc. 
Lexington, Mass.02173 
Tel. 617-861-0710 
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After the “2-Step” Test, 
the Third Step in 
Angina* Therapy Is... 


NITRO-BID' 6.5 


(nitroglycerin 6.5 mg) 
Plateau CAPS* 


Comparing electrocardiographic responses to 

standard exercise following placebo or sustained- 

release nitroglycerin (NITRO-BID® [nitroglycerin] 

capsules), "...6.5 mg doses produced a favorable 
_response. Such findings indicate that large doses of 
- Nitrate escape degradation in the liver.” | 








In another study,’...over a 4-hour period the aver- 
age work-induced ischemic area increased after 
placebo by 25 per cent, whereas over the same 
period the average work-induced ischemic area 
decreased after peroral nitroglycerin (NITRO- 
BID® [nitroglycerin] capsules) by 41 per cent.” ? 


Also available when 
titration is important 


NITRO-BID® 2.5 
(nitroglycerin 2.5 mg) 


Plateau CAPS® KAOCHLOR’ 


k[ indications anemia, glaucoma, increased (potassium chloride) 
intracranial pressure, 
Based on a review of this drug idioeynorasy, hypotension. 


by the National Academy of , 
Sciences — National Research Precautions: For ORAL, not 


Council and/or other information, | SUDlingual, use. If blurring of 10% Li e d 
FDA has classified the indications | V/S'on or dryness of mouth Iqui 
as follows: occurs, discontinue drug. 

Possibly effective: Tolerance may develop on 


For the management, long-term usage. Also available 


: Adverse Reactions: Occasional > 
ase roni of transient headaches. Overdose 20% Liquid 
Final classification of the less- Mia are peu headaches, 

than-effective indications requires | '@chycardcia, dizziness. 








iiem Dosage: One capsule two or 
further investigation. thred umes dally at 8 to 12-hour Effervescent 
Contraindications: Recent intervals. 
myocardial infarction, severe Tablets 
T Ruscek Hi WARREN-T 
1. Russek HI: What constitutes adequate medical therapy for the we 
patient with angina pectoris? Geriatrics 29:109-118, 1974. PHARMACEUTICALS INCO EED 
2. Wendkos MH, Meshulam N: Comparative effects of placebo and SUBSIDIARY OF RONM AND HAAS COMPANY 
sustained-release nitroglycerin in anginal subjects. J Clin Pharmacol COLUMBUS, OHIO 43218 


13: 160-166, 1973. 


Another patient benefit product from 


lIM| MARION 


LABORATORIES. INC. 
KANSAS CITY, MISSOURI 64137 





Life lines. 


Kodak Linagraph 2201 For details on these 
paper. Gives you data and other products for 
directly from the recorder medical recording, write 
—within seconds. Makes Eastman Kodak Company, 
clean, legible traces and Dept. 412L (C-260), 

takes pen or pencil Rochester, N. Y. 14650. 


notations. 
Kodak Linagraph RESULTS 
1930 paper. A machine- COUNT 


processable paper which 
gives you permanent 
traces for future refer- 
ence. Stays fiat 

wrinkle. 
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p, “Because of the ineffectiveness of the 
conventional measures, it was suggested that a 
2% nitroglycerin ointment [Nitrol] be applied to 
the skin....It is the authors’ impression that there 
has been definite benefit from this therapy, when 
used together with all other measures for the 
treatment of angina pectoris....The principle of 
slower absorption with resulting prolonged action 
of an effective coronary vasodilator would seem to 
deserve further trial in this condition.” 


b ‘nitroglycerin ointment [Nitrol] exhibited 
a consistently prolonged beneficial influence that, 
in practice, has never been demonstrated for any 
other nitrate used in the therapy of angina.'? 
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ition: Nitroglycerin 2% in lanolin-petrolatum base. Administration: From 1 
Bs. applied to desired skin area by means of Appliruler supplied. Adjust to 
ped, starting in lower range. Side effects: Headache indicates overdos 
Standing may be the result of postural hypotension. Contraindication: 
hereased intraocular pressure or increased intracranial pressure 
2:01. tubes. Caution: Federal law prohibits dispensing without 
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:MENS-ELEMA 


= PACEMAKERS 


high-technology systems from Sweden 
helping physicians strengthen 
“the spark of life" in Europe since 1958 ... 


proven in over 60,000 patients... 





now available in America 


see next page 


. TWO OF THE HIGH-TECHNOLOGY 
.. SIEMENS-ELEMA PACEMAKERS 
NOW AVAILABLE IN AMERICA 


Variopacemaker EM 169C QRS-inhibited . Lithium Pacemaker 187 QRS-inhibited 

ENABLES RAPID, NON-INVASIVE CHECK OF PATIENT’S LITHIUM-IODIDE POWER CELL AND ADVANCED DESIG! 
THRESHOLD VALUE. Simply place a magnet above the GIVE LONG LIFE, HIGH RELIABILITY. With an estimate: 
implanted Siemens-Elema Variopacemaker, and its impulse lifetime of over 6 years, the Siemens-Elema Lithium De 
amplitude steps down in 16 equal intervals to zero voltage, mand pacemaker offers significant advantages to patien 


and physician. Battery life is extended, without impairin 
stimulation, by a short pulse duration. Th 
pacemaker is highly resistant to elec 
tromagnetic interferences, an 

has an additional safety facto 

in case of overwhelming inter 
ference: the unit does not ceas 

to function, but switches t 

basic rate stimulatior 

Pacemaker housing is hermetically 
sealed titanium; the lithium-iodid: 
_ceeeeell is also hermetically sealed fo 
greatest reliability. Puls: 
amplitude decreases onl 
0.8V from beginning to enc 
of estimate: 
pacemaker life 





















then repeats cycle. ECG readings taken simultaneously 
show where effective ventricular capture 
ceases, and permit rapid determina- 
tion of threshold value and 
safety margin. Thisis an 
important factor due to 
variation of threshold v: 
during the first weeks af 
implantation; it is equall 
important toward the end o 
the implantation period. 
Well-suited for one-step "TU | 
implantations, the Vario- J ^ _ io E -— 
pacemaker also enables | | B wy | m A 
the patient's local physi- 
cian to check threshold 
value. Information may 
be transmitted by l 
telephone to central 
facilities. 


Distributed by 


laa’ aa elema-schonander, inc. 
Siemens-Elema Pacemaker Division 
NAN A 699 Lively Bivd., P.O. Box 128 
S N Elk Grove Village, Ill. 60007 U.S.A. (312) 640-6460 


Manufactured by SIEMENS-ELEMA AB 
$17195 Soina, Sweden 


© 1975 SIEMENS-ELEMA 








METHODS 


Handy Heart Sound Simulator 
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A simple bedside technique of heart sound simulation using hand and 
stethoscope is described. The technique utilizes tissue vibration and 
sound conduction with the usual air column of a stethoscope to repro- 
duce auscultatory events accurately without the distortion that often 
accompanies electrical production of heart sounds. 4 


i 
y 


With increasing awareness of the significance of auscultatory cardiac 
findings, medical educators have utilized various techniques and ap- 
paratus to reproduce and simulate heart sounds. These have ranged 
from verbal imitation to expensive electronic heart sound simulators. 
In addition, libraries of heart sound recordings have been developed 
in some centers. Although not inordinately cumbersome, the elec- 
tronic apparatus do not always readily lend themselves to instanta- 
neous and impromptu bedside teaching. Smaller pocket-sized cas- 
sette recording devices provide a source for instant and repeated re- 
play of observed physical findings, but are limited to records of the 
sounds of an individual patient or those in a library of recorded 
sounds. The following simple technique can be utilized to expand the 
availability of heart sound simulators and meet the needs of a greater 
number of medical educators and students. HA 

Technique * 

The basic technique involves grasping the stethoscopic chest piece with the 
diaphragm against the palm (Fig. 1). Simple heart sounds can then be repro 
with the opposite index finger (Fig. 2). The frequency and intensity of the 
sound are dependent upon the area tapped (distance up the forearm) and the 
vigor of the tap. Crisper, more intense sounds are created by tapping the 
back of the hand. Softer, lower frequency sounds are created by taps over the 
forearm. The simulation of first heart sounds (S1), second sounds (S5), physi- 
ologic third heart sounds or ventricular diastolic gallops (S3), atrial diastolic 
gallops (S4), opening snaps (OS), ejections sounds and systolic clicks is E 
pendent upon selection of the proper frequency and timing. 

Triple rhythms: The triple rhythm of a ventricular diastolic gallop is pro- 
duced by rhythmically tapping the wrist and mid and proximal forearm (Fig. 
2). The distance between the areas tapped helps to establish the timing inter- 
vals. In close intervals, as in the splitting of the second heart sound, it may be 
necessary to use the middle and index fingers of the tapping hand sequential- 
ly as in thumbing the fingers on a desk (Fig. 3). This can easily be expanded 
to the triple sound of the aortic and pulmonary components of the second 
heart sound and opening snap by adding the ring finger (Fig. 4). The rhythm 
of an atrial diastolic gallop (S4) is simulated in a similar fashion but in re- 
verse order (Fig. 5). 

Murmurs: Murmurs are produced by rubbing the back of the hand in var- 
ious ways depending upon the type of murmur desired. The murmur of mi- 
tral regurgitation can be simulated by tapping with the middle finger, then 
lightly dragging it across the back of the hand and terminating the murmur 
with the second heart sound by tapping with the index finger (Fig. 6). If less 
than a holosystolic murmur is desired, the whole sequence should be per- 
formed by the index finger since lifting the finger to tap for the second sound 
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FIGURE 1. The stethoscopic chest piece is held with the diaphragm 
against the palm. 


terminates the murmur (bottom, Fig. 6). A late systolic 
murmur can be produced by lifting the tapping finger after 
the first heart sound, before the onset of the murmur. 

-The harsh systolic murmur of aortic stenosis is simulat- 
ui in a different fashion. The thumb of the opposite hand 
is pressed firmly against the back of the hand holding the 
chest piece to ensure increased friction. The thumb is then 

pushed for approximately 2.5 to 5 cm depending upon the 
duration of the murmur desired (Fig. 7). The addition of a 
diastolic blowing murmur can be achieved by softly drag- 
ging the thumb with less friction back to the original posi- 
tion. The change in direction of the motion of the thumb 
often produces a skin *pop" that conveniently simulates 
the second heart sound (bottom, Fig. 7). A continuous mur- 
mur is simulated by rubbing the back of the hand in a cir- 
cular motion (Fig. 8). The crescendo effect is created by 
Paav and light pressure during alternate halves of the cir- 


cle. 
— The simulation of the rumble of mitral stenosis requires 
Lider of the chest piece from the closed hand. The dia- 

hragm i is placed on the thenar eminence at the base of the 
Bib. With the chest piece in this position, the thumb is 
flexed, producing a muscle tremor that simulates the rum- 
ble (Fig. 9). The addition of the first and second heart 
sounds and the opening (snap preceding the rumble re- 
quires that the chest piece be placed on a stable surface, 
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bell down, or held by an observer to free the tapping finger 
of the opposite hand. The thenar eminence is placed on the 
diaphragm. The thumb is flexed as described after the pró- 
duction of the first and second heart sounds and opening 
snap. For the more nimble-fingered, a systolic murmur can 
also be added. The rhythm of atrial fibrillation can easily 
be simulated by changes in the cycle intervals. 

Friction rubs: Pericardial friction rubs are produced by 
scratching the back of the hand with the index fingernail in 
a rhythmic fashion to create the characteristic of three 
components. The presystolic or atrial component is closely 
followed by a louder ventricular systolic component and 
then the ventricular diastolic component to produce a 1, 
2-3 rhythm. The leathery sound of a pleural friction rub 
can be produced by pinching the distal index finger and 
thumb of the fisted empty hand together, pushing the 
thumb up the distal phalanx. The sound is transmitted to 
the closed hand holding the chest piece by simply touching 
the hands together (Fig. 10). The reproducibility of these 
sounds varies with the oil and moisture of the hands since a 
fair amount of friction is required. Often placing an index 
card between the index finger and thumb while performing 
the same maneuver will provide the desired effect. 

The unique sound of mediastinal emphysema can be 
produced by touching the diaphragm to the cupped palm of 
the left hand. The diaphragm will stick to the palm. As the 
diaphragm is gently lifted and as it breaks contact with the 
skin, the characteristic “crunching” sound is produced 
(Fig. 11). To create a more realistic effect, rhythmic light 
pressure and elevation must be employed to produce the 
typical three components similar to those produced by a 
pericardial friction rub. Rales can be simulated by lifting 
the chest piece very slowly to prolong releasing the skin- 
diaphragm contact. 


Discussion 


The quality of reproduction is surprisingly good 
especially if no electronic amplifiers are interspaced 
between the stethoscope and the observer's ears. The 
"phonocardiograms" accompanying the figures were 


FIGURE 2 (left). Sequential tap- 
ping with the index finger pro- 
duces the first (S4) and second 
(So) heart sounds and a ventricu- 
lar diastolic gallop (S3). The inten- 
sity and quality of the sound pro- 
duced depend upon the area 
tapped and the vigor of the tap. 


FIGURE 3 (right). Tapping first 
with the middle finger and then the 
middle finger and index finger in 
$4 rapid succession produces the 
first heart sound and both the aor- 
tic (Az) and pulmonary (P2) com- 
ponents of the second heart 
sound or the aortic component 
2 and opening snap (OS), depending 
upon the interval. Respiratory 
variation of splitting of the second 
is easily produced by 
changing the interval between the 
middle and index finger taps. 


FIGURE 4 (left). The triple sound of the 
aortic valve closure (Ao) pulmonary 
valve closure (P2) and mitral opening 
snap (OS) is produced by sequentially 
tapping with the ring, middle and index 
fingers. 


FIGURE 5 (right). The rhythm of an atrial 
diastolic gallop (S4) is produced by first 
tapping sequentially with the middle and 
index fingers over the upper forearm and 
then giving a single tap over the wrist. 


FIGURE 6 (left). A holosystolic mur- 
mur (SM) is created by softly dragging 
the middle and ring ringers across the 
back of the hand and wrist, terminat- 
ing the motion by tapping the index 
finger (top ‘‘phonocardiogram’’). A 
less than holosystolic murmur is 
created by performing the entire ma- 
neuver with just the index finger (bot- 
tom ‘‘phonocardiogram’’). SM = sys- 
tolic murmur. 


FIGURE 7 (right). A harsh systolic 
murmur (SM) is produced by pushing 
the thumb across the back of the 
hand. A soft diastolic murmur (DM) is 
produced by softly dragging the 
thumb back to the original position. 
The change in direction of the thumb 
motion may, but does not invariably, 
produce a skin "pop" that simulates 
the second heart sound. 


FIGURE 8 (left). A continuous 
murmur (CM) is produced by 
rubbing the hand in a circular 
fashion with light and firm 
pressure in alternating halves 
of the circle. The alternating 
pressure creates the crescen- 
do and decrescendo portions 
of the murmur. 

FIGURE 9 (right). The diastol- 
ic rumble (DR) of mitral steno- 
sis is simulated by the muscle 
tremor produced by flexing the 
thumb. The addition of the first 
and second heart sounds and 


opening snap (OS) is as shown : i, 
in Figure 3 and requires that tan 


the chest piece be rested 
upon a stable surface or held 
by an observer. ay 
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recorded on a Cambridge physiologic recorder using 
the techniques described and differ little from those 
produced by actual heart sounds. The authenticity of 
the simulated sounds produced is probably related to 
the similarity between the tissue vibration and sound 
conduction in this technique and those encountered 
‘in the production of physiologic heart sounds. The 
amount of practice required to master the method 
varies. It may be necessary to experiment with the 
described techniques and to modify them while lis- 
tening to the sounds produced before transferring the 
‘stethoscopic earpiece to the student. A stethoscope 





FIGURE 10 (left). A leathery pleural fric- 
tion rub is produced by rubbing the 
thumb and index finger together. The 
sound is transferred to the hand holding 
the stethoscope by touching the hands 
together. Pinching the index card be- 
tween the thumb and index finger while 
performing the maneuver will provide ad- 
ditional friction if necessary to produce 
the desired effect. 


FIGURE 11 (right). The sound of medi- 
astinal emphysema is produced by allow- 
ing the diaphragm to stick to the palm 
then rhythmically applying light pressure 
and elevation to break the diaphragm- 
skin contact. 


with multiple head sets provides the easiest means 
for the person producing the sounds to monitor his 
efforts. 

In summary, the technique provides an inexpen- 
sive versatile, highly portable heart sound simulator 
readily available at any medical facility. 

Acknowledgment 

I thank Drs. Jack B. Taylor, William C. Roberts and W. 
Proctor Harvey for their encouragement during the devel- 
opment of this technique. I also thank Mrs. Trudy Nichol- 
son for her skillful assistance in preparation of the illustra- 
tions. 


REPORTS ON THERAPY 


Effects of Glucose-Insulin-Potassium on Myocardial Substrate 
Availability and Utilization in Stable Coronary Artery Disease 
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To assess the metabolic effects of myocardial substrate alteration in 
patients with coronary artery disease, glucose-insulin-potassium solu- 
tion was administered intravenously for 30 minutes to 14 men with sta- 
ble angiographically documented coronary artery disease. The glu- 
cose-insulin-potassium solution (300 g of glucose, 50 units of regular. 
insulin and 80 mEq of potassium chloride per liter of water) was in- 
fused at a constant rate in each patient, but individual infusion rates 
ranged from 0.013 to 0.032 ml/kg per min (4 to 10 mg glucose/kg per 
min) in the 14 patients. Simultaneous arterial and coronary sinus sam- 
ples were obtained at 15 minute intervals during a stable 30 minute 
control period and again at 15 minute intervals during the infusion; 
samples were assayed for glucose, lactate, free fatty acid and oxygen 
content. 

In all 14 patients, during the glucose-insulin-potassium infusion, arte- 
rial glucose and lactate increased and arterial free fatty acid levels fell; 
the magnitude of the changes in arterial lactate and free fatty acids 
was related to the rate of infusion. Arterial-coronary sinus differences 
(A-C,) for glucose, lactate and free fatty acid levels correlated with 
the arterial concentrations of these substrates (r — 0.66, 0.87 and 
0.79, respectively). Regression analyses demonstrated myocardial 
thresholds for the uptake of these substrates as follows: glucose 79 
mg/100 ml; lactate 300 umole/liter; and free fatty acids 100 to 200 
uEg/liter. Finally and most importantly, the reduction in A-C, oxygen 
values after glucose-insulin-potassium infusion correlated with the re- 
duction in A-C, free fatty acid levels (r — 0.64, P «0.0001). This ob- 
servation suggests that, in patients with coronary artery disease, glu- 
cose-insulin-potassium infusion may significantly diminish myocardial 
oxygen requirements by reduction of myocardial free fatty acid utiliza- 
tion and simultaneous enhancement of myocardial carbohydrate utili- 
zation. 

Myocardial substrate availability may be an important determinant 
of myocardial oxygen demand in patients with coronary artery disease. 
Infusion of glucose-insulin-potassium solution has the potential to alter 
myocardial substrate availability, thus improving the balance between 
myocardial oxygen demand and supply. 


The myocardium has the potential to utilize a variety of metabolic 
fuels as its energy substrate—glucose, pyruvate, lactate, free fatty 
acids, ketones and amino acids; however, it has been repeatedly 
shown that in the fasting state the primary myocardial metabolic en- 
ergy substrate consists of free fatty acids and that free fatty acid oxi- 
dation accounts for approximately 60 percent of myocardial oxygen 
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 needs.! Recent studies suggest that free fatty acids 
-may not be the optimal substrate for the hypoxic 
myocardium. It has been shown in animal models 
that increased levels of free fatty acids can increase 
myocardial oxygen utilization by 10 to 25 percent?-$ 
and inhibit glucose utilization.^? Furthermore, Ku- 
rien and Oliver? have proposed that free fatty acids 
may exert toxic arrhythmogenic effects on the hypox- 
-ic myocardium. 
_ Glucose, on the other hand, would appear to be a 
more beneficial substrate in the setting of myocardial 
hypoxia. Evans et al.!? demonstrated that the hypox- 
ic heart utilizes greater quantities of glucose than the 
well oxygenated heart. Morgan et al.!!:!2 and Post et 
_al.!® showed that glucose uptake by the heart is not 
maximal at normal blood levels and can be accelerat- 
ed by both insulin and hypoxia. Along with these 
studies documenting an increase in glucose uptake 
during hypoxia, additional animal investigations in- 
dicated that glucose-enriched solutions could im- 
prove myocardial electrical!^!? and mechanical!*:!® 
performance, maintain cellular ultrastructure,!? pro- 
mote myocardial recoverability,!°-!” preserve intra- 
cellular adenosine triphosphate (ATP) concentra- 
tions," reduce myocardial creatinine phosphokinase 
depletion! and retard mitochondrial injury during 
"hypoxia.!9!? Maroko et al.?? have reported that infu- 
‘sion of glucose-insulin-potassium could preserve 
“myocardium after experimental myocardial infarc- 
tion. 
- Glucose-insulin-potassium infusions in the clinical 
‘setting of acute myocardial infarction have been 
-shown to dramatically reduce serum free fatty acid 


-evels,?!?? but there have been no detailed studies of 


the interrelation of myocardial carbohydrate and free 
fatty acid metabolism in patients with documented 
coronary artery disease given infusions of glucose- 
insulin-potassium solution. Accordingly, this investi- 
gation was undertaken to measure the effect of glu- 
cose-insulin-potassium infusion on myocardial arte- 
rial-coronary sinus (A-C,) differences of glucose, lac- 
tate, free fatty acids and oxygen in patients with sta- 
ble coronary artery disease. 


Methods 
Patient Population and Catheterization Procedure 


Fourteen men aged 37 to 65 years were admitted for 
evaluation of coronary artery disease. None of the patients 
had clinical diabetes mellitus, as assessed by a 3 hour glu- 
cose tolerance test; all medications were discontinued on 
‘admission. The catheterization procedure and metabolic 
protocol were described to each patient, and informed con- 
sent was obtained. No patient was permitted caloric intake 
or premedication during the 12 hours preceding catheter- 
ization. Each patient was subsequently found by coronary 
angiography to have significant coronary artery disease, de- 
fined as one or more stenoses of greater than 50 percent in 
a major coronary artery. 

After local anesthesia with 1 percent lidocaine, a small 
"Teflon" catheter was introduced percutaneously into the 
left brachial artery and positioned in the left subclavian ar- 


tery. The left brachial vein was isolated, and a catheter was 
advanced into the coronary sinus under fluoroscopic guid- 
ance. The catheter tip was positioned more than 1 cm be- 
yond the estimated location of the ostium of the coronary 
sinus after documentation of catheter placement by oxime- 
try and fluoroscopy. Patency of the catheter was main- 
tained by continuous infusion of isotonic saline solution. 
The right brachial vein was then cannulated for the infu- 
sion of the glucose-insulin-potassium solution. During the 
control period, isotonic saline solution was used to main- 
tain patency of this catheter; no patient received heparin 
during the study. Heart rate and intraarterial pressure 
were monitored during the 30 minute control and infusion 
periods. 


Glucose-Insulin-Potassium Administration and Sample 
Collections 


After the catheters were positioned in the brachial artery 
and in the coronary sinus, the metabolic protocol was ini- 
tiated. The protocol consisted of a 30 minute control period 
and 30 minutes of infusion of glucose-insulin-potassium so- 
lution. During the control period, isotonic saline solution 
was used to maintain the catheters patent, and the arterial 
and coronary sinus catheters were flushed at 5 minute in- 
tervals throughout the 60 minute study. Simultaneous arte- 
rial and coronary sinus samples were drawn at 15 and 30 
minutes during the control period and similarly at 15 and 
30 minutes during the period of glucose-insulin-potassium 
infusion. The first 5 ml of each sample was discarded, and 
20 ml of blood was then withdrawn for determination of 
glucose, lactate and free fatty acid levels. An additional 10 
ml for oxygen content was subsequently collected, which 
resulted in a total of 70 ml for each interval of sampling or 
35 ml from the arterial and coronary sinus catheters, re- 
spectively. 

After collection of the second sample at 30 minutes of 
the control period, 10 g of glucose and 5 units of regular in- 
sulin were injected into the right brachial vein. This injec- 
tion was followed immediately by continuous infusion of 
glucose-insulin-potassium (300 g of glucose, 50 units of reg- 
ular insulin and 80 mEq of potassium chloride per liter of 
water). The pH of the solution was 4.5, and the osmolality 
was 1,827 milliosmoles. Each of the 14 patients received 
this concentration of glucose-insulin-potassium at a con- 
stant rate throughout the 30 minute infusion period. How- 
ever, the rate of infusion ranged from 0.013 to 0.032 ml/kg 
per min (or 4 to 10 mg glucose/kg per min) in individual 
patients. Six patients received the solution at a rate of 
0.013 to 0.020 ml/kg/min (4 to 6 mg glucose/kg per min), 
and eight patients at a rate of 0.020 to 0.032 ml/kg per min 
(7 to 10 mg glucose/kg per min). Fifteen minutes after the 
start of glucose-insulin-potassium infusion, simultaneous 
arterial and coronary sinus samples were drawn; similar 
samples were also drawn at 30 minutes. The amount of 
blood removed during the metabolic period was similar to 
the amount of isotonic saline solution infused. After the 
final blood samples were collected, the metabolic study was 
terminated, and the patients underwent right and left 
heart catheterization with coronary arteriography and left 
ventriculography. 


Assay Methods 


Lactate: 6.5 ml of 6 percent perchloric acid was added to 
2 ml of blood immediately upon withdrawal from the pa- 
tient. The tubes were weighed before and after addition of 
the blood to determine the exact amount added. Tubes 


were then centrifuged at 6,000 X g for 30 minutes to re- 
move the precipitated protein. The perchloric acid extract 
was titrated to pH 4.5 with 1 molar potassium hydroxide at 
0°C with agitation. Thirty minutes later, precipitated po- 
tassium perchlorate was removed from the mixture by cen- 
trifugation at 6,000 X g for 15 minutes. The supernatant 
was then assayed for lactate spectrophotometrically by 
standard enzymatic methods.?? 

Glucose and free fatty acids: Blood was collected in 
chilled tubes containing sodium ethylenediaminetetraacet- 
ic acid (EDTA) to prevent clotting. The tubes were centri- 
fuged at 600 X g for 30 minutes and the plasma was as- 
sayed for glucose according to the glucose oxidase and fer- 
rocyanide method of Hall and Tucker.?^ Free fatty acid lev- 
els were determined by modification of the Dole proce- 
dure.^ Appropriate standards were run with each assay. 
Coefficients of variance for this laboratory are 3 percent for 
lactate, 1 percent for glucose and 5 percent for free fatty 
acids. 

Oxygen content: Samples were collected in plastic sy- 
ringes containing 0.5 ml of heparin (10,000 units/ml) and 
were immediately placed in ice. Oxygen content was deter- 
mined by the Van Slyke manometric technique. 


Data Analysis and Statistical Methods 


'The 15 and 30 minute arterial and coronary sinus blood 
samples for glucose, lactate, free fatty acids and oxygen 
during the control period were averaged to yield a single 
control value for each substance. The coronary sinus mea- 
surement of each substance was subtracted from the arteri- 
al value to give the myocardial arterial-coronary sinus (A- 
C,) difference. The arterial values for glucose, lactate and 
free fatty acids were compared with the respective myocar- 
dial A-C, differences of each substance for both the control 
. and glucose-insulin-potassium infusion periods. The paired 
t test was used to test the significance of the difference be- 
tween samples obtained during the control and infusion pe- 
riods. Standard least square techniques were used to obtain 
the correlations and regression lines for the lactate and free 
fatty acid measurements. A nonlinear least square analysis 
was found empirically to describe the relation between ar- 
terial glucose and A-C, glucose better than the linear rela- 
tion between the untransformed variables.?9 


Arterial Glucose 
conc 
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TABLE I! 
Serum Osmolality 





Infusion Rate 


(mg glucose/ Control * GIKT | 





Case no. kg per min) (milliosmoles) (milliosmoles) - 
1 6.0 282 284 
2 7.8 286 283 
3 9.4 286 286 





* The control sample was an arterial sample drawn at 15 minute: 
during the 30 minute control period. 
t The second sample was drawn 15 minutes after the start of the 
glucose-insulin-potassium infusion. 


Results 


Circulatory dynamics and serum osmolality 
All patients remained comfortable during the contro 
and infusion periods without apparent apprehensiot 
or chest pain. Heart rate and arterial pressure re 
mained stable throughout the study. 

The elevation in blood glucose levels with the glu 
cose-insulin-potassium solution is not enough to in 
crease significantly serum osmolality on a theoretica 
basis, and measurements of serum osmolality in thre: 
patients did not change significantly (Table I). 

Arterial glucose concentration and myocardia 
glucose A-C, difference: Infusion of glucose-insu 
lin-potassium solution increased arterial concentra 
tions at 15 and 30 minutes in 13 of the 14 patient 
(Fig. 1). In six patients (Group I) the solution was in 
fused at a low rate (4 to 6 mg glucose/kg per min). h 
eight patients (Group II) the infusion rate was higl 
(7 to 10 mg glucose/kg per min). The mean arteria 
concentration of glucose was higher at 15 minute 
than at 30 minutes in both groups. As arterial glucos 
concentration increased, myocardial glucose arterial 
coronary sinus (A-C,) difference increased (Fig. 1) 
and the relation between these measurements ap 
peared to obey first order kinetic laws (Fig. 2). Th 
mean myocardial glucose A-C, difference was simila 
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at 15 and 30 minutes in both groups of patients. Al- 
though the infusion rate and the amount of glucose 
delivered was lower in Group I than in Group II, the 
ratio of glucose to insulin and potassium remained 
the same in both groups. Alterations in myocardial 
zlucose A-C, difference were not related to alter- 
ations in myocardial oxygen extraction (r = 0.192). 
Arterial lactate concentration and myocardial 
lactate A-C, difference: Arterial lactate concentra- 
tion was increased in all patients after infusion of 
slucose-insulin-potassium (Fig. 3), and was a func- 
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FIGURE 2. Relation between arte- 
rial glucose concentration and 
myocardial A-C, difference for 
glucose during control and glu- 
cose-insulin-potassium infusion 
periods. Because the general ex- 
ponential relation shown  de- 
scribed the observed data better 
than a simple linear fit (r — 0.66 
versus r — 0.56), a semi-log plot 
is depicted to better demonstrate 
the apparent exponential relation 
between the two variables. The 
arterial glucose ‘‘threshold”’ (t) for 
myocardial glucose uptake, deter- 
mined by the intercept of the 
above plot with the abscissa, is 
4,400 umoles/liter or 79 mg/100 
ml glucose. The Km, or arterial 
glucose concentration associated 
with 1/2 Vm is 5500 umole/liter or 
99 mg/ 100 ml glucose, where Vm 
is the maximal A-C, glucose 
value. The constant b describes 
the curve shape. n — number of 
patients; p — probability; r — cor- 
relation coefficient. 
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FIGURE 3. Simultaneous changes 
200 in arterial lactate concentration 
and myocardial A-C, difference 
for lactate after 15 and 30 min- 
utes of glucose-insulin-potassium 
(GIK) infusion. The open and 
closed circles represent, respec- 
tively, groups with a low and high 
infusion rate. 
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tion of both rate and duration of infusion. The high 
infusion rates (7 to 10 mg glucose/kg per min) pro- 
duced a greater elevation in arterial lactate concen- 
tration at both 15 and 30 minutes than did the low 
infusion rates (4 to 6 mg glucose/kg per min). The 
mean arterial lactate increase in eight patients re- 
ceiving the solution at high infusion rates was 41 per- 
cent at 15 minutes (P «0.01) and 113 percent at 30 
minutes (P «0.01). In the six patients receiving the 
solution at low rates of infusion there was a mean in- 
crease in arterial lactate of 30 percent at 15 minutes 
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FIGURE 4. Relation between arterial lactate concen- 
tration and myocardial lactate A-C, difference during 
the control and glucose-insulin-potassium infusion peri- 
ods. S.D. — standard deviation. 
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FIGURE 5. Simultaneous changes 
in arterial free fatty acid (FFA) 
concentration and myocardial free 10 
fatty acid A-C, difference after 15 
and 30 minutes of glucose-insulin- 
potassium infusion. The open and 
closed circles represent, respec- 
tively, the groups with a low and 0 19 
high rate of infusion. 


(P <0.05) and 80 percent at 30 minutes (P <0.01). All 
patients at rest demonstrated higher arterial lactate 
concentrations than coronary sinus concentration in 
samples obtained at both 15 and 30 minutes during 
the control period. In patients receiving glucose-insu- 
lin-potassium solution at the low infusion rate 
(Group I) there was a mean 28 percent reduction in 
lactate A-C, difference at 15 minutes and a 79 per- 
cent increase in lactate A-C, difference at 30 minutes, 
but neither of these measurements was significantly 
different from control values. In patients receiving 
the solution at the high infusion rate (Group II), the 
mean lactate A-C, difference increased 60 percent at 
15 minutes (P <0.05) and 200 percent at 30 minutes 
(P <0.01). | 

Myocardial lactate A-C, difference was linearly re- 
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lated to arterial lactate concentration (r = 0.84) (Fi; 
4). Mean lactate A-C, difference in the two groug 
differed at both 15 minutes (P <0.05) and 30 minut 
(P <0.05) but there was no correlation between my 
cardial lactate A-C, difference and myocardial OX) 
gen extraction (r = 0.452). 

Arterial free fatty acid concentration an 
myocardial free fatty acid A-C, difference. Infi 
sion of glucose-insulin-potassium consistently su] 
pressed arterial free fatty acid concentration (Fig. 5 
and the extent of suppression was influenced by tł 
rate and duration of infusion. Infusion at the hig 
rate (7 to 10 mg glucose/kg per min) reduced arteri 
free fatty acid concentration more at 15 and 30 mii 
utes than did the lower infusion rate of 4 to 6 mg gh 
cose/kg per min. Both infusion rates depressed fri 
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FIGURE 6. Relation between arterial free fatty acid (FFA) concentra- 
lion and myocardial free fatty acid A-C, difference during the contro! 
and glucose-insulin-potassium infusion periods. Arterial free fatty 
acid concentrations between 100 and 200 uEg/liter were associated 
with myocardial A-C, differences approaching zero. 
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'"IBURE 7. Mean changes in myocardial A-C, difference after 15 
ind 30 minutes of glucose-insulin-potassium infusion. The alterations 
1 lactate, free fatty acid and oxygen A-C, differences were depen- 
ent on the duration and rate of infusion of glucose-insulin-potassium 
olution per unit of time. Myocardial glucose A-C, differences ap- 
eared independent of both duration of infusion and the amount of 
lucose-insulin-potassium infused. 


atty acid levels as a function of the duration of infu- 
ion, but the high infusion rate reduced the fatty 
cids more rapidly and to a greater extent than the 
ow infusion rate. The low infusion rate suppressed 
ree fatty acids 18 percent at 15 minutes (P «0.01) 
nd 45 percent at 30 minutes (P «0.01), and at high 
afusion rates arterial free fatty acids were sup- 
ressed 45 percent at 15 minutes (P «0.01) and 71 
ercent at 30 minutes (P <0.01) (Fig. 5). 

- The myocardial free fatty acid A-C, difference was 
function of arterial free fatty acid concentration. 
‘he correlation coefficient is good (r = 0.79), and 
igure 6 demonstrates a linear relation between these 
wo measurements. All six patients in Group I (low 
ifusion rate) continued to demonstrate a persistent 
iyocardial A-C, difference in free fatty acid levels 


after 30 minutes of glucose-insulin-potassium infu- 
sion, but the myocardial free fatty acid A-C, differ- 
ence was reduced to zero in three and near zero in 
four of eight patients in Group II (high infusion rate). 
The mean reduction in A-C, free fatty acid was 94 
percent in Group II as opposed to 57 percent in 
Group I (both P «0.01). The two groups were statis- 
tically separated (P «0.01) after 30 minutes of infu- 
sion (Fig. 7). 

Myocardial A-C, free fatty acid difference ap- 
proached zero at arterial free fatty acid concentra- 
tions of 100 to 200 uEq/liter, thus, defining the 
threshold for myocardial free fatty acid uptake in 
fasting patients with stable coronary artery disease. 

Myocardial A-C, oxygen difference: Infusion of 
glucose-insulin-potassium reduced myocardial OXy- 
gen A-C, difference in all 14 patients. This reduced 
oxygen arteriovenous difference was slightly greater 
at 15 minutes than at 30 minutes in both Group I and 
Group II (Fig. 7). This may be related to the initial 
bolus dose of glucose and insulin administered to all 
patients. In the six patients in Group I (low infusion 
rate) mean oxygen A-C, difference was reduced from 
control levels by 7.6 percent at 15 minutes (P «0.05) 
and 6 percent at 30 minutes (P <0.05). In the eight 
patients in Group II mean myocardial oxygen A-C, 
difference was reduced by 15.8 percent at 15 minutes 
(P «0.01) and 13.1 percent at 30 minutes (P «0.01). 
The two groups were statistically separated at 15 (P 
<0.05) and 30 minutes (P <0.05) (Fig. 7). 

A significant relation was established between re- 
duced myocardial free fatty acid A-C, difference and 
reduced myocardial oxygen A-C, difference (r = 0.64) 
(Fig. 8). 


Discussion 


This study of the effects of infusion of glucose-in- 
sulin-potassium solution on myocardial substrates in 
patients with stable coronary artery disease has 
yielded some important findings relative to myocar- 
dial glucose kinetics, lactate and free fatty acid me- 
tabolism, and oxygen uptake. 

Myocardial glucose kinetics: Arterial glucose 
concentrations increased, and myocardial arterial- 
coronary sinus (A-C,) differences widened with the 
glucose-insulin-potassium infusion. However, as pre- 
dicted from the work of Morgan and Post et a].11-13 
on glucose transport kinetics, these variables re- 
vealed a curvilinear relation as shown in Figure 2. In 
the isolated perfused heart, glucose transport is the 
rate-limiting step in glucose utilization; elevated 
blood sugar levels facilitate myocardial glucose utili- 
zation because glucose transport is not maximal at 
normal blood glucose levels.!!-13 Insulin increases the 
glucose utilization by alterations in membrane kinet- 
ics so that glucose transport is accelerated at normal 
blood sugar levels. 

The present observations in patients with stable 
coronary artery disease indicate that the myocardial 
glucose A-C, differences were independent of the rate 
and duration of glucose-insulin-potassium infusion. 


EISE: vont 
^. » € 


The km of glucose transport (arterial glucose concen- 
tration associated with half the maximal glucose A-C, 
difference) plotted from Figure 2 is 5.5 millimolar 
(plasma glucose of 99 mg/100 ml); this value agrees 
with the value obtained in animal models.!!-!? As- 
suming 1 ml/min per g of myocardium for coronary 
blood flow, the maximal velocity for glucose trans- 
port calculated from the data in Figure 2 is 7 mg/g of 
heart muscle per hour. The threshold for glucose up- 
take is 4.4 millimolar (79 mg/100 ml). These data 
suggest that modest changes in the arterial glucose 
level alter greatly the uptake of glucose by the heart. 

Myocardial lactate metabolism: Arterial lactate 
concentrations increased during the infusion of the 
glucose-insulin-potassium solution. Kreisberg?” has 
shown that glucose accounts for 50 to 70 percent of 
lactate production in man with the major production 
sites being skeletal muscle and erythrocytes. Lactate 
increases whenever the rate of glycolysis exceeds the 
rate of oxidation.?? Although lactate production is 
known to develop during periods of hypoxia and as 
various cellular oxidation reduction systems shift 
toward a more reduced state,?9-?? increased pyruvate 
production can produce changes in lactate produc- 
tion unassociated with hypoxia.?? Arterial lactate 
concentration was greater in Group II (high infusion 
rate) than in Group I. Arterial lactate concentrations 
changed with time and were greater at 30 minutes 
than at 15 minutes in both groups. All subjects had 
higher values for lactate in arterial than in coronary 
sinus samples, but none experienced chest pain dur- 
ing the control period. Patients continued to extract 
lactate in increasing amounts after 30 minutes of 
infusion. 

Myocardial lactate A-C, differences were linearly 
related to arterial lactate concentrations, as previous- 
ly reported in dogs.?? The regression equation relat- 
ing arterial lactate concentration to myocardial lac- 
tate A-C, difference suggests a resting threshold for 
lactate uptake corresponding to arterial lactate levels 
of 300 umole/liter. 

Myocardial free fatty acid metabolism: The ob- 
served reduction in arterial free fatty acid concentra- 
tions is considered a reflection of the glucose-insulin- 
potassium infusion-induced stimulation of free fatty 
acid uptake and esterification. This process occurs 
primarily in adipose tissue by the provision of acti- 
vated glycerol.?4-?7 Reduction in free fatty acid levels 
occur when glyceride synthesis is relatively greater 
than lipolysis. Glucose and insulin have been demon- 
strated to inhibit net fatty acid release from adipose 
tissue in fasted animals.?? Bailey et al. and Raben 
and Hollenberg?? obtained evidence that glucose re- 
duces free fatty acid levels by favoring triglyceride 
synthesis and not by the inhibition of lipase action. 

In this study, with the inhibition of free fatty acid 
production, arterial concentrations rapidly declined, 
consistent with estimated turnover rates for plasma 
free fatty acids.494! As arterial free fatty acids de- 
creased in these subjects, the myocardial A-C, free 
fatty acid differences were reduced in a linear man- 
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FIGURE 8. Relation between myocardial oxygen extraction (A-C, dil 
ference) and myocardial free fatty acid (FFA) A-C, difference durin 
the control and glucose-insulin-potassium infusion periods. 


ner (Fig. 6). The linear relation between arterial fre 
fatty acids and myocardial A-C, free fatty acid differ 
ences was similar to earlier findings in experiment: 
animals and in normal resting man.*?-46 After 3 
minutes of glucose-insulin-potassium infusion, th 
A-C, free fatty acid difference was reduced to zero i 
three and near zero in four of the eight patients 1 
Group II (high infusion rate). The X intercept of th 
regression line suggests a threshold for myocardi: 
free fatty acid extraction in patients with coronar 
artery disease at arterial free fatty acid concentratio 
of 100 to 200 wEq/liter. Carlsten et al.^7 have demor 
strated a myocardial free fatty acid threshold of 35 
uEq/liter in healthy human subjects, and observ: 
tions from animal experiments*?** have suggested 
free fatty acid threshold of 100 4Eg/liter. Howeve 
even at the point where there is no measurable A-( 
free fatty acid difference, there may still be some uj 
take of free fatty acids, which is balanced by frt 
fatty acid release by the heart.*4 

Myocardial oxygen uptake after infusion « 
glucose-insulin-potassium: A decrease in myoca 
dial A-C, oxygen difference occurred during the gh 
cose-insulin-potassium infusion period. This redu: 
tion in myocardial A-C, oxygen difference occurre 
in all 14 patients but was more pronounced in Grou 
II (high infusion rate) than in Group I (Fig. 7). A sij 
nificant correlation between increasing myocardi 
free fatty acid utilization and enhanced myocardi 
oxygen consumption has previously been demo! 
strated in studies in which arterial free fatty ac 
concentrations were elevated experimentally.?-6 El 
vated free fatty acid levels can increase the myoca 
dial oxygen utilization by 10 to 26 percent.?-9 | 

The increased oxygen consumption produced t 
elevated levels of arterial free fatty acids may occi 
by several mechanisms. Free fatty acids may increa: 
oxygen utilization by uncoupling oxidative phosph: 
rylation or by inhibition of glycolysis so that aden: 
sine triphosphate (ATP) generation by substra 
level phosphorylation would not be available.49-99 E 
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comparison with carbohydrate oxidation, free fatty 
acid oxidation theoretically produces slightly less 
ATP per mole of oxygen consumed. Furthermore, in 
states of free fatty acid excess, additional ATP is uti- 
lized for the esterification of free fatty acids.®! In the 
isolated perfused liver, Williamson et al.5! observed 
that the esterification of free fatty acids and the de- 
creased efficiency of beta oxidation could account for 
the increase in oxygen uptake by the liver when it 
was perfused with free fatty acids. If esterification is 
decreased as free fatty acid uptake diminished, ATP 
requirements could be reduced with subsequent re- 
ductions in oxygen utilization. 


Clinical Implications 


The present study in which a glucose-insulin-po- 
tassium solution was infused in patients with stable 
coronary artery disease has yielded several observa- 
tions that may be of potential benefit to patients 
with the unstable manifestations of coronary artery 
disease. As previously mentioned, recent data suggest 
that free fatty acids may be an unfavorable substrate 
for hypoxic myocardium; our data show that dramat- 
ic reduction of arterial free fatty acids can be 
achieved with infusion of glucose-insulin-potassium 
in patients with stable coronary artery disease. Fur- 
thermore, when arterial free fatty acid levels are re- 
duced to 200 jEq/liter or less—the myocardial 
“threshold” for free fatty acids—the A-C, free fatty 
acid difference approaches zero. Minimal infusion 
rates of glucose-insulin-potassium (300 g of glucose, 
50 units of regular insulin, 80 mEq of potassium chlo- 
tide per liter of water) that reduced the A-C, free 
‘atty acid difference to zero were rates of 0.025 ml/kg 
ger min (1.5 ml/kg per hr or 8 mg of glucose/kg per 
nin). 

The data further demonstrate that the A-C, free 
atty acid reduction is accompanied by increased 
\-C, carbohydrate (glucose and lactate levels). This 


shift in myocardial substrate uptake from free fatty 
acid to carbohydrate is accompanied by a significant 
fall in A-C, oxygen. That the reduction in A-C, OXy- 
gen reflects a fall in myocardial oxygen consumption 
cannot be ascertained with certainty from the avail- 
able data since coronary blood flow was not mea- 
sured. There is, however, no reason to suspect that 
coronary flow was altered during the study, since all 
patients remained in a stable state throughout the 
procedure without appreciable changes in heart rate 
or intraarterial pressure. Furthermore, a recent study 
in dogs report that infusion of glucose-insulin-potas- 
sium decreased myocardial oxygen consumption 
without altering myocardial blood flow.52 Thus it is 
reasonable to postulate that, in the present study, 
myocardial blood flow was constant, and the ob- 
served reduction in A-C, oxygen is indicative of a de- 
crease in myocardial oxygen consumption. 

The potential of glucose-insulin-potassium infu- 
sion to reduce myocardial oxygen uptake while de- 
creasing free fatty acid utilization and increasing glu- 
cose availability suggests that myocardial substrate 
availability and utilization may be a major clinically 
unappreciated determinant of myocardial oxygen 
consumption. However, it can be argued that infusion 
of glucose-insulin-potassium might reduce myocar- 
dial oxygen consumption by depression of myocardial 
contractility, a known major determinant of myocar- 
dial oxygen consumption.5? Such an argument seems 
unreasonable in view of reported studies showing a 
beneficial effect of glucose-insulin solutions on myo- 
cardial performance, both in the experimental animal 
preparation?*^? and, more recently, in patients after 
an acute myocardial infarction.®® 

Metabolic interventions such as infusion of glu- 
cose-insulin-potassium that alter myocardial sub- 
strate availability and metabolism require further ex- 
ploration in patients with unstable manifestations of 
coronary artery disease. 
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The myocardial metabolism of free fatty acids, glucose and catechol- 
amines is reviewed in relation to current trends in the therapy of ex- 
perimental myocardial infarction. Major modifications in the metabo- 
lism of free fatty acids, glucose and catecholamines have already 
been found after acute myocardial infarction in man, and animal exper- 
imental data suggest that such metabolic changes might play a role in. 
the modification of infarct size and sometimes in the development of 
arrhythmias. However, animal experiments often represent extreme 
situations and the therapeutic use in man of agents to modify the me- 
tabolism of free fatty acids, glucose or catecholamines after myocar- 
dial infarction needs intensive investigation before general application. 
The sum total of the evidence from animal experiments suggests that 
increased circulating concentrations of free fatty acids and catechol- 
amines, if sufficiently high, may be harmful rather than helpful to the 
outcome of acute myocardial infarction, and that increased provision 
of glucose (as glucose, insulin and potassium) may be beneficial. Res- 
ervations to these conclusions are that the concentrations used appear 
to be important factors in catecholamine and free fatty acid effects, 
and that the mechanism of action of glucose-insulin-potassium is more 
complex than originally thought. 


Among the major metabolic changes described in patients with acute 
myocardial infarction are increased circulating blood free fatty acid 
concentrations,! glucose intolerance? and increased secretion of cate- 
cholamines.? It has been thought that each of these metabolic abnor- 
malities might adversely influence the outcome of acute myocardial 
infarction, either by provoking arrhythmias or by adversely affecting 
the survival of ischemic tissue.*^ The purpose of this review is to 
evaluate the evidence for the participation of such metabolic factors 
in influencing the outcome of the infarction process and the develop- 
ment of arrhythmias. 


l. Free Fatty Acids (FFA) 
FFA Metabolism in Patients with Acute Myocardial Infarction 


Free fatty acid concentrations in blood may be much increased in 
patients with acute myocardial infarction and are generally higher in 
patients who are more seriously ill.^97 An important cause of the in- 
creased blood levels is thought to be increased catecholamine activity 
(see later), which liberates free fatty acids from adipose tissue.? Star- 
vation may be another factor because patients in acute pain generally 
do not eat much, and glucose given intravenously^ lowers the elevat- 
ed circulating free fatty acid levels. In four studies! 69.1? patients with 
the highest circulating concentrations were more likely to have seri- 
ous arrhythmias or other complications, but five other studies!!-15 


failed to find this association. Furthermore, injec- 
tions of heparin, which are known to increase blood 
levels of free fatty acids, do not appear to increase ar- 
rhythmias in patients with acute myocardial infarc- 
tion.® 13,16 

Thus, at present opinions differ as to whether the 
increased free fatty acid concentration found in the 
early stages of myocardial infarction may directly 
cause or precipitate arrhythmias or whether it is 
merely a coincidental phenomenon reflecting cate- 
cholamine stimulation. For these reasons, careful ex- 
amination should be made of the experimental evi- 
dence relating free fatty acid levels to the outcome of 
acute infarction. 


FFA and Experimental Arrhythmias 

Kurien et al.!” injected triglyceride-heparin into 
closed chest dogs with occlusion of the circumflex 
coronary artery by an intraarterial balloon; peak rises 
of free fatty acid levels to 2,000 to 6,000 wEq/liter 
were followed about 20 minutes later by bursts of ec- 
topic activity including ventricular tachycardia. Opie 
et al.!8 using an open chest dog preparation with liga- 
tion of the anterior descending coronary artery, at- 
tempted to repeat the phenomenon without success. 
However, it may not be the absolute level of free 
fatty acids that is of decisive importance, but rather 
the free fatty acid/albumin molar ratio. Circulating 
free fatty acids are bound to circulating albumin by 
binding sites with various degrees of affinity for free 
fatty acids.!? They are thought to be taken up by the 
cell in proportion to the circulating concentration, 
but to a greater degree when the primary albumin- 
binding sites are exceeded.?? Thus, the greater the 
FFA/albumin molar ratio, the greater the possibility 
that the tight binding sites will be **overoccupied" 
and that circulating free fatty acid molecules will be 
held only in loose association with albumin and, 
therefore, even more readily taken up by the heart.?! 
Spector's review?? stresses the role of the FFA/albu- 
min molar ratio in regulating free fatty acid utiliza- 
tion by tissues. 

Rat heart experiments have suggested that a suffi- 
ciently high FFA/albumin molar ratio in the perfu- 
sion medium can produce arrhythmias even in non- 
ischemic hearts.?? The concept that this ratio may be 
important would explain why Kurien et al.!? and Ol- 
iver,?? using mongrel dogs, were able to relate ectopic 
activity to the same level of circulating free fatty 
acids that did not provoke arrhythmias in the studies 
of Opie et al.,!8 who used greyhounds with a higher 
level of serum albumin. However, mongrel dogs were 
also used by Kostis et al.,?* who infused triglyceride- 
heparin to give very high circulating free fatty acid 
values (and presumably much increased FFA/albu- 
min molar ratios). The ventricular fibrillation thresh- 
old was not elevated by elevated free fatty acid levels 
immediately after coronary arterial ligation or 3 days 
later. Hence, the relations among circulating free 
fatty acid values, FFA/albumin molar ratios and ex- 
perimental arrhythmias are not clear-cut. However, 
free fatty acids may exert other effects. 


|... METABOLIC CHANGES IN MYOCARDIAL INFARCTION—OPI 


FFA and Myocardial Function 2 

Free fatty acids in high concentrations may cause 
decreased contractility of hypoxic rat papillary mus: 
cle2> or of the flow-limited isolated perfused ra 
heart.26 There may be acute dilatation of the under 
perfused left ventricle,” whereas pump failure in 
duced by coronary arterial ligation is lessened by pre 
treatment with an antilipolytic agent.?? There appea: 
to be no data showing whether experimental alter 
ation of free fatty acid values in the range actually 
found in patients with infarction could alter myocar 
dial function. | 


FFA and Infarct Size 


Many diverse factors affect the size of experimen 
tal myocardial infarcts.?? Some agents increasing in 
farct size (catecholamines and glucagon) raise bloot 
free fatty acid levels and some agents decreasing in 
farct size (glucose, insulin and potassium, beta adren 
ergic blocking agents) lower these levels. Neverthe 
less, direct evidence of an effect of free fatty acids oi 
infarct size has been lacking. Kjekshus and Mjøs? 
substantially raised free fatty acid levels (3,200 „Eq 
liter) but could find only increased S-T segment ele 
vation after pretreatment of their dogs with antilipc 
lytic agents (see later). It is therefore of interest tha 
release of myocardial enzyme, widely taken to be a 
index of the severity of experimental myocardial ir 
farction, was several times greater with palmitate i 
the perfusate than with glucose or glucose plus insu 
lin in isolated rat hearts with coronary arterial lige 
tion.?! Free fatty acid concentrations and FFA/albt 
min molar ratios were within the physiologic rangt 
In vivo, free fatty acids can increase circulating inst 
lin values,?? and this increase could help protect th 
infarcting tissue from effects of free fatty acids an 
explain some of the negative findings in Table I. 


FFA and Catecholamine Interaction 


Catecholamine activity may sensitize the heart t 
the effects of free fatty acids.!? In dogs with coronar 
arterial ligation, circulating levels of free fatty acic 
were increased by either triglyceride (Intralipid 
heparin infusion or catecholamine infusion, and tł 
myocardial oxygen consumption increased; howeve 
only during the catecholamine infusion did S-T se 
ment elevation and infarct size increase.”’ Free fat; 
acid levels of about 1,400 nEq/liter during isoproter 
nol infusion were associated with greater S-T se 
ment elevation than levels of over 3,000 4Eg/lit 
during triglyceride-heparin infusion.?? After corona 
arterial ligation in the dog, the administration of ti 
glyceride-heparin led to free fatty acid values of nea 
ly 10,000 4Eq/liter without effect on the incidence 
ectopic beats, but the additional administration 
adrenaline at rates of about 1.5 ug/kg per min led. 
sustained ectopic activity in a small series.!? In no 
mal dog hearts, the local heat production in the hea 
increased during both isoproterenol infusion (fr 
fatty acids = 1,800 uEg/liter) and during infusion. 
triglyceride-heparin (free fatty acids = 3,000 „E 
liter), but more so during the former procedure.?? _ 
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TABLE | 


Relation of Free Fatty Acid Concentration and FFA/Albumin Molar Ratios to “Toxic” Effects on Animal Hearts 








; Circulating 
i Albumin 
Circulating FFA Concentra- 
Concentration Method of Change tion FFA/Albu- 
Authors Animal Preparation (mM) of FFA (g/100 ml) | min Ratio Effect 
‘Hoak et al.!** Intact goose 27 Glucagon elevation Unknown Unknown Arrhythmias and histologic 
(1969) changes 
Kurien et al.'" Closed chest mongrel 23.0 Triglyceride- Say 2* 5:1-16:1 Ventricular arrhythmias in 
(1971) dog; balloon disten- heparin 60% within 30 minutes 
sion of coronary 
artery 
Opie et al.!* Open chest greyhound X 3.0 Triglyceride- 4 3:1—9:1 No arrhythmias in absence 
_ (1971) dog; coronary heparin of catecholamine infusion. 
arterial ligation No increase in S-T segment 
| elevation 
Henderson et al.?$ Perfused rat heart 1.75 FFA bound to 2 6:1 Decreased contractility in 
(1970) linoleate perfusate albumin face of fixed coronary flow 
‘Henderson et al.?5 Rat papillary muscle 1—1.75 FFA bound to me-. 2 3:1—6:1 Decreased contractility 
~ (1970) linoleate dium albumin during hypoxia 
Opie!*? Perfused rat heart 0.5-2.8 Octanoate added None Infinitely high Heart block and bradycardia 
(1970) octanoate to perfusate 
Mjós'** Mongrel dog 3.0 Triglyceride- Say 2* 10:1 Increased O, uptake 
(1971) - heparin | 
Willebrands et al.?? Perfused rat heart 2—4 oleate; FFA bound to per- 4.5 3:1—6:1 Ventricular arrhythmias in 
(1973) 1-3 fusate albumin 1.5:1—4.5:1 most when FFA/albumin 
palmitate molar ratio exceeded 3:1— 
5:1 
Kjekshus & Mjés?” Mongrel dog, under- ail Triglyceride- Say 2* 12:1 Ventricular dilatation and 
E (1972) perfused left heparin lactate discharge 
ventricle 
Riemersma etal.5* Anesthetized dog; 1.5-2.0 Infusion of FFA/ 3 4:1—5:1 High incidence rate of side 
— (1974) balloon distension albumin effects (hypotension) 
of coronary artery in ischemic and in control 
ese experiments 
Kjekshus & Mjds?" Mongrel dog; open 3.2 Triglyceride- Say2* 10:1 Increased S-T segment eleva- 
~- (1973) chest, coronary heparin tion after pretreatment 
f arterial ligation with antilipolytic agents 
Wildenthal'®° Fetal mouse hearts 3.0 Bound to 35% Say 1-2 10:1-20:1 Decreases survival in ex- 
-. (1973) oleate or calf serum planted hearts 
i palmitate 
Kostis et al.?* Closed chest 3.0—5.0 Cotton-seed oil Say 2* | 10:1-17:1 No change in ventricular 
- (1973) mongrel dog and heparin fibrillation threshold 
Smith & Duce!*! Awake dog with 1.0 reduced Nicotinic acid Say 2* 3:1 reduced Reduced incidence of phase 
— (1974) coronary arterial to 0.6 analog to 2:1 IIl ventricular ectopic 
ligation and beats 
infarction; phase 
P I! arrhythmias 
Opie & Lubbe'®? Awake dog with 1.5—3.0 Triglyceride- 2 5:1—10:1 Ventricular fibrillation 
> (1974) coronary thrombosis heparin not precipitated 
ss and infarction; 
S phase II! arrhythmias 
de Leiris, et al.* Isolated perfused 0.5 Added to perfusate 3 1:4 Increased release of lactate 
-. (1974) working rat heart dehydrogenase when com- 
with coronary pared with glucose 
F arterial ligation 
Most et al.' 55 Closed chest pig; About 2.5 Triglyceride- Say 4 4:1 No increase in S-T segment 
(1974) balloon distension heparin (no elevation 
| aa of coronary artery data) 





ere Plasma albumin of 2 g/100 mi assumed for mongrel dogs.?? 


- Taken together, these experiments suggest that 


EE doiine activity could sensitize the heart to 


the effects of elevation of circulating free fatty acid 
levels. Such sensitization may be related to the ca- 
pacity of catecholamines to increase myocardial up- 
take of free fatty acids? or to stimulation of endoge- 


nous lipolysis i in the heart. 


FFA and Endogenous Lipolysis in Heart 


In the heart, triglyceride can be synthesized from 
free fatty acids (after activation) and alpha-glycero- 
phosphate, but also broken down by a catechol- 
amine-sensitive lipase to yield tissue free fatty acids 


and glycerol?*; this could be termed the “‘triglyceride- 


FIGURE 1. Patterns of glycolysis in regional ischemic 
(infarcting myocardium). Ischemia after coronary arte- Fi 
rial ligation causes a stimulation of the uptake of glu- 
cose (+) relative to that of free fatty acids (FFA) (=) 
and decreased uptake of oxygen.?" Absolute rates of 


glucose uptake are decreased.?? Increased break- FFA 


down of triglyceride (lipolysis) is accompanied by in- 
creased formation of intracellular free fatty acid some 
of which is released into coronary venous blood?" and 
some of which is reesterified with the help of alpha- 
glycerophosphate (aGP) derived from glycolysis.°*:°? 
Both breakdown and formation of triglyceride appear 

to be accelerated,°’-°% but absolute values are un- O2 
changed.*?: Decreased uptake of oxygen is associated 
with decreased delivery of oxygen (1 in schema) to the 
mitochondria and decreased removal of acyl coen- 
zyme A (CoA), formed from intracellular FFA (2 in 
schema). Acyl coenzyme A also accumulates because 
of decreased activity of the carnitine-dependent trans- 
ferase5? which normally transfers acyl coenzyme A 
into the mitochondria. Acyl coenzyme A is thought to 
inhibit the translocase transferring of adenosine tri- 
phosphate (ATP) from mitochondria to the cytoplasmic 
contractile sites4^?:59 (3 in schema), thereby aggravat- 
ing the ATP deficit in ischemia. 


FFA cycle" (Fig. 1). The original Kurien-Oliver hy- 
pothesis?6 of free fatty acid toxicity to the heart al- 
lowed for catecholamine stimulation causing break- 
down of myocardial triglyceride stores (endogenous 
lipolysis), thereby contributing to the postulated in- 
tracellular accumulation of free fatty acids. Measure- 
ments of specific activity of plasma free fatty acids 
entering and leaving the ischemic zone after coronary 
arterial ligation in the dog suggested a greater efflux 
from ischemic tissue.?? In the underperfused left ven- 
tricle, there was greater incorporation of labeled cir- 
culating free fatty acids into triglyceride and de- 
creased incorporation into tissue free fatty acids, in 
keeping with an increased tissue content of tissue 
alpha-glycerophosphate which could enhance rates of 
esterification.?939 Thus, present evidence suggests 
increased turnover rate of the triglyceride-FFA cycle 
(Fig. 1) in ischemic tissue. 

Indirect evidence for the participation of endogen- 
eous lipolysis in promoting effects of ischemia stems 
from the data of Kjekshus and Mjés? and Kjek- 
shus,28 who found that pretreatment by an antilipo- 
lytic agent, beta-pyridyl-carbinol, reduced S-T seg- 
ment elevation after coronary arterial ligation, de- 
creased “pump” failure and sensitized the heart to 
the effect of exogenous free fatty acids. Stimulation 
of endogenous lipolysis in the isolated rat heart by 
epinephrine increased oxygen uptake by about 50 
percent.*° | 

These data are consistent with but do not directly 
prove the hypothesis that endogenous lipolysis from 
net breakdown of myocardial glyceride could contrib- 
ute to progression of ischemic damage. 








i METABOLIC CHANGES IN MYOCARDIAL INF ARCTION—OPIE 
POSTULATED EFFECTS OF ISCHAEMIA 
ON GLUCOSE AND FFA METABOLISM 
TRIGLYCERIDE 


EH 


0, ER Cc 
/ 12 | 


EN . i 4 
"activation 





CONTRACTILE 
APPARATUS 


Cellular Mechanisms of FFA Effects 


Kurien and Oliver? postulated that free fatt 
acids could be related to arrhythmias by accumula 
tion of intracellular free fatty acids with a detergen 
effect on the cell membranes, thereby promotin 
egress of potassium ion. Others stressed the possibli 
effect of accumulated free fatty acids on mitochon 
drial metabolism, with uncoupled respiration‘! or ; 
decrease in the intracellular free calcium ion concen 
tration. However, increased amounts of free fatt 
acids have not yet been found in ischemic myocar 
dium,4? although conclusive negative studies woul 
require multiple biopsy sites ranging from infarc 
center to normal tissue, taken at various periods afte 
the onset of ischemia. | 

FFA and O» uptake of heart: The relation be 
tween increased oxygen uptake of the heart and fre 
fatty acids as substrate is open to debate.*?-^5 An ex 
treme change from sole use of free fatty acids to sol 
use of glucose would change the ratio of energy prc 
duced (phosphorylation) to oxygen taken up (PA 
ratio) from about 2.85 to 3.15, that is, by about 1 
percent. Data relating the oxygen uptake of the nor 
mal human heart to free fatty acid uptake*® fall with 
in this prediction. However, in the perfused rat hear 
free fatty acids as the sole substrate increased th 
oxygen uptake by about 40 percent,*? probably as 
result of stimulation of nonphosphorylating (oliomy 
cin-insensitive) pathways*’ that account for oxyge 
uptake but not adenosine triphosphate (ATP) pre 
duction and are thus measured as an impaired P/( 
ratio. À conclusive relation between increasing circt 
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| TABLE II 


í Relation of Free Fatty Acid Concentration and FFA/Albumin Molar Ratios to “Toxic” Effects in Myocardial Infarction in Man 


Albumin 

à Concen- 
fe FFA Con- tration FFA/AI- 
: , centration Method of (9/100 — bumin 
r Authors Clinical Material (mM) Change of FFA ml) Ratio Effects 
| Oliver et al.' Patients with acute 1.2 None Say 4 2:1 Association with arrhythmias - 
.. (1968) myocardial infarction 
; Gupta et al.* Patients with acute 1.0 None Say 4 1.7:2 Association with arrhythmias 
zi (1969) arrhythmias j 
Rutenberg et al.!! Patients with acute myo- None Say 4 No association with arrhythmias 
- (1969) cardial infarction 
A Nelson? Patients on first day of 2.0 Heparin Say 4 3:1 No arrhythmias precipitated by 
(1970) acute myocardial heparin; no relation of initial FFA 
sg | ; infarction and arrhythmias 
Russo et al.'$ Patients within 48 hours 1.8 Heparin Say4 3:1 No arrhythmias after heparin 
— (1970) of onset of symptoms 
Á eS of myocardial infarction 
Reimann & Schwandt? Patients with acute 2.0 ? Heparin Say 4 3:1 Serious arrhythmias; ventricular 
—. (1971) myocardial infarction; — —3.0 (no definite 5:1 fibrillation 
See oe some treated with details) 
E. heparin 
Ravens & Jipp!? Patients within 24 hrs 1.6 None Say 4 3:1 No association between arrhythmias 

(1972) of onset of symptoms with total FFA concentration; 
4 but with relative concentration 

2, of linoleate 
Prakash et al.!? Patients within 24 hrs 1.1 None Say4 19:1 Correlation between FFA and com-: 
- (1972) of onset of symptoms plications such as left ventricular 
» failure, arrhythmias, shock, death 
 Hagenfeldt & Wester!5 Patients on admission 0.8 None Say 4  1.4:1 No association with arrhythmias 
. (1973) with myocardial 
n | infarction 
Rowe & Oliver? Patients within 4 hours 1.0-1.5 FFA decreased Say 4 1.7:1—3:1 Decreased incidence of ventricular 
- (1974) of onset of symptoms by nicotinic acid arrhythmias 
RP analog 


5 x * In the majority of studies, exact albumin values are not reported and can only be inferred. Our recent measurements on patients show a 
mean albumin concentration of 4.1 g/100 ml on the 1st day of infarction and 3.8 9/100 ml on the 2nd day.!55 
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lating free fatty acid concentrations or increased 
rates of lipolysis in the ischemic or infarcting heart 
and decreased mitochondrial metabolism remains to 
‘be shown. 

“FFA and impaired ATP production: Recent data 
have suggested a second mechanism for free fatty 
acid “toxicity” involving impaired production of 
ATP. Intracellular free fatty acids, derived from ex- 
ogenous free fatty acids or endogenous lipolysis, can 
readily be activated to long-chain esters? (acyl coen- 
zyme A), that are likely to accumulate in ischemia. 
Acyl coenzyme A accumulation could in turn inhibit 
the translocase mechanism? whereby heart mito- 
chondria take up adenosine diphosphate (ADP) and 
extrude ATP; the inhibition can be reversed by carni- 
tine. A high concentration of acyl coenzyme A may 
also contribute to inhibition of the transferase en- 
zyme transporting acyl coenzyme A into mitochon- 
dria.?' Acyl coenzyme A also inhibits the affinity of 
the mitochondrial phosphorlyation system for added 
ADP.*° After coronary arterial ligation, there is de- 
pressed activity of the carnitine-dependent mito- 
chondrial enzyme that transfers acyl coenzyme A into 
the mitochondrial matrix??; consequently there could 
be further accumulation of acyl coenzyme A. The lat- 
ter could also be produced from triglyceride stores by 
catecholamine-stimulated lipase activity, thereby 


t 


providing an explanation of the interaction of cate- 
cholamine activity, endogenous lipolysis and exog- 
enous free fatty acids in producing features of lipid 
"toxicity." It has also been postulated that cardiac 
accumulation of lipid as triglyceride, as known to 
occur around the border of infarct tissue and in many 
pathologic conditions, may be detrimental to the 
function of the heart.5?? 

FFA and action potential of ischemic myocar- 
dium: A third possible mechanism for free fatty acid 
effects relates to recent electrophysiologic evidence 
suggesting that cytoplasmic ATP produced by glycol- 
ysis is required to maintain the duration of the pla- 
teau of the action potential.5*5^ In ischemia it is like- 
ly that mitochondrial ATP production is decreased; 
if, in addition, free fatty acids were the predominant 
exogenous fuel, production of cytoplasmic ATP from 
glycolysis would become critically decreased and, 
when the plateau became shortened, ectopic activity 
might increase. However, data on the effect of free 
fatty acids on glycolysis and on the action potential 


of the ischemic myocardium remain to be gathered. 


Unphysiologic free fatty acids with unusual chain 
length and configuration such as erucic acid, derived 
from rape seed oil, may be more *'toxic" to the heart 
than physiologically occurring free fatty acids,?? ap- 
parently because intracardiac accumulation of deriv- 


atives of erucic acid blocks the role of carnitine in ox- 
idation of normal free fatty acids such as palmitate.*® 


Clinical Implications 


The free fatty acid concentrations and FFA/albu- 
min molar ratios found to be “toxic” in animal exper- 
imental preparations have been compared with those 
found in patients (Tables I and II). Only in the case 
of studies relating free fatty acids to infarct size has 
an effect been found at free fatty acid concentrations 
and FFA/albumin molar ratios relevant to those re- 
ported in patients with acute infarction. An excep- 
tion in the case of arrhythmias is the study showing a 
decreased incidence of ventricular ectopic beats in 
relation to the action of a free fatty acid-reducing 
agent 48 hours after coronary arterial ligation in the 
dog; however, we could not promote the development 
of ventricular fibrillation in a similar preparation 
with gross elevation of the arterial free fatty acid 
level by triglyceride-heparin injections. In our experi- 
ence this phase of arrhythmias (Harris phase III) is 
harmless in the dog, ends spontaneously and does not 
resemble the patterns of arrhythmia found in pa- 
tients with infarction. 

FFA, antilipolytic therapy and postinfarction 
arrhythmias: Critically important observations are 
now being made by Rowe and Oliver,’ who have pre- 
liminary evidence that antilipolytic therapy can re- 
duce the incidence of ventricular tachycardia in pa- 
tients, provided that such therapy is started within 5 
hours of the onset of symptoms. The plasma free 
fatty acid values in the studies of Riemersma et al.°® 
were reduced from initial levels of only 1,000 to 1,500 
uEq/liter; such levels are not arrhythmogenic in ani- 
mal preparations except when free fatty acids are 
given directly as FFA-albumin, a preparation that 
caused profound hypotension and arrhythmias even 
in the control dogs of Riemersma et al.58 Hence there 
is a real possibility that the free fatty acid levels 
found in man are not by themselves arrhythmogenic. 
Blood free fatty acid values might be only one of a se- 
ries of factors facilitating the development of ar- 
rhythmias in the infarcting myocardium. Such fac- 
tors include loss of potassium ion and a high coronary 
venous concentration of potassium ion,°? size and 
location of the infarct,®° stretch,®! inhomogeneity of 
blood flow,®2 catecholamine activity (see later), intra- 
cellular acidosis (see later) and variations in circulat- 
ing levels of potassium, calcium and magnesium 
ions! Should the clinical observations of Rowe et 
al^? be substantiated, free fatty acids could be con- 
sidered to be the “last straw" precipitating arrhyth- 
mias against a background of complex predisposing 
factors, among which catecholamine activity could be 
of major importance (see preceding). 

In summary, evidence that free fatty acids in the 
concentrations found in patients are arrhythmogenic 
hangs in the balance, and the scales may be tipped by 
the results of clinical trials now in progress. Evidence 
that elevation of circulating free fatty acid levels in- 
duced by catecholamines can extend the size of ex- 
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perimental infarcts has been obtained with elevated 
free fatty acid levels relevant to man. To date, all 
studies with inhibitors of lipolysis have shown an ef- 
fect in minimizing complications of acute myocardial 
infarction. Cellular mechanisms for free fatty acid ef- 
fects may include accumulation of acyl coenzyme A 
with inhibition of energy transfer from mitochondria 
and decreased transfer of acyl coenzyme A into mito- 
chondria. At present the balance of arguments 
suggests that low rather than high free fatty acid con- 
centrations would be more beneficial to patients with 
acute myocardial infarction. 


Il. Glucose 
Early Observations 


The therapeutic use of glucose or glucose-contain- 
ing carbohydrates in heart disease has been in inter- 
mittent favor since the early years of this century 
when oral intake of cane sugar was recommended on 
empirical grounds.® By 1914, Büdingen** provided a 
rationale based on the role of glucose as myocardial 
fuel and the association of glycogen depletion with 
various forms of heart disease. By the early 1930’s, 
the discovery of insulin and the clearer description of 
angina pectoris and myocardial infarction led to sug- 
gestions for the therapeutic use of glucose and insulin 
in ischemic heart disease. The addition of potassi- 
um to glucose and insulin to constitute a therapeutic 
mixture was a logical step to avoid hypokalemia 
caused by the intracellular transfer of potassium as- 
sociated with the use of glucose and insulin. 


Glucose-Insulin-Potassium Therapy 


Experimental basis: It was Sodi-Pallares et al. 
who actively advocated the use of glucose-insulin- 
potassium in ischemic and other forms of heart dis- 
ease. They argued that potassium loss was an impor- 
tant part of the cellular reaction to ischemia and was 
associated with “depolarization.” Infusion of glucose- 
insulin-potassium was thought to return potassium 
ion to the ischemic cells and to help “repolarize”’ the 
cells, thereby minimizing an important effect of isch. 
emia and helping to prevent arrhythmias. One re: 
view®’ of such therapy for myocardial infarction con: 
cluded there was no evidence (1) that the ischemic 
zone contained fibers that lost only a portion of thei 
potassium, or (2) that infusion of glucose-insulin-po 
tassium could restore potassium in such fibers. How 
ever, evidence favoring these hypotheses has bee: 
provided by the Sodi-Pallares group,95-7? whi 
showed that treatment with glucose-insulin-potassi 
um could increase cell or mitochondrial potassium 
ion in the ischemic zone.9??7? Regan et al.°? showec 
that glucose-insulin-potassium reversed cumulativi 
potassium ion loss from the ischemic myocardiun 
and greatly reduced the incidence of ventricula 
tachycardia and fibrillation. If potassium loss is ; 
progressive phenomenon"! and if glucose-insulin-po 
tassium therapy can restore tissue potassium and mi 
tochondria to normal,8?/79 it is difficult to accept Su 
rawicz's alternate postulate®’ that the area depletet 
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of potassium ion consists of some cells with normal 
potassium ion and other cells with total loss of potas- 
sium ion. 

Recent blood flow studies in experimental models 
.of myocardial infarction in the dog’? and baboon®2 
have shown that there is a gradation of blood flow 
changes, ranging from very low flow rates in the cen- 
ter to relatively high flow rates at the periphery of 
the infarct zone. Thus the theoretical conditions re- 
quired by Surawicz®’ for effectiveness of glucose-in- 
sulin-potassium in replenishing potassium ion in 
poorly perfused cells appear to be met. 

Clinical data: Why, then, have the concepts of the 

.Sodi-Pallares group not been widely accepted? First, 
because the patient data have not been published in 
full and preliminary results have not been conclusive. 

In their early clinical report Sodi-Pallares et al.®® 
found decreased S-T segment elevation in 3 of 10 pa- 
tients treated with glucose-insulin-potassium but in- 
creased S-T elevation in 2 of the group. In another 
study,’* glucose-insulin-potassium appeared to abol- 
ish residual angina and hasten the evolution of elec- 
trocardiographic changes but left unchanged the inci- 
dence of arrhythmias and many other complications. 
Second, some of the published studies tended to 
carry more theoretical than factual evidence for the 
use of glucose-insulin-potassium.?4 

Third, theoretical links between potassium ion loss 
and arrhythmias led to an emphasis on possible rela- 
tions between glucose-insulin-potassium and the de- 
velopment of arrhythmias. Experimentally, potassi- 
um ion loss from the ischemic dog myocardium could 
be one of the factors precipitating arrhythmias,°? but 
reversal of such potassium ion loss in this model 
could be achieved not only by administration of glu- 
cose-insulin-potassium but also by infusion of hyper- 
tonic saline and sucrose solutions,’ thus suggesting 
that acute increments of extracellular volume could 
influence myocardial potassium ion transport. It 
should be noted that readily measurable decrease of 
tissue potassium ion does not occur for at least 1 to 2 
hours after the onset of ischemia."! Even coronary 
local venous potassium ion values need not be closely 
correlated with postocclusion arrhythmias.®:76 Thus, 
no simple relation might be expected between the ef- 
fects of glucose-insulin-potassium on potassium ion 
movements and arrhythmias. 

Fourth, the conflicting results of many other stud- 
ies created an air of doubt. Encouraging reports of 
the use of glucose-insulin-potassium in patients were 
often open to criticism because of imperfect design of 
the trials or because of comparison with retrospective 
data.’’ On the other hand, the negative results of the 
Medical Research Council trial in Britain?? were also 
open to major criticism’? and the group did not use 
the doses recommended by Sodi-Pallares et al.80 
Thus it is not surprising that the use of glucose-insu- 
lin-potassium for myocardial infarction has not yet 
become widespread in Anglo-American medical prac- 
tice. 


Recent studies: Four recent developments have 
rekindled interest in glucose-insulin-potassium infu- 
sions. First, well documented experimental studies 
have shown an effect of such infusions in reducing in- 
farct size (see later). The end point of many previous 
studies had been arrhythmias, and the possibility of 
glucose-insulin-potassium altering infarct size was 
not clinically studied. Second, the clinical studies of 
Allison et al.! in a small group of patients with con- 
gestive heart failure have shown that glucose-insulin- 
potassium can cause ionic shifts of the variety pro- 
posed by Sodi-Pallares. Third, theoretical arguments 
have been advanced that increased provision of glu- 
cose might be important for salvaging ischemic tis- 
sue.7?? Fourth, the current emphasis on very early 
metabolic therapy for myocardial infarction inval- 
idates the findings in previously reported clinical 
trials. For example, some of the studies of Sodi-Pal- 
lares et al.’° were started as long as 5 days after ad- 
mission. 


Glucose-Insulin-Potassium and Infarct Size 


The work of Sodi-Pallares had already suggested 
that glucose-insulin-potassium could decrease infarct 
size because it is known that the degree of S- T eleva- 
tion after coronary arterial occlusion can be related 
to the extent of the tissue necrosis. However, the def- 
inition of infarct size in those early studies was far 
from perfect. The recent study of Maroko et al.9? 
firmly shows an effect of glucose-insulin-potassium 
in decreasing infarct size in dogs. In baboons, we 
found that if glucose-insulin-potassium were given 
within the 1st hour of coronary arterial ligation, tis- 
sue contents of high energy phosphate compounds in 
the infarcting myocardium were improved.54 In dogs 
given glucose-insulin-potassium infusions over 6 
hours, there was also increased tissue glycogen in all 
zones, ATP and creatine phosphate in the infarcted 
zone, and improved potassium/sodium ion ratio (an 
index of the degree of necrosis) in the border zone.95 
Thus, animal studies suggest that glucose-insulin- 
potassium favorably influences the infarct process. 


Cellular Mechanisms 


Patterns of glycolysis in myocardial ischemia: 
Several mechanisms, in addition to the Sodi-Pallares 
concept of replacement of tissue potassium ion, have 
been suggested to explain the effects of glucose-insu- 
lin-potassium on ischemic myocardium. First, in- 
creased glycolytic flow could produce increased an- 
aerobic energy. Work with the isolated perfused rat 
heart®® has shown that anoxia accelerates glucose 
transport while the rate of anaerobic glycolysis in- 
creases by relief of inhibition of the key glycolytic en- 
zyme phosphofructokinase as a result of changes in 
the cellular contents of high energy phosphate com- 
pounds. In such circumstances, the survival of the 
heart could be related to the supply of exogenous glu- 
cose as fuel.?? Suggestions of a similar increase in glu- 
cose metabolism, relative to that of free fatty acids, 
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FIGURE 2. Diagram showing the postulated relation between glycolytic flux'59 and regional ischemia after coronary arterial ligation. In nonisch. 
emic tissue, with an isoelectric epicardial S-T segment,9?:159 glucose taken up by the heart cells is converted to pyruvate and then to carbor 
dioxide and water by aerobic respiration; there is no net glycogen breakdown.35:97 In mild ischemia, with some epicardial S-T segment eleva 
tion,®3:157 glucose and glycogen are converted to pyruvate, some of which is oxidized and some of which forms lactate; these are features o 
mixed anaerobic and aerobic metabolism.?7 It is only in very severely ischemic tissue, with maximal epicardial S-T segment elevation,®*: 15 
where glucose uptake is minimal and glycogen is the major source of glycolysis??.!59 that pyruvate is entirely converted to lactate. Intracellula: 
acidosis inhibits glycolysis at the level of the enzyme phosphofructokinase*9.90. 156; relatively inhibited anaerobic respiration follows, but glycoger 
is still broken down. Because collateral blood flow persists for at least 6 hours even in central infarct zones, '°© mixed aerobic and anaerobic 
metabolism will occur in subtotal ischemia with mitochondrial synthesis the major source of ATP. Zones of different severity of damage afte 


myocardial infarction can be separated by microsphere flow studies,? tissue metabolic studies,94.159 epicardial S-T segment changes, 9.89.15 
venous cannulation techniques?7:155 and pathologic criteria. The division of zones in this figure is purely schematic; no direct relation betweet 
the degree of S-T segment change and type of metabolism (anaerobic versus aerobic) has yet been shown. 


were found after coronary arterial ligation in the 
dog.?758 By analogy it was argued that a therapeutic 
increase in the supply of glucose could be of critical 
importance for the survival of those parts of infarct- 
ing myocardium perfused by the residual collateral 
circulation.79:552 However, there were obvious difficul- 
ties in these arguments. 

In totally ischemic tissue with no collateral blood 
flow, it was difficult to visualize how exogenous glu- 
cose could contribute to the production of anaerobic 
energy. In severely ischemic tissue, evidence from 
both the whole heart ischemic model of Neely's 
group?? and from the infarcting dog myocardium?? 
suggests an initial rapid acceleration of glycolysis, 
followed by inhibition at the level of the rate-control- 
ling enzyme phosphofructokinase probably as a re- 
sult of accumulation of hydrogen ion (Fig. 2). Similar 
conclusions have been reached during total myocar- 
dial ischemia (zero coronary flow).9! The postulated 
harmful effects of intracellular acidosis include acti- 
vation of lysosomes,?? inhibition of the interaction of 
calcium with the contractile proteins?? and increased 


binding of intracellular free calcium by the sarcoplas 
mic reticulum and mitochondria.?^ Nevertheless, gly 
colytic flux from glycogen must continue, as show! 
by glycogen depletion in central infarction areas 
Thus the rate of glycolytic flux in severe ischemia i 
determined not only by the supply of substrate (glu 
cose versus glycogen) but also by the properties o 
the enzymes of glycolysis?! and in particular the re 
sponse of phosphofructokinase. 

In better perfused borderline tissue (Fig. 2) if glu 
cose could reach the infarcting myocardium, then s 
could oxygen, and the metabolism would be both an 
aerobic and aerobic in character. In a system de 
signed to give information on those ischemic cells re 
ceiving collateral flow and draining into the loca 
vein, coronary arterial ligation decreased free fatt 
acid uptake relative to that of glucose by ischemi 
tissue and glycolytic flux remained the major sourc 
of energy.?758 Thus, both anaerobic and aerobic ener 
gy production from glucose were increased in bette 
perfused tissue after coronary arterial ligation. A 
present there is no conclusive evidence that the addi 
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tion of glucose-insulin-potassium could further in- 
crease glycolytic flux in any part of the ischemic 
myocardium although arteriovenous differences of 
glucose across the heart increase after glucose-insu- 
lin-potassium.®° However, there is evidence that glu- 
cose-insulin-potassium can spare glycogen in devel- 
oping infarction,?^5^ thereby possibly preventing po- 
tassium loss and protecting against anoxia. 

Glucose-insulin-potassium and lipid metabo- 
lism: A second possible mechanism of action of glu- 
cose-insulin-potassium metabolism could be interac- 
tion with lipid metabolism. Because glucose given in- 
travenously or orally reduces circulating free fatty 
acids in patients with acute myocardial infarction,56 
it could be held that glucose-insulin-potassium acts 
on adipose tissue to inhibit lipolysis and to reduce 
circulating free fatty acid concentrations from 
“toxic” levels; the concept of free fatty acid “toxici- 
ty" has already been discussed. Acting at a cellular 
level, glucose-insulin-potassium might promote gly- 
colysis and provide an increased supply of alpha-gly- 
cerophosphate???? for reesterification of intracellular 
free fatty acids, thus removing the postulated free 
fatty acid or acyl coenzyme A accumulation in isch- 
emia (Fig. 1). 

Hyperglycemia and blood osmolarity: Third, in 
several of the reported studies, hyperglycemia oc- 
curred and increased blood osmolarity was probable; 
it should be noted that the use of mannitol also ap- 
peared to diminish the consequences of myocardial 
ischemia.9596 But the increase in osmolarity required 
for such effects may be more than 60 mOsm accord- 
ing to studies on hypoxic papillary muscle.?7 

Elevation of plasma volume and nonischemic 
tissue: Fourth, Burke et al.” suggested that glucose 
and nonglucose infusions could have as a common 
mechanism of action an acute elevation of plasma 
volume with an inotropic left ventricular response. 
Fifth, glucose-insulin-potassium may act by altering 
metabolism in noninfarcting relatively well perfused 
myocardium,*?^ which is known to undergo metabolic 
changes during acute coronary arterial ligation.98 
. Insulin effects: Sixth, glucose-insulin-potassium 
may act in part by increased provision of insulin. In 
acute myocardial infarction there is insulin resistance 
and a circulating insulin level inappropriately low in 
relation to the elevated blood sugar.9?.!0 Hence, if 
glucose were to act by crossing the cell membrane, it 
would seem logical to add insulin. However, insulin 
may have effects independent of glucose transport, 
such as enhanced membrane polarization in skeletal 
muscle,!®! inhibition of lysosomal activity in hypoxic 
heart tissue,!0? and (in massive doses) inhibition of 
postocclusion arrhythmias.!0? In ischemic rat hearts 
perfused with glucose, insulin may enhance the rate 
of lactate accumulation in ischemic tissue,®? suggest- 
ing intracellular acidosis. It is not known whether cel- 
lular metabolism improves as a result of concomitant 
glycolytic adenosine triphosphate production or dete- 
riorates from the presumed acidosis, but studies in 
dog hearts infused with glucose-insulin-potassium 


after coronary aterial ligation show metabolic im- 
provement rather than deterioration.®° Our data also 
show a clear effect of glucose and insulin in limiting 
release of lactate dehydrogenase from the isolated rat 
heart perfused with fatty acid after ligation of the 
left coronary artery?'; there was also an effect of in- 
sulin when the perfusate contained only free fatty 
acids as substrate. 

Clinical implications: Much more needs to be 
known about glucose-insulin-potassium and the sep- 
arate contributions of glucose, insulin and potassium 
to the effect on the infarcting myocardium. The stud- 
ies of Maroko et al.5? show that glucose alone was 
nearly as effective as glucose, insulin and potassium 
in reducing infarct size after coronary artery ligation 
in dogs, thus suggesting that glucose is the most im- 
portant component in glucose-insulin-potassium 
therapy. Furthermore, Regan et al.°? showed that in- . 
sulin only transferred potassium ion into the isch- 
emic zone in the presence of hyperglycemia. The 
findings of beneficial effects on infarct size in the 
dog,5955 increased high energy phosphate compounds 
in the baboon* and decreased release of enzyme in 
the isolated rat heart?! (all with coronary arterial li- 
gation), together with the earlier data of Sodi-Pal- 
lares et al., all suggest that it is worth persevering 
with studies to elucidate the possible mechanism of 
the beneficial effect of glucose-insulin-potassium in 
greater detail with the aim of providing a rational 
rather than empirical form of therapy. Further clini- 
cal trials, with infarct size as an end point, are also 
required. 


Ill. Catecholamines 


Catecholamine Metabolism in Acute Myocardial 
Infarction 


Psychologic stress: The patient with the sudden 
onset of chest pain caused by acute myocardial in- 
farction suffers from both physical and psychologic 
distress. One may expect all the metabolic derange- 
ments characteristic of acute psychologic stress,!?4 
including an acute release of catecholamines. In 
healthy people urinary or blood catecholamine values 
can change quickly and markedly in response to 
stress. In sexual arousal or in physical stress such as 
simulated battle conditions!?4^ urinary catecholamine 
secretion rates can approach those found in milder 
cases of myocardial infarction. Immediately after the 
severe emotional stress of racing-car driving,!?? plas- 
ma concentrations of both noradrenaline and adrena- 
line (mean values 3.5 and 0.6 ug/liter, respectively) 
equal or exceed those found in the blood of patients 
who have had a myocardial infarction. Measurements 
of plasma and urinary catecholamines suggest greatly 
increased catecholamine secretion rates in the first 24 
hours after the onset of chest pain,?9:106 with the 
greatest rate of rise of plasma catecholamines in the 
lst hour of the onset of myocardial infarction.!9? An 
association between psychologic stress and blood and 
urinary catecholamine concentration is suggested by 
the increased urinary values found when patients are 


transferred from coronary care units to other 
wards, 107,108 

Free fatty acids and catecholamine levels: It 
has been suggested that the blood level of noradrena- 
- line plays a major role in the regulation of the circu- 
lating free fatty acid concentrations and that emo- 
tional stimuli increase noradrenaline rather than 
adrenaline values.!9? In contrast, exercise-induced el- 
evation of both noradrenaline and adrenaline is pos- 
tulated to be less harmful to the heart because exer- 
cise utilizes the circulating free fatty acids and de- 
creases the concentration, whereas emotion elevates 
these values.!0? However, a relation between circulat- 
ing adrenaline and free fatty acid values is also re- 
ported.!!? Urinary catecholamine values (which are 
considerably easier to measure than blood catechol- 
amine values) show a better relation between circu- 
lating free fatty acids and adrenaline than noradren- 
aline values after myocardial infarction. Infusion of 
adrenaline is followed by a rise in plasma free fatty 
acid values closely corresponding to blood adrenaline 
concentrations, but with noradrenaline infusions the 
relation to the rise in free fatty acids is not so 
clear.196 

Parasympathetic nervous system: On clinical 
grounds, Webb et al.!!! recently suggested a prepon- 
derance of parasympathetic discharge in about two 
thirds of patients seen very early after the onset of 
infarction. Little is known about the role of the 
parasympathetic nervous system in precipitating ar- 
rhythmias but bradycardia in response to vagal stim- 
ulation may facilitate the development of ectopic 
beats!!2 and fatal arrhythmias.!!?!!^ Nevertheless, 
the clinical finding of an apparently predominant 
parasympathetic reaction does not exclude increased 
catecholamine secretion rates.? 


Catecholamines and Arrhythmias 


The occurrence of serious arrhythmias has been 
linked with increased urinary catecholamine concen- 
trations in patients with acute myocardial infarction.9:!^- 
117 Tn patients with well maintained renal function, 
there is a good relation between urinary and blood 
catecholamine concentrations!; hence, there is also 
a relation between blood catecholamine concentra- 
tions and arrhythmias. Valori et al!!? have also 
shown that peaks in values of both noradrenaline and 
adrenaline concentrations (and of free fatty acids) 
could be related to the onset of arrhythmias, and 
Siggers et al.109 found a relation between ventricular 
ectopic beats and peak plasma adrenaline values. 
One report!!? has suggested that total catecholamine 
concentrations in the blood do not have a close tem- 
poral relation to early arrhythmias. However, in that 
report, adrenaline only constituted about 1/30 of the 
total measured blood catecholamines, which is a 
much lower fraction than that found in many other 
studies. Also, using a double isotope technique, 
Siggers et al.!°8 found blood adrenaline values to be 
considerably higher and about one half or more of the 
noradrenaline values; Valori et al.!!? used a modified 
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and very sensitive fluorometric technique and found 
that plasma adrenaline concentrations were about. 
one third those of noradrenaline. Such large dis- 
crepancies in blood adrenaline values in myocardial 
infarction indicate that present measurements of. 
blood adrenaline concentrations are open to ques- 
tion. Nevertheless, the overall data suggest a real 
relation between catecholamine concentrations and. 
arrhythmias. 

The catecholamine secretion rate, rather than the 
blood or urinary concentration, has been related to 
early arrhythmias in the dog by Ceremuzynski et 
al.119 Videbaek et al.!!8 argue that their estimated se- 
cretion rate of catecholamines was only 0.3 ug/kg per 
min and that this is *very unlikely" to produce ar- 
rhythmias in experimental myocardial infarction. 
However, Ceremuzynski et al!!? found catechol- 
amine secretion rates of this order to be associated. 
with arrhythmias in dogs. S. 

There can be no doubt that catecholamine infu- 
sions in sufficient doses can precipitate arrhythmias 
in experimental myocardial infarction. Even 4 days 
after coronary arterial ligation, catecholamine ad- 
ministration provoked ectopic activity.!!? A critical 
point is whether catecholamines act largely through 
elevation of circulating free fatty acids or by stimula- 
tion of myocardial lipolysis or by mechanisms not in- 
volving lipid metabolism (see later). 


Catecholamines and Infarct Size 


The production of ischemia by coronary arterial 
occlusion leads to potassium and inorganic phos- 
phate loss into coronary venous blood, but the infu- 
sion of low subpressor doses of noradrenaline can re- 
turn potassium and phosphate levels to normal.!?9 
Our experiments showed that after occlusion of a 
very small branch of the coronary artery, there was a 
detectable rise in venous potassium and phosphate 
concentrations, but minimal electrocardiographic 
changes; then adrenaline was infused at rates similar 
to the secretion rates found in dogs with much larger 
infarcts,!!>121 whereupon there was a prompt in- 
crease in the epicardial S-T segment elevation (in 
confirmation of the findings of Raab et al.!??) and 
further potassium and phosphate loss.!?? The infu- 
sion of catecholamines produced a metabolic result 
similar to that of ligation of a larger artery. Infused 
adrenaline may harm the noninfarcted myocardium, 
as evidenced by depletion of enzymes.!?^ Further evi- 
dence for a role of catecholamines in the determina- 
tion of the outcome of experimental myocardial in- 
farction is that when propranolol is given to dogs 
after coronary arterial ligation, there is decreased 
S-T segment elevation?? and decreased tissue necro- 
sis.125 Propranolol (0.1 mg/kg) given intravenously to 
patients with recent acute myocardial infarction un- 
complicated by left ventricular failure also decreased 
metabolic damage as shown by improved lactate ex- 
traction.!?6 1 

In even larger doses, catecholamines may (1) pro- 
duce large scale infarct-like necroses even in the total 


absence of coronary arterial narrowing, as shown by 
Rona et al.!?7; (2) cause uncoupling of mitochondrial 
respiration!?*; and (3) give rise to “oxygen-wast- 
age.”!29 Catecholamine-induced cardiac necrosis in 
. rats is in part prevented by treatment with an anti- 
_ lipolytic agent,!*° thus suggesting that stimulation of 
. cardiac lipolysis*? or increased uptake of circulating 
—. free fatty acids, or both, could play a role in the gene- 
sis of necrosis. 
_ These data suggest that dose effects may be impor- 
. tant in the metabolic response of the ischemic area to 
. catecholamines in dogs. In addition, epicardial S-T 
Segment elevation after coronary arterial ligation was 
. also decreased by smaller doses of catecholamine (le- 
 varterenol, 0.1—0.2 uwg/kg per min, and epinephrine, 
-0.5 ug/kg intravenously),?! while S-T elevation was 
- increased by larger doses (norepinephrine 5-25 ug/kg 
intravenously).'?? 
Determinants of catecholamine effects in in- 

. farction: There are several other important determi- 
- nants of catecholamine effects in experimental in- 
-. farction. First, the functional status of the left ventri- 
cle is relevant because small doses of isoproterenol 
could sometimes produce a positive inotropic effect 
— without increasing the severity of ischemic damage in 
the dilated failing heart.!?? Second, the relative de- 
 grees of alpha and beta adrenergic stimulation may 
. be important.!?? Alpha adrenergic stimulation causes 
~ increased systemic hypertension, which could have 
- both beneficial effects on infarct size (increased coro- 
. nary perfusion pressure) and harmful effects (in- 
. creased oxygen demand from increased afterload). 
. Experimentally, methoxamine given to dogs with ap- 
. parently similar infarcts increased infarct size in one 
set of experiments?? and decreased it in another.!?? 
 'The improvement found in hypertensive patients 
"with acute myocardial infarction after the use of 
_ phentolamine!?^ indicates that alpha adrenergic 
Stimulation can have overall harmful effects in cer- 
_ tain patients with myocardial infarction. Beta adren- 
. ergic stimulation may increase the oxygen demand of 
the ischemic zone, decrease coronary perfusion pres- 
— sure and increase the heart rate; hence, isoproterenol 
(0.25 to 0.50 ug/kg per min) increased infarct size in 
- dogs.??193 On the other hand, mixed alpha and beta 
adrenergic stimulation by norepinephrine (4 ug/min) 
"increased coronary perfusion pressure, decreased 
heart rate and caused a sustained increase in the con- 
. tractility of the border zone, suggesting that the in- 
. ereased oxygen demand was balanced by an increased 
— oxygen supply.'?? In the presence of global left ven- 
-. tricular ischemia, norepinephrine (0.4 ug/kg per min) 
- increased contractility, coronary perfusion and ven- 
_ tricular function.!?? 
-~ Third, catecholamine effects on heart rate also 
need consideration. In patients, the optimal heart 
rate after acute myocardial infarction may be be- 
tween 60 and 80 beats/min,!!^ and reduction of the 
heart rate by beta adrenergic blockade is associated 
with decreased S-T segment displacement.!?9 Tachy- 
cardia can worsen the development of experimental 
ischemia!?? and may even increase infarct size 14 to 


72 hours after the constriction of a coronary artery in 
dogs.!?? To separate the chronotropic and inotropic 
effects of catecholamines, Kannengiesser et al.!39 
used an isolated rat heart model of myocardial in- 
farction to show that an increased heart rate induced - 
by pacing or isoproterenol led to acute cardiac fail- 
ure; at a constant and paced heart rate, the initial in- — 
otropic stimulus of isoproterenol was also followed by 
cardiac failure; thus, both inotropic and chronotropic 
effects increased myocardial damage. 

Finally, the degree of expression of catecholamine 
activity may be masked by simultaneous reflex vagal 
activity.!4° 


Cellular Mechanisms for Catecholamine Effect 


Catecholamine-induced worsening of ischemia is 
thought to result from an increasing disparity be- 
tween the oxygen supply and demand of the ischemic 
tissue. In normally oxygenated hearts catecholamine 
stimulation leads to increased breakdown of glycogen 
and endogenous lipid. In the ischemic myocardium 
products of glycolysis and lipolysis (hydrogen ions 
and acyl coenzyme A) which are normally removed 
by oxidative metabolism would tend to accumulate. 
As already reviewed, both hydrogen ion and acyl 
coenzyme A accumulation are harmful to ischemic 
tissue. Catecholamines may impair the residual oxi- 
dative metabolism of ischemic tissue by several 
mechanisms, including an inotropic effect of cate- 
cholamines on the ischemic myocardium in the face 
of unchanged oxygen delivery, and impaired mito- 
chondrial function with a decreased phosphorylation- 
oxidative ratio.!?? In addition, increased entry of cal- 
cium ions, a consequence of catecholamine stimula- 
tion of the heart cell, is thought to be an important 
factor in the production of ischemic necrosis.!4! 
These effects could explain deterioration of infarct- 
ing and noninfarcting myocardium when catechol- 
amines in sufficient doses reach the myocardial cell. 
The source of such catecholamines could be either in- 
creased circulating catecholamines or catecholamines 
released from the ischemic tissue.!4? 

Possible links between catecholamine activity and 
arrhythmias are: (1) stimulation of lipolysis?5; (2) in- 
creased potassium loss (see earlier); (3) increased pe- 
ripheral vascular resistance with systemic hyperten- 
sion! ^!!?; and (4) slowing of conduction resulting 
from catecholamine-associated depolarizations in- 
duced by the inward calcium current.!^? The arrhyth- 
mogenic action of catecholamines may be multifacto- 
rial in origin. 

Comparison with Other Inotropic Agents 


While it would seem simplest to assume that all in- 
otropic agents increase contractile state and myocar- 
dial oxygen uptake to the same degree,!^* the work of 
Mjøs et al.'4° has suggested that at least part of the 
"oxygen-wastage" effect of catecholamines might be 
due to their considerable effect in mobilizing free 
fatty acids. Mjás! 4^6 has produced suggestive evidence 
that the elevated circulating free fatty acid concen- 
trations associated with increased circulating cate- 


cholamines might increase the myocardial oxygen de- 
mand more than calcium gluconate. In experimental 
myocardial infarction,®° the infusion of catechol- 
amines gave rise to greater S-T segment elevation 
when circulating free fatty acid levels were allowed to 
rise than when an antilipolytic agent was adminis- 
tered. Thus, free fatty acid-mobilizing agents such as 
catecholamines and dopamine!*’ may further com- 
promise the utilization of oxygen by the heart, in a 
way in which other inotropic agents such as calcium 
or glucagon do not.!45.148 


Clinical Implications 


Because catecholamines administered as inotropic 
agents may buy increased myocardial performance at 
. inflationary prices (increased metabolic demand) and 
ultimate functional deterioration,!?? it could be ar- 
gued that catecholamines should be used as inotropic 
agents only after careful consideration and for cer- 
tain specific circumstances. A case has been made for 
the therapy of cardiogenic shock with noradrena- 
line!4? or both noradrenaline and small doses of iso- 
proterenol to achieve optimal alpha and beta recep- 
tor stimulation.!?? Pure beta receptor stimulation by 
isoproterenol increased infarct size in dogs, whereas 
combined alpha and beta receptor stimulation by 
norepinephrine decreased infarct size.!?? The simul- 
 taneous administration of an antilipolytic agent 
should decrease the potential damaging effects of 
catecholamines and would warrant exploration. 

Guides to inotropic therapy in myocardial in- 
farction: In a given patient requiring an inotropic 
agent it might not be obvious whether the adminis- 
tration of catecholamines would be beneficial. There 
are several methods of monitoring the potential ef- 
fects. First, sequential measurement of precordial 
S-T segment changes are possible in patients with 
anterior myocardial infarction. Lamont and Posel!*?! 
have already used S- T segment changes as a guide to 
the dosage of isoproterenol in patients, whereas Pel- 
ides et al.?? have shown decreased precordial S-T 
segment elevation in patients with acute infarction 
given beta blocking drugs even though the studies 
were undertaken 5 to 72 hours (mean 33 hours) after 
the onset of chest pain. Maroko and Braunwald*? in 
their recent thorough review of the application of 
measurements of S- T segment changes to the assess- 
ment of experimental infarct size included a prelimi- 
nary report on the use in man. Second, from sequen- 
tial blood enzyme changes, it might be possible to 
project the natural history of myocardial infarction 
from early values by the technique developed by 
Roberts et al.!9?? in dogs; thus an increased rate of rise 
of blood enzymes such as the MB isoenzyme of cre- 
atine phosphokinase!?^* may indicate increasing myo- 
cardial damage in patients. Third, coronary sinus 
catheterization has already been successfully under- 
taken even in patients with cardiogenic shock!^? and 
. allows monitoring of arteriovenous differences of po- 

-tassium ion, lactate and inorganic phosphate across 
the heart. An increased venous discharge of these 
ions would probably indicate extension of myocardial 
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ischemia, although the problem of admixture of non- 
ischemic and ischemic blood into the coronary sinus 
would need consideration.!°° 


Conclusions 


Free fatty acid values: In the early stages of | 
acute myocardial infarction, metabolic and pharma- 


 cologic manipulation in animals has shown that the 


amount of ensuing ischemic damage and infarction 
can be modulated. A critical assessment is made of 
the hypothesis that elevated free fatty acid concen- 
trations found in patients with acute myocardial in- 
farction may be “toxic” and arrhythmogenic. Consid- 
eration of the free fatty acid concentrations and the 
FFA/albumin ratios that adversely affect the heart in- 
animal experiments suggests that circulating free 
fatty acid concentrations actually found could only 
rarely be directly arrhythmogenic in infarction. How- - 
ever, there is evidence that free fatty acids could act- 
synergistically with increased catecholamine concen- 
trations to harm the ischemic heart and to promote - 
arrhythmias, and that free fatty acids could extend 
the infarct size after experimental myocardial infarc- 
tion. It is concluded that the balance of evidence 
suggests a “toxic” role for free fatty acids if present 
in sufficiently high circulating concentrations. One 
method of decreasing circulating free fatty acid levels 
is by the use of glucose-insulin-potassium therapy. 
Glucose-insulin-potassium therapy: This mo- 
dality was introduced with the aim of *repolarizing" 
ischemic tissue, which led to an emphasis on a possi- . 
ble antiarrhythmic effect. Experimental and clinical 
evidence for the use of glucose-insulin-potassium as - 
antiarrhythmic therapy is inconclusive, but there is 
strong experimental evidence that it can reduce in- 
farct size. The mechanisms involved are ill under- 
stood, and may include increased entry of potassium - 
ion into ischemic tissue, as originally proposed by 
Sodi-Pallares, increased cardiac glycogen and per- 
haps enhanced rates of anaerobic adenosine triphos- 
phate production; a direct effect of insulin cannot be 
excluded.'^6 It is suggested that infarct size be the fu- 
ture end point of clinical trials involving glucose-i in- 
sulin-potassium. S 
Catecholamines: These naturally occurring ino- 
tropic agents are found in increased amounts after | 
acute myocardial infarction in man. Both clinical and : 
experimental data show a role for catecholamine ac- 
tivity in the initiation or arrhythmias. Dose effects - 
and the type of catecholamine may determine the re- 
sponse of the ischemic myocardium to infused cate- 
cholamines; very small doses tend to reverse and 
large doses to aggravate ischemic changes. In addi- 
tion, hemodynamic factors such as the size of the 
heart and magnitude of the afterload and aortic and 
coronary perfusion pressure are critical in the re- 
sponse of the infarcted heart to catecholamines. The 
relations among the metabolism of catecholamines, 
free fatty acids and glucose and the outcome of myo- 
cardial infarction have been delineated in experimen- 
tal animals but the application to patients is under 
investigation in several centers.57.82.126,134,149 b 
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In 1913, only a few years after the experiments of 
MacCallum! and those of Cushing and Branch; 
Alexis Carrel, the experimental physiologist, was 
joined at the Rockefeller Institute by the great 
French surgeon Theodore Tuffier (1857-1929). Their 
collaborative experiments on the heart valves of the 
dog were presented before the Academy of Medicine 
in Paris in a brief note,? which was discussed in this 
Journal in 1969.4 The researches of Carrel and Tuf- 
fier also formed the basis for a longer essay, which 
the experimenters titled “Chirurgie des Orifices du 
Coeur" and published in the Presse Médicale in 
: 1914. The discussions in this essay tell us much about 
‘the embryonic art of cardiac surgery. 


x Excerpts from Carrel and Tuffier* 


. To ascertain whether some cardiacs may benefit from 

surgery, this is the question that we wish to examine. In 
order to answer it we must inquire into (1) pathological 
anatomy and clinical medicine, and (2) experimentation 
and operative technique. 

— Does pathological anatomy show us valvular lesions ca- 
pable of amelioration by a mechanical act? With respect to 

this question it is necessary to take into account some 
causes of error. Autopsy specimens show only ultimate le- 
sions, maxima, which the [surgical] operator does not en- 
counter in such a marked degree. Processes secondary to a 

cardiac lesion do not produce counterindications to opera- 
tion, since these secondary lesions will be prevented by an 
early operation that removes the primary obstacle. The 
marvellous anatomical collections of cardiac lesions assem- 
bled and preserved by Dr. [Emanuel] Libman at the Mount 
Sinai Hospital of New York, the beautiful specimens in 
- Letulle's special collection, those of Vaquez and P. Marie at 
-the Faculty in Paris—such are the materials that we have 
consulted. 

_ The examination must bear upon: (1) the lesion at the 
orifice, (2) the condition of the heart, (3) the condition of 
the vessels. These three components must be considered in 

" judging the possibility or the effectiveness of an operation 

.on the heart. From our investigation it is apparent that, 

under sharply defined conditions, pure mitral stenosis and 

some stenoses of the pulmonary artery may benefit from 
operation. 


* Presented by courtesy of the publisher, Masson et Cie, Paris. 


This study was based on research assisted by Grant HL-10948 from 
the National Institutes of Health. 

Address for reprints: Saul Jarcho, MD, 35 E. 85 St., New York, 
N. Y. 10028. 


Anatomically, pure mitral stenosis is a lesion limited to 
the valve; for a long time the heart muscle and the periph- 
eral circulation remain unharmed. The free border of the 
valve alone is affected, the valves themselves remain 
smooth and supple. It is moreover the lesion that has most 
vividly impressed physicians, and Brunton* at the autopsy 
of a young girl in whom he found the mitral orifice alone to 
be stenotic, had the impression that incision of the stric- 
ture would remove the obstacle, which was the only barrier 
to normal circulation. Bouillaud’s comparison of pure mi- 
tral stenosis and palpebral stenosis should be preserved if 
surgical treatment is to be considered. 

Aortic stenosis can occur in three regions—valvular, 
supra-aortic, and subaortic. The subaortic variety, de- 
scribed by Vulpian in 1868, is inaccessible to surgical treat- 
ment by reason of its location below the annulus fibrosus at 
the level of the mitral-aortic channel. Supra-aortic stenosis 
is rare. The truly surgical variety is valvular stenosis. It is 
characterized by adherence between the free edges of the 
valves, with thickening and deformation of their edges. It is 
a simple ring with indurated margins. A picture by Letullet 
portrays it exactly, and the lumen of the vessel reduced to 
the diameter of a pencil is the emblem of all the mechanical 
disturbances of which the pathologic process consists. Ex- 
ceptionally the lesion affects the fibrous circle by which the 
valve is implanted on the aortic wall .... 

Stenoses of the pulmonary artery have the same anatom- 
ical traits. The infra- and supra-orificial varieties are very 
rare and need not detain us. Valvular stenosis is the most 
frequent. The fibrous arch of insertion is intact. Fusion of 
the margins of the valve produces a sort of diaphragm, con- 
vex toward the pulmonary artery; its more or less narrow 
central cleft is capable of being enlarged. 

Paradoxically, the pulmonary artery is dilated beyond 
the stenosis, through loss of the elasticity of its walls. In 
young patients stenosis of the pulmonary artery can be 
pure, unaccompanied by any alteration of the myocardium 
and any congenital malformation at other orifices; this con- 
dition is eminently favorable for mechanical treatment. 

According to Schepelmann! congenital tricuspid steno- 
ses, which have the same characteristics, would be especial- 
ly suitable for surgical intervention, since the heart is in- 
tact. 

From the fact that a lesion at an orifice presents itself 
under anatomical conditions that make an attack possible, 


* Lauder Brunton.—’’Preliminary note on the possibility of treating 
mitral stenosis by surgical methods." The Lancet, 1902, t. 1, p. 362. 

t Presse Médicale, no. 99, December 1913. 

t Schepelmann.—Langenbecks Archiv, 1912, t. XCVII, p. 739; 
Deutsche Zeitschr. f. Chir., t. CXX, Heft 4. 
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and from the fact that the state of the myocardium and the 
vessels shows that the attack is well grounded, it does not 
necessarily follow that an operation is indicated. The lesion 
by its persistence or progress must cause disturbances that 
are serious or will be fatal in the near future. This is the in- 
dication for a surgical attempt. 

Now, from all our reading, from all our inquiry among in- 
ternist colleagues, it is concluded that this indication is 
rare, but that it presents itself distinctly in certain cases. In 
pure mitral stenosis cases similar to those of Brunton (loc. 
-` citat.) are encountered: a young patient, stenotic lesion at 
the orifice with progressive evolution revealed by function- 
al disturbances, intact myocardium, and yet a fatal out- 
come. No medical measure could stop its progress. 

Certain aortic stenoses which progress slowly but contin- 
uously, with hypertrophy of the left ventricle, can also be 
regarded as mechanical lesions suitable for mechanical 
treatment, i.e. for enlargement of the valvular chink. 

Stenoses of the pulmonary artery, when they are isolat- 
ed, independent of other cardiac malformations, almost al- 
ways end fatally and within a period resembling that of 
pulmonary tuberculosis. 

In this review there is no discussion of orificial insuffi- 
ciency. In the opinion of all our colleagues, these insuf- 
ficiencies usually develop slowly, are readily compensated, 
and are compatible with long life. We wish to remark on 
this fact and to emphasize the difference between the dis- 
turbances caused by stenosis at an orifice and those caused 
by insufficiency. Our surgical treatment will consist exactly 
of transforming serious stenoses into relatively mild insuf- 
ficiencies .... 


[Carrel and Tuffier then discuss surgical dangers: 
accidental injury of the coronary arteries, entry of air 
into the heart and vessels, and thrombosis. They enu- 
merate danger zones and “manageable” zones in the 
heart, and consider the length of time that various 
major vessels may be compressed. They then describe 
their operative technique.] 


For stenosis at an orifice we have three operations: inter- 
nal valvulotomy, which is analogous to internal urethro- 
tomy; external valvulotomy, including cardiotomy, analo- 
gous to external urethrotomy; and auriculoventricular or 
arterioventricular anastomosis, which consists of using a 
bypass channel to establish communication between the 
segment above the stenosis and the segment below it. 

Internal valvulotomy— section of the valve from within 
outward——can be done in two ways: by an incision in the vi- 
cinity of the stenosis or by a remote incision. If the case is 
one of mitral stenosis, the stenotic valvular diaphragm can 
be reached by two routes: indirectly by way of the carotid 
or directly across the ventricular wall. The first has been 
followed by Rosenbach . . ., who cut the valves by means of 
a very long instrument, a sort of sound equipped with a 
covered blade at its end, the Klebs valvulotome. Rihl* used 
an analogous procedure when he destroyed the tricuspid 
valves by means of a long sound introduced into the right 
heart by way of the jugular vein. 

The mitral or tricuspid valves can be reached more di- 
. rectly by using an artificial wound, auricular or ventricular, 
i.e. by cardiotomy. Since haemorrhage from the friable au- 
ricle is harder to stop, the ventricular route must be pre- 
ferred. Brunton, apparently the first experimenter on this 
. subject, introduced a thin but strong instrument, a teno- 


* Rihl. —"Experimentelle Trikuspide Insufficienz." Zeitschr. f. ex- 
perim. Pathol. und Therapie, t. VI, p. 616. 
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tome, through a very small wound in the ventricle. With ; 


this he sectioned the greatest part of the valve. Cushing* in 
1908 used the same technique. According to him the opera- - 
tion requires extensive practice on the cadaver in order to 
familiarize the surgeon not only with the anatomical loca- 
tion of the valves but also with the special sensation pro- 
duced by cutting the valve or the chordae tendineae. In his- 
experiments he used MacCallum's hook. Of 25 animals op- 
erated on by Henry and Heuer (in Cushing and Branch), 
several of which had valvular lesions analogous to those in 
man, 11 recovered and were able to compensate rapidly for 
the experimental lesion. Cushing concluded that the trans- 
formation of a stenotic orifice into an insufficient orifice 
was a considerable amelioration, and that an operation of 


this kind could be attempted successfully in man ... z 


Schepelmann! cut the chordae tendineae of the anterior. 
and posterior papillary muscles by means of a knobbed 
chordotome introduced via a wound in the anterior ventric- | 
ular wall. When the knobbed knife reaches the chordae the 
sharpened part of the instrument is put against them and 
by a barely perceptible jolt the tendons alone are cut. Dur- 
ing this blind operation the danger zones of the heart can 
be injured. Therefore it seems to me preferable to excise 
the valves through a larger incision in the cardiac wall 
under direct vision. 

If the valvular diaphragm is simply cut, without a por- 
tion being resected, it is necessary to fix one of the lateral 
components to the ventricular wall with a silk thread in 
order to prevent coalescence and secondary fusion of their 
edges; in the same way the eyelids are immobilized after 
they have been liberated by tarsorrhaphy. 

Carrel believes that he can dilate stenotic valves by forc- 
ing them with a finger introduced into the cavity of the 
heart. In a case of aortic stenosis in my clientele in which I 
operated last year in company with Carrel, I sought to ob- 
tain this result. I continue to see the patient, who feels i im- 
proved .. i 

External valvulotomy, which we shall now consider, is is 
based on the opposite principle, incision from outside in. 
The aortic orifice and the valve are split at the same time. 

This direct section of the valve must be done in a very 
precise way, because the cardiac region which surrounds 
the aorta and the pulmonary artery is especially sensitive. 
and it readily gives rise to reflexes. It is essential to with- 
draw as far as possible from the neighborhood of the coro- 
naries, although they arise far enough away for one to pass. 
between them on the anterior surface of the aorta. 

Section of the valves is a blind procedure which cannot 
be controlled, but is it not possible to put a patch over the 
aorta like a flap or a half-flap? A piece of femoral artery or 
vein kept in cold storage can be used. It is also possible to 
use the patient’s saphenous vein, which is sewn to the arte- 
rial wall on three of its sides; only the fourth side is left free 
and is allowed to gape open. Beneath this, in the opening 
between it and the base of the vessel, a knobbed bistouri is 
inserted and the valve orifice is split. Then in order to close 
the wound it is sufficient to sew the last side of flap; this 
takes 10 to 15 seconds. When the dimensions of the piece 
and its sutures have been calculated correctly, this “patch- 
ing" makes it possible to enlarge the opening. Thrombosis 
need not be feared, since the patch has its endothelium 


7 


* Cushing and Branch.—’’Experimental and clinical notes on 
chronic valvular lesions in the dog and their possible relation to a fu- 
ture surgery of the cardiac valves." Journ. of Medical Research, 
1908, vol. 12, pp. 471—486. 

* Schepelmann.— Arch. f. klin. Chir. 1912, t. LXXXXVII p. 739. 
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[The authors describe their surgical techniques. 
_ The paper ends with brief reports of six operations in 
dogs.] 


Experiment 1. Incision and suture of the ascending 


aorta. White female dog of medium size and bad general 
constitution, no. 3232, October 21, 1913. Etherized by the 
. Meltzer-Auer method ... The ascending aorta was opened 
by a longitudinal incision about 2% cm. long, made in the 
anterior aspect of the aorta and extending to the base of 
the heart. Abundant haemorrhage. The finger was thrust 
. into the wound and the vessels were compressed digitally 
above the wound. Continuous suture of the aortic incision. 
. The heart was beating gently and irregularly. The clamps 
were removed. The circulation was normal. After a few 
minutes the heart was regular again. The pericardium was 
. closed. The thoracic cavity was sutured ... On November 3 
the animal was in good condition . 


Experiment 2. Patching of the pulmonary artery . 
October 23, 1913 ... The base of the pulmonary artery was 
explored very easily. A piece of aorta obtained from a 
. human fetus and preserved for 24 hours in the icebox was 
placed over the anterior surface of the artery and over the 
ventricle. The superior and lateral part of this piece of ar- 
tery was fixed to the wall of the pulmonary artery by con- 
tinuous sutures. Then the pedicle of heart was grasped in 
an elastic clamp, a thin bistouri was introduced under the 
patch, between it and the wall of the pulmonary artery, 
which was cut longitudinally. The incision was too high and 
too short. Then the inferior part of the patch was sutured 
. to the wall of the artery. Thus it was fixed on all sides . 
The next day the animal was veers} in the room. On No- 
vember 3 it was in normal condition . 


Experiment 4. Patching of a hae A artery. Death 
from wound of a coronary artery ... Incision of the peri- 
-cardium and exploration of the pulmonary artery. On the 
axial part of the artery a large piece of aorta was placed; 
this had been taken from another dog and kept in the ice- 
-box for a day. The uppermost part and the two sides of this 

fragment were fixed to the pulmonary artery by a continu- 
ous suture. The pedicle of the heart was grasped in a 
clamp. The tip of a fine pair of scissors was introduced 
under the patch and the wall of the pulmonary artery was 
cut at the level of the base of the pulmonic valve. . . 


Comment on Carrel and Tuffier 


In 1914 the paper by Carrel and Tuffier must have 
seemed thrilling and almost incredible. Even at a dis- 
tance of more than 60 years it conveys an impression 
of boldness and novelty. 
— As a footnote indicates, the work was done at the 
Rockefeller Institute, with which Carrel had been 
connected since 1909. The experimenters were 
helped by having had access to collections of gross 
‘specimens such as those assembled by the late Dr. 


Emanuel Libman at the Mount Sinai Hospital in 
New York City. This fact is worthy of note at the 
present time, when professors of pathology and anat- 
omy tend to disparage such collections and even to 
discard them. | 

From their reading and their preliminary observa- 
tions Carrel and Tuffier reached two conclusions of 
overriding importance: (1) that in disease of the heart 
valves the therapeutic problem was in essence me- 
chanical; and (2) that treatment consisted of replac- 
ing stenosis by insufficiency, since stenosis leads to 
death, whereas insufficiency can be overcome or alle- 
viated by compensatory mechanisms. 

In one case of aortic stenosis in man Tuffier had al- 
ready produced improvement by invaginating the un- 
opened aorta with his finger and tearing the aortic 
ring. | 

In their experimental work Carrel and Tuffier fol- 
lowed directly the experiments of Harvey Cushing, 
adding thereto new methods of incising the valve and 
an ingenious technique of placing a patch over the 
operative area. 

Another interesting aspect of the work is their 

novel evaluation of the heart as an object of surgical 
attack. In paragraphs omitted from the foregoing ex- 
cerpts they list the surgical danger zones, such as the 
region of the bundle of His and the cardiac ganglia; 
and the safe zones, such as the ventricular walls. 
Their statements resemble those of a military com- 
mander who is planning to assault a besieged city. 
. Since February 1974 the historical articles that 
have appeared in this series have dealt, as nearly as 
possible in chronologic order, with experiments on 
the valves of the heart; three other papers on this 
subject appeared in 1967.68 This subseries of 11 pa- 
pers makes it possible to discern a series of stages. In 
the earliest contributions that have been discussed — 
those by Cohnheim, Klebs, Rosenbach, Stricker, and 
others—valvulotomy was performed or attempted 
mainly in an effort to clarify cardiac physiology. 
Work of this kind was characteristic of the closing 
decades of the 19th century. Early in the 20th centu- 
ry MacCallum and Thayer showed that valvulotomy 
in dogs could throw light on physical signs encoun- 
tered in human beings and could also be used in 
classroom instruction. Soon afterward the paper of 
Cushing and Branch? and that of Carrel and Tuffier 
revealed maturing plans for the surgical treatment of 
valvular disease in man. Progress was being made, 
but three decades of additional development were 
needed before practical benefits were to be gained on 
any considerable scale. 
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A mobile left ventricular tumor was detected by echocardiography 
The tracing showed a cluster of echoes in the left ventricular cavit) 
corresponding to the location of the tumor as seen in angiograms. A 
surgery the tumor was attached to the interventricular septum by i 
thin fibrous stalk. 


Primary, pedunculated tumors of the left ventricle are rare. The cas 
presented here is the first reported instance where such a left ventric 
ular tumor was diagnosed by echocardiography. We report the cas 
with special emphasis on its echocardiographic aspects. 


Case Report 


A 45 year old white, female opera singer was admitted to University of Cal 
ifornia, Los Angeles Hospital on July 7, 1974 because of left hemiparesis. I 
the 6 weeks preceding her admission she had symptoms of lightheadnes: 
headaches, blurred vision and scotomas. Two weeks before admission studie 
by her private physician, which included blood tests, electroencephalogran 
electrocardiogram, chest X-ray film and upper gastrointestinal series, wer 
normal except for an erythrocyte sedimentation rate of 34 mm in 1 hour. O 
admission she had the sudden onset of left arm weakness and facial asymme 
try. At the time of admission she was noted to have a left facial and let 
upper limb paresis with a left upgoing toe. On the 2nd hospital day thes 
findings partially regressed; a right carotid angiogram showed complete oc 
clusion of the right internal carotid artery. On the 4th hospital day she com 
plained of coldness of the right foot and was found to have lost the righ 
pedal pulses. Three hours later loss of the left pedal pulses ensued. Hepari 
therapy was started. On the morning of the 5th hospital day she lost the lel 
femoral pulse and complained of leg pain and coldness. 

Past history was negative except for alcohol and amphetamine use sever: 
years previously. 

On physical examination the blood pressure was 160/90 mm Hg, puls 
regular at 72/min and temperature normal. Retinal examination was norma 
Both common carotid arterial pulses had normal upstroke and volume. Ther 
was no venous distension. The chest was clear to percussion and auscultatior 
The point of maximal cardiac impulse was normally located; the first an 
second heart sounds were normal. There was a faint, low frequency, early t 
mid systolic sound at the apex, which was intermittent and varied with pos 
ture, while the patient was lying on her left side (Fig. 1). No murmurs or gal 
lops were present. The left femoral pulse was absent, the right was presen 
but diminished. There were no popliteal or distal pulses. No bruits wer 
heard. Both legs were cold and pale. The sedimentation rate was 36 mm in 
hour, hematocrit 41 percent and white blood cell count 9,000/mm*. Late 
fixation titer was 1:140. The electrocardiogram and chest X-ray film wer 
within normal limits. 

An echocardiogram obtained on the 5th hospital day to locate an intracar 
diac source of emboli showed a cluster of echoes during systole in the outflo 
tract of the left ventricle between the mitral valve and the interventricula 
septum (Fig. 1). The abnormal echoes were also seen during diastole as th 
ultrasonic beam was directed toward the apex (Fig. 2). 

A forward left ventriculogram obtained from a pulmonary arterial injec 
tion showed a highly mobile left ventricular filling defect (Fig. 3) which wa 
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FIGURE 1 (left). Echocardiogram of a left ventricular tumor. The arrow points to the tundrdnduced Thee of echoes between the interveniricix 
lar septum and the mitral valve in systole. The simultaneous phonocardiographic (phono) tracing shows an early to mid systolic sound at the time 


the tumor hits the interventricular septum. ECG = electrocardiograms; LA = 


. wall. 


left atrium; MV — mitral valve; Post. LV — posterior left ventricular 


; FIGURE 2 (right). Same recording as in Figure 1 obtained while the ultrasonic beam was directed to the left ventricle below the mitral valve. The 
arrow points to the abnormal echoes that now appear during both systole and diastole. 


positioned in the apex during diastole but moved toward 
the aortic valve in systole. Arteriography demonstrated oc- 
 clusion of the left common femoral artery and distal right 
: femoral artery. 

The patient underwent open heart surgery on the 5th 
hospital day. When the left ventricle was entered through a 
_ventriculotomy, a 3 cm long tumor was found attached to 
the lower interventricular septum by a narrow fibrous 1 cm 
long stalk (Fig. 4). A bilateral femoral embolectomy was 
also performed. The patient had an uneventful recovery 
and was discharged home on the 17th hospital day. 

— Microscopic study of the tumor revealed the findings of 
.a thrombus with early organization. Although a careful 


search was made by serial sections of the tumor and its 
stalk, no evidence was found to justify a histologic diagno- 
sis of myxoma. The final pathologic diagnosis was therefore 
pedunculated thrombus of the left ventricle although the 
clinical findings and gross morphologic features of the mass 
were highly suggestive of myxoma. Material removed from 
the femoral arteries consisted entirely of thrombus. 


Discussion 


Echocardiography has been used extensively in the 
diagnosis of atrial tumors since the original descrip- 
tion by Effert and Domanig in 1959.!-5 Our report 
shows the value of this technique in the diagnosis of 
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FIGURE 3 (left). Forward left ventriculogram in systole (top) and 
diastole (bottom). Note the filling defect caused by the tumor and its 
mobility with left ventricular contraction. 


FIGURE 4 (above). Gross anatomy of the tumor. The tumor is sec- 
tioned longitudinally. Note the small stalk that was attached to the 
lower interventricular septum. 





left ventricular tumors. There have been 12 previous 

case reports of left ventricular myxoma.9-" Ventricu- 
lar tumors may be manifested clinically by a syn- 
drome of outflow tract obstruction simulating valvu- 
lar disease or by peripheral embolization with or 
without nonspecific symptoms of low grade fever, 
malaise and abnormal laboratory findings. There has 
not been complete agreement on the true nature of 
these tumors. Their typical occurrence in an other- 
wise normal heart without any organic or hemody- 
namic factor of thrombogenesis favors the theory 
that they are true neoplasms.!9:1? 

Our patient manifested multiple emboli. The sedi- 
mentation rate was elevated and the latex fixation 
titer abnormal. The auscultatory findings were inter- 
mittent and too subtle to raise the suspicion of intra- 
ventricular tumor before the second episode of em- 
bolization. Echocardiography is thus a highly recom- 
mended tool for detecting a left ventricular tumor in 
patients who may have few otherwise detectable car- 
diac abnormalities. It should be useful particularly in 
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the young patient with an unexplained thromboem- 
bolic vascular accident. 
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Addendum 


Since submission of this manuscript for publica- 
tion the patient was readmitted to the University of 
California, Los Angeles Hospital because of uncon- 
sciousness. A repeat carotid angiogram showed no 
change from the previous study. The electrocardio- 
gram on the 2nd hospital day disclosed changes com- 
patible with an acute anteroseptal infarction not 
present on admission. The echocardiogram failed to 
show recurrence of an intraventricular mass. A repeat 
angiocardiogram was considered inappropriate in 
view of the patient’s mental status. The patient has 
remained comatose for more than 3 months. | 
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A rare case of constrictive pericarditis in procainamide-induced lupus 
erythematosus syndrome is reported. After 6 months of procainamide 
therapy fever, pleuritic chest pain, arthralgia and muscle soreness de- 
veloped in a 47 year old man. These symptoms were soon followed by 
the onset of acute pericarditis and rapidly accumulating massive peri- 
cardial effusion. After withdrawal of procainamide therapy and admin- 
istration of corticosteroids in large doses, there was marked subjective 
improvement and rapid reduction in pericardial effusion. However, con- 
strictive pericarditis with massive leg edema and ascites developed 6 
weeks after admission as corticosteroid therapy was gradually discon- 
tinued. These manifestations subsided after pericardiectomy was per- 
formed. 


A lupus erythematosus-like syndrome induced by procainamide was 
first described by Ladd! in 1962. Acute pericarditis has been reported 
in 18 to 57 percent of patients with procainamide-induced lupus er- 
ythematosus,?-* a rate almost identical to that observed in idiopathic 
lupus erythematosus (17 to 48 percent).?^9?-7 Large pericardial effu- 
sion and cardiac tamponade are uncommon in both forms of 
lupus.?95 Constrictive pericarditis is a rare occurrence in idiopathic 
lupus erythematosus9?.!? and, to our knowledge, has not been de- 
scribed in procainamide-induced lupus. We describe a patient with 
procainamide-induced lupus erythematosus who presented with 
acute pericarditis and pericardial effusion followed rapidly by con- 
strictive pericarditis as corticosteroid therapy was gradually discon- 
tinued. 


Case Report 


A 47 year old Puerto Rican man was admitted to the New York Veterans 
Administration Hospital on June 5, 1973 because of low grade fever and pleu- 
ritic pain in the left anterior chest of 4 days' duration. Past history revealed 
chronic alcoholism and cirrhosis of the liver. Four years before admission a 
portacaval shunt was performed for bleeding esophageal varices. He was 
found to have multiple ventricular premature systoles 6 months before ad- 
mission, and since then had been taking 250 mg of procainamide hydrochlo- 
ride three times daily. 

Physical examination revealed a temperature of 100.6? F, pulse rate of 100 
beats/min and blood pressure of 100/60 mm Hg. The heart was normal in 
size. The heart sounds were normal. A grade 2/6 holosystolic murmur was 
heard at the apex and radiated to the left axilla. The lungs were clear to per- 
cussion and auscultation. There was no pleural friction rub. The liver and the 
spleen were enlarged. Palmar erythema and spider angiomas were present. 
The hemoglobin was 13.1 g/100 ml, (white blood cell count 5,400/mm? and 
the erythrocyte sedimentation rate was 61 mm in 1 hour. The electrocardio- 
gram revealed sinus tachycardia and a few ventricular premature systoles. 

One week after admission he had pain in the small joints of both hands, 
tenosynovitis of the extensor tendons of both big toes, generalized muscle 
soreness and dyspnea. The temperature was 103? F, the pulse rate 120 beats/ 
min and the blood pressure 110/90 mm Hg. Pleural and pericardial friction 
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FIGURE 1. Posteroanterior chest roentgenograms. A, 1 week after admission, revealing marked enlargement of the cardiac silhouette and a 


small left pleural effusion. B, at the time of right heart catheterization. 





FIGURE 2. Echocardiograms. A, before corticosteroid therapy. B, two weeks after corticosteroid therapy. ECG = electrocardiogram; EPI = epi- 
cardium; IVS = interventricular septum; LVPW = left ventricular posterior wall; P = pericardium; PE = pericardial effusion. 


rubs were heard. Two days later he became severely dysp- 
neic. The heart sounds were distant. The chest roentgeno- 
gram revealed a markedly enlarged cardiac silhouette and a 
small left pleural effusion (Fig. 1A). The electrocardiogram 
disclosed a nondiagnostic repolarization abnormality. The 
central venous pressure was 20 cm water. The echocardio- 
gram showed evidence of a large pericardial effusion (Fig. 
2A). 

The lupus erythematosus cell preparation was negative. 
The immunofluorescent test for antinuclear antibodies was 
positive at a titer of 1:512. The latex fixation test for rheu- 
matoid factor was positive at a titer of 1:320. The serologic 
test for anti-deoxyribonucleic acid antibodies was negative 
as were the skin tests for tuberculosis and fungal diseases 


and blood and urine cultures. The diagnosis of procain- 
amide-induced lupus erythematosus with pericarditis and 
pericardial effusion was made. 


Clinical Course 


The patient was treated with 60 mg of prednisone daily. 
There was marked subjective and objective improvement 
in his clinical condition. Two weeks later the chest X-ray 
film disclosed marked reduction in the size of the cardiac 
silhouette. The echocardiogram revealed a minimal echo- 
free space between the pericardium and the posterior left 
ventricular wall (Fig. 2B). The echoes reflected from the 
pericardium and the epicardium were dense, suggesting 
thickened epicardium and pericardium. 





. Over the next 2 weeks the dose of prednisone was gradu- 
. ally tapered. However, 1 week later dyspnea, orthopnea, as- 
. cites and dependent edema developed. The neck veins were 
markedly engorged, and the blood pressure was 110/90 mm 
Hg with an inspiratory decrease in systolic pressure of 12 


à mm Hg. The chest X-ray film revealed a slightly enlarged 


cardiac silhouette (Fig. 1B). The immunofluorescent test 


for antinuclear antibodies was positive at a titer of 1:256 
. and the latex fixation test for rheumatoid factor was posi- 
. tive at a titer of 1:60. 


Right heart catheterization was performed (Table I). 
- The right atrial and right ventricular pressure curves were 
suggestive of restriction to diastolic filling. The cardiac 


output was high, probably due to peripheral arteriovenous 


i 


- shunts. An intracardiac left to right shunt was excluded by 


_ the hydrogen appearance time of 8 seconds in the main 
_ pulmonary artery. The right atrial angiogram revealed a 
_ distance of 1 cm between the right atrial endocardium and 
the right border of the cardiac silhouette. These findings 
. were suggestive of either pericardial effusion or pericardial 


constriction with thickened pericardium. 


Surgery was performed for pericardial exploration. At 


_ operation, very little fluid was present in the pericardial 
. sac. The pericardium was markedly thickened, measuring 5 
_ to 7 mm in some areas. It was adherent to the epicardium 
-and could be separated only with great difficulty. Partial 
- pericardiectomy was performed. Histologic examination of 


the pericardium showed dense collagenous tissue and ex- 
 tensive highly vascularized granulation tissue. The acid- 
- fast stain and the culture for mycobacteria revealed noth- 
- ing abnormal. 


-= After surgery the patient's condition improved with dis- 


appearance of ascites and leg edema. He was permitted to 
leave the hospital on a weekend pass and returned in a 


- drunken state. There was rapid progression to hepatic 
- coma, massive gastrointestinal bleeding, Klebsiella sepsis 
and death. 


= 
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Discussion 
The diagnosis of procainamide-induced lupus 
erythematosus in this patient was made on the basis 
- of the clinical manifestations and the presence of an- 


_tinuclear antibodies in the serum. Although the lupus 


erythematosus cell phenomenon is demonstrable in 
.]5 to 86 percent of patients with procainamide- in- 


duced lupus, it may be absent, as it was in our pa- 
 tient.?? The incidence of acute pericarditis is almost 
identical in idiopathic and procainamide-induced 


forms of lupus erythematosus?~’ whereas large peri- 
-cardial effusion and cardiac tamponade are uncom- 
mon in both forms.56:8 Constrictive pericarditis is ex- 
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tremely rare in idiopathic lupus erythematosus.9.9.10 
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TABLE I 
Hemodynamic Findings 





Site Pressure (mm Hg) 

Right atrium (10) 
Right ventricle 31/16 
Pulmonary artery 31/16 (20) 
Pulmonary wedge (13) 
Brachial artery 163/63 (91) 
Cardiac index (liters/min per m?) 6.9 
Arterial-mixed venous O, difference 24 

(ml/liter) 
Hydrogen appearance time in 8 


pulmonary artery (sec) 


Figures in parentheses represent mean pressures. 


Pericardial constriction developed in this patient 
with striking rapidity, occurring 6 weeks after the 
onset of acute pericarditis. The patient with idio- 
pathic lupus erythematosus described by Starkey 
and Hahn? also had constrictive pericarditis within 
7 weeks after the onset of acute pericarditis. In both 
patients corticosteroid therapy was gradually with- 
drawn 5 to 6 weeks after it was begun. The relatively 
rapid withdrawal of corticosteroid therapy in our pa- 
tient as well as in the patient described by Starkey 
and Hahn could have precipitated a panmesenchym- 
al and panangiitic reaction of Slocumb.!! Although 
this reaction is uncommon, its occurrence in the pres- 
ence of resolving fibrinous pericarditis may have 
caused rapid deposition of collagen and fibrous tissue 
leading to pericardial constriction. If this mechanism 
is correct, corticosteroid drugs in such patients 
should be withdrawn over a few months instead of a 
few weeks. 

A majority of patients receiving procainamide have 
underlying cardiac disease to which the manifesta- 
tions of pericardial involvement may be attributed 
unless the possibility of cardiac involvement by pro- 
cainamide-induced lupus erythematosus is suspect- 
ed. Consideration of this possibility is particularly 
important since cessation of procainamide with or 
without corticosteroid therapy will abate the symp- 
toms in a majority of patients.” 
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In a chronic alcoholic with a severe congestive cardiomyopathy the 
angiographic and hemodynamic evidence of left ventricular dysfunc- 
tion was completely reversed after 1 year of abstinence. At the time of 
initial presentation two of the traditional hallmarks of a poor prognosis 
were present, namely, a long exposure to alcohol before the onset of 
symptoms and severe diffuse left ventricular dilatation and hypokinesis 
(ejection fraction 14.9 percent). Yet, today, 18 months later he is 
asymptomatic, receiving no medications and has normal left ventricu- 
lar function. A reexamination of prognostic factors in alcoholic cardio- 
myopathy may be indicated. 


We recently performed a complete hemodynamic investigation in an 
alcoholic patient on two separate occasions 1 year apart. The first 
study showed evidence of a severe congestive cardiomyopathy. The 
second study followed a year of almost total abstinence and revealed 
that all hemodynamic and angiographic variables had returned to 
normal; the signs and symptoms of congestive failure present at the 
time of the first study had also resolved. Other than the change in al- 
coholic consumption, there was no other significant alteration in this 
patient’s life style or activity level in the year between investigations 
and a period of complete bed rest was not instituted after the first. 
study. This report suggests that even patients with a long history of 
excessive alcoholic consumption and severe diffuse left ventricular 
dysfunction may still have a potentially totally reversible situation. 


Case Report 


The patient is a 49 year old man who was well until August 1972 when he 
noticed the appearance of easy fatigability, followed by increasing dyspnea, 
orthopnea, paroxysmal nocturnal dyspnea, ankle edema and palpitations. 
There was no history of chest discomfort. There were no symptoms sugges- 
tive of a viral illness before the onset of the symptoms cited. There was a his- 
tory of heavy alcoholic intake for at least 20 years with a daily consumption 
of about 16 oz. of whiskey. Nevertheless his food intake and nutrition were 
good and he was a productive and successful businessman. He was also a 
heavy chronic cigarette smoker. There was no history of hypertension. 

He was given standard treatment for congestive heart failure but was ad- 
mitted to a local hospital on three occasions between September and Decem- 
ber 1972 because of recurrent refractory congestive failure. 

He was admitted to the Toronto General Hospital on December 14, 1972 
for further investigation. He appeared well nourished and there were no stig- 
mata of chronic liver disease. The peripheral arterial pulses were irregular 
and thready. His limbs were cool. Blood pressure was 90/70 mm Hg. The 
mean jugular venous pressure was 5 cm above the sternal angle with normal 
respiratory variation. There was no palpable precordial impulse; there were 
no murmurs and a third heart sound was not heard. The second sound was 
normally split. The liver was palpable 3 cm below the right costal margin and 
i smooth and nontender. The spleen was not palpable. There was no ankle 
edema. 
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The initial electrocardiogram (Fig. 1A) showed atrial fi- 
brillation, low voltage in the standard leads and poor R 
wave voltage across the precordial leads. The chest X-ray 
film (Fig. 2A) disclosed cardiomegaly. Routine pulmonary 
function tests, thyroid function indexes, sedimentation rate 
and serum protein determinations were normal. A lupus er- 
ythematosus cell test was negative. 

Cardiac catheterization was performed on December 20, 
1972. Right heart oxygen sampling showed no evidence of a 
left to right intracardiac shunt. There was no evidence of 
valvular heart disease. The coronary arteries were normal 
angiographically. The left ventriculogram was obtained 
using a Brockenbrough transseptal catheter. The hemody- 
namic and angiographic data (Table I) revealed evidence of 
severe left ventricular dysfunction. Representative end- 
diastolic and end-systolic frames of the left ventriculogram 
are shown in Figure 3. 

On the basis of these data, a diagnosis of a severe conges- 
tive cardiomyopathy was made. In the absence of any other 
obvious cause it was assumed that alcoholism was the pri- 
mary factor in the development of the myopathy and the 
patient was urged to stop his alcoholic consumption. 

He was discharged on December 28, 1972 on a regimen of 
digoxin, 0.375 mg/day; furosemide, 40 mg/day, potassium 
supplements; quinidine, 200 mg four times a day, and sodi- 
um warfarin for anticoagulation. For the next 4 months he 
did not smoke or drink alcohol. In May 1973 he began to 
drink about 2 to 4 oz. of whiskey a week and his alcoholic 
consumption has not exceeded this amount up to the 
present time. He remains a nonsmoker. 
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FIGURE 1. Electrocardiograms. A, December 14, 1972; B, January 
6, 1974. 


TABLE I 


Hemodynamic and Angiographic Data . 
on MULA PECIA SUIS ENIRO SOIT AUI HT SORS MUR OS CELA d 
Dec. 20, 1972 Jan. 7, 1974 


Rhythm Atrial fibrillation Sinus 
Cardiac index (liters/min per m?) 2.04 2.73 
Pressures (mm Hg) 
PA mean 31.0 13.0 
RVEDP 5—9 4—7 
LA mean 24.0 5.0 
LVEDP 16—25 4—7 
LV volumes (ml/m?) 

End-diastolic 118 88 
End-systolic 100 24 
LV ejection fraction (96) 14.9 72.5 
LV angiogram Severe diffuse Normal 

hypokinesis 


LA = left atrial; LV = left ventricular; LVEDP = left ventricular 
end-diastolic pressure; PA = pulmonary arterial; RVEDP = right ven- 
tricular end-diastolic pressure. 








FIGURE 2. Posteroanterior chest X-ray films. A, December 14, 
1972, shows cardiomegaly with a cardiothoracic ratio of 20.5/33.0. 


B, January 6, 1974. Heart size is now within normal limits: the car- 
diothoracic ratio is 16.0/33.0. 


In February 1973, his rhythm reverted from atrial fibril- 
lation to a normal sinus mechanism. By April 1973 he was 
asymptomatic, his exercise tolerance was normal and there 
were no signs of heart failure. He had returned to full time 
employment. The furosemide and potassium were discon- 
tinued without any adverse effects. 

He was admitted again in January 1974 for a repeat car- 
diac catheterization.The electrocardiogram on this admis- 
sion (Fig. 1B) revealed sinus rhythm and was normal ex- 
cept for digitalis-induced S-T sagging. By comparison with 
the tracing of December 1972, the voltage in the standard 
leads had increased and the R waves were higher across the 
precordial leads. Comparison of the chest X-ray film (Fig. 
2B) with the one obtained in December 1972 showed a sig- 
nificant reduction in heart size. The results of the catheter- 
ization on this admission are summarized in Table I. Rep- 
resentative end-diastolic and end-systolic frames of the left 
ventricular angiogram are shown in Figure 4. It is clear that 
complete resolution of the hemodynamic and angiographic 
evidence of severe left ventricular dysfunction had oc- 
curred in the intervening year. 

On the basis of these findings all medications were dis- 
continued and the patient has remained well and asymp- 
tomatic up to the present time. 


FIGURE 3. December 20, 1972. Single 
end-diastolic (A) and end-systolic (B) 
frames from a 35 mm cineangiogram of 
the left ventricle in the right anterior 
oblique view. The ejection fraction was 
14.9 percent. 


FIGURE 4. January 7, 1974. Single end- 
diastolic (A) and end-systolic (B) frames 
from a 35 mm cineangiogram of the left 
ventricle in the right anterior oblique 
view. The ejection fraction was 72.5 per- | 
cent. A 
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Discussion 


The criteria for the diagnosis of alcoholic cardio 
myopathy proposed by McDonald et al.! include (1 
the appearance of signs and symptoms of cardiomy 
opathy with persistent cardiomegaly, (2) inability t 
establish an etiologic basis for the heart disease othe: 
than heavy alcohol consumption, and (3) a history o 
prolonged consumption of excessive amounts of alco 
hol. Our patient satisfied these criteria and the diag 
nosis is further strengthened by the reversal of th: 
disease process with cessation of alcohol consump 
tion. The possibility that this man had a viral myo 
carditis cannot be absolutely excluded. However 
there were no symptoms of a viral illness precedin; 
the appearance of congestive heart failure and spon 
taneous resolution of a severe congestive cardiomy 
opathy of viral origin would be unlikely. 

To our knowledge this is the first report of a cast 
of alcoholic cardiomyopathy in which complete re 
versibility after abstention from alcohol has beer 
documented by cardiac catheterization and angio 
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graphic studies. In a recent publication, Demakis et 
al.? reported on the natural course of 57 patients with 
alcoholic cardiomyopathy and they found a statisti- 
cally significant relation between abstention from al- 
cohol and improvement in clinical status. The im- 
provement in their patients, however, wa’ deter- 
mined by noninvasive means such as chest X-ray 
films and was not documented angiographically. 
Also, their data suggest that none of the patients 
with subsequent improvement had the degree of con- 
gestive heart failure or cardiomegaly manifested by 
our patient at the time of presentation. 

- Myocardial biopsy was not performed in our case. 
However, one might speculate on the pathologic fea- 
tures present at the time of the initial investigation 
and associated with subsequent resolution. It is likely 
that little or no fibrosis was present. Generalized 
swelling of the endoplasmic reticulum without disor- 
ganization has been shown to be an early and unique 
manifestation of myocardial damage in alcoholic car- 
diomyopathy.? Mitochondrial swelling has also con- 
sistently been described in this form of cardiomyopa- 
thy. It is possible that these ultrastructural abnor- 
malities existed in a severe and diffuse form in our 
patient at the time of preséntation and accounted for 
the severe left ventricular dysfunction documented 
at the first study. These abnormalities could have re- 
solved with subsequent abstention from alcohol. The 
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foregoing is a possible explanation for the return to 
normal left ventricular function in our patient. : 

Clinical implications: This report is clinically im- 
portant from at least two standpoints. First, a contro- 
versy exists as to the mechanism of improvement in 
patients with alcoholic cardiomyopathy who follow a 
favorable course. McDonald et al.! have attributed 
this improvement, at least in part, to a trial of pro- 
longed bed rest. On the other hand, other studies?-4 
have shown a similar success rate with abstention 
from alcohol alone and no restriction of activities. 
Our case favors the latter experience since a period of 
bed rest was not instituted. Second, at the time of 
presentation our patient had the clinical and hemo- 
dynamic features usually indicative of an irreversible 
situation and a poor prognosis, namely, a long history 
of alcoholism* and diffuse left ventricular dilatation 
and dysfunction.? Yet, with abstention from alcohol, 
his cardiac function returned to normal and he be- 
came asymptomatic. This report suggests à more en- 
couraging prognosis for alcoholics with cardiomyopa- 
thy than is generally realized. Possibly, if this infor- 
mation were conveyed to such patients, there might 
be a greater number who would be motivated to ab- 
stain totally and permanently. Further serial hemo- 
dynamic studies on such patients would be helpful in 
substantiating the findings in the patient herein re- 
ported. 
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A 55 year old man with the typical findings of Holt-Oram syndrome ex: 
cept for the presence of a septum primum defect in addition to the 
usual secundum defect is described. The clinical, physical, radiologic 
and operative findings are presented. 


Oppenheimer et al.! first described in 1949 a clinical entity consisting 
of anomalies of the osseous system in conjunction with atrial septa 
defect. In 1960, Holt and Oram? described in greater detail this syn 
drome of familial heart disease associated with skeletal malforma 
tions that now bears their name. Forty-seven cases of the Holt-Oran 
syndrome have been reported; in 17 an atrial septal defect of the se 
cundum type was surgically corrected.? This report is the first to de 
scribe a patient with the Holt-Oram syndrome in whom an ostiun 
primum defect in addition to a secundum defect was noted and surgi 
cally corrected. 


Case Report 


A 55 year old man was admitted to our outpatient department in Augus 
1973 with a 3 year history of exertional dyspnea, tachycardia and recurren 
congestive heart failure. He had been treated with digitalis and diureti 
agents for 2 years. He was a chronic alcoholic. 

Physical examination showed no cyanosis or clubbing of the digits. Th 
jugular veins were slightly dilated. The lungs were clear. The blood pressur 
was 150/90 mm Hg; heart rate was 110/min with a slightly irregular rhythm 
A grade 2/4 systolic murmur was audible at the third intercostal space to th 
left of the sternal border. There was a diastolic rumble at the apex with fixe: 
splitting of the second sound in the pulmonary area. Examination of the os 
seous system revealed congenital anomalies of both thumbs evidenced by hy 
poplasia of the thenar eminences. There was radiographic evidence of bilater 
al hypoplasia of the greater multangular bones that caused the base of th 
first metacarpal bone to be directed medially and to articulate in the sam 
plane as the other metacarpals. Both thumbs simulated the configuration o 
fingers and had only two phalanges. The clavicles were abnormally short 
causing the shoulders to project forward. 

Radiologically, the heart was over 25 percent larger than the predicted siz 
for the patient’s height and weight. The lungs showed advanced bilateral pul 
monary congestion with increased vascular markings and evidence of emphy 
sema. All laboratory findings were within normal limits. The electrocardic 
gram and vectorcardiogram revealed atrial fibrillation, right ventricular hy 
pertrophy and left axis deviation. 

Cardiac catheterization studies revealed a step-up of oxygen sturt 
from 67 percent in the superior vena cava to 77 percent in the right atriur 
and 88 percent in the right ventricle. The mean right atrial pressure wa 
55/25 mm Hg. The left to right shunt was five times greater than the cardia 
output. The pulmonary vascular resistance was 0.7 unit (normal). Cineangi 
ography demonstrated an enlarged left atrium with shunting of dye at bot! 
the atrial and ventricular levels. There was no mitral or tricuspid regurgita 
tion. Both coronary arteries were patent and smooth. 

The clinical, physical and radiologic findings were all consistent with th 
classic description of the Holt-Oram syndrome except for the presence of a! 
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. FIGURE 1. Photograph taken at operation through the right atrioto- 
_ my showing the 4 by 4 cm ostium primum type atrial septal defect. 


The mitral (MV) and tricuspid (TV) valves are visible through the de- 
fect (arrows). 


atrial septal defect of the ostium primum rather than se- 
cundum type. Surgical correction was recommended. 


Operative Findings 


On September 20, 1973 a right atriotomy was performed 
with use of total cardiopulmonary bypass (Kay-Cross oxy- 
genator) and hypothermic arrest. A 4 by 4 cm endocardial 






cushion defect was present without mitral or tricuspid 
valve dysfunction (Fig. 1). There was also a smaller secun- 
dum defect approximately 1 cm in diameter located just 
below the superior vena caval inlet. The septum primum 
defect was closed with a pericardial patch. Care was exer- 
cised to avoid the conduction system at the atrioventricular 
(A-V) aspect of the defect. The secundum defect was closed 
by direct suture. 

Upon rewarming and restarting the heart a normal sinus 
rhythm was present that continued until the 6th postoper- 
ative day when bradycardia developed, and pacing was re- 
quired. On the 8th postoperative day complete A-V block 
developed that persisted for 4 days. The patient was given 
digitalis and his condition steadily improved. He was dis- 
charged 3 weeks postoperatively with regular sinus rhythm. 


Discussion 


The criteria for recognition of a Holt-Oram syn- 
drome consist of a familial history of an atrial septal 
defect of the secundum type in conjunction with typ- 
ical deformities of the limbs. The patient stated that 
his mother (now deceased) had similar thumb abnor- 
malities. Various terms,^ such as atrio-digital dys- 
plasia or upper limb cardiovascular syndrome, have 
been used to describe the osseous abnormalities 
found in the Holt-Oram syndrome. 

The majority of patients have an arrhythmia.^-9 A 
wandering pacemaker was the most commonly de- 
scribed rhythm disturbance and, was attributed to 
congenital myocardial disease. Incomplete right bun- 
dle branch block patterns were observed when there 
was an atrial septal defect. This, as well as atrial fi- 
brillation, was observed in our case. However, imme- 
diately postoperatively, when the patient was still on 
the operating table, the cardiac monitor revealed a 
normal sinus rhythm without atrial fibrillation. The 
patient continued to have regular sinus rhythm for 
the first 6 postoperative days when bradycardia de- 
veloped followed by complete A-V block within two 
days; this required temporary cardiac pacing. We as- 
sume that the bradycardia and block were the result 
of an edematous reaction along the conduction sys- 
tem adjacent to the pericardial patch closure of the 
large ostium primum defect. 
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The clinical, hemodynamic, angiographic and pathologic features o 
unilateral pulmonary vein atresia in a 16 month old boy are described 
The relevant findings were symptoms and signs of influenza, roentgen 
ographic evidence of unilateral diffuse interstitial edema, prominent in 
terlobar fissures and pleural effusion, absence of abnormal cardia: 
structure and prominent unilateral bronchial circulation. Angiocardi 
ography was necessary for a definitive diagnosis and revealed the lacl 
of a site of entry for venous blood from the right lung into the circula 
tion. The patient was treated successfully by a right pneumonectomy 
The histologic hallmark in this case was extensive intimal fibrosis o 
the pulmonary veins. 


Congenital unilateral pulmonary vein atresia produces a unique ht 
modynamic profile that results in clinical findings entirely differer 
from those of bilateral pulmonary venous obstruction. In this pape 
we describe an anomaly that caused unilateral obstruction to pulm« 
nary venous return. The anomaly was difficult to recognize clinicall 
and required cardiac catheterization and angiography for definitiv 
diagnosis. The favorable prognosis after surgical treatment prompte 
us to report this case. 


Case Report 


A 16 month old Caucasian boy was referred to the Texas Children's Hosp 
tal with a diagnosis of right pleural effusion. He had been born prematurel 
(weight 1.58 kg) after an otherwise uncomplicated prenatal course and delir 
ery. The neonatal course was uneventful, and the infant was discharged fro) 
the nursery at age 1 month weighing 2.25 kg. He had two upper respirato 
infections during the Ist year of life, and his growth and development wei 
normal. 

At age 1 year, he had a febrile illness with cough for 1 week, and a che: 
roentgenogram was interpreted as indicating pneumonia in the right lun 
Films taken 1 week later were reported to reveal an unresolved infiltrate i 
the lower lobe of the right lung. Two months later, fever and cough recurre 
and again there was radiographic evidence of right-sided pneumonia. Tt 
fever subsided but the cough persisted and the right lung remained rad 
opaque. Physical examination at that time revealed dullness to percussic 
and respiratory rales over the right lung. | 

Evaluation for recurrent pneumonia included hemograms, analysis | 
sweat electrolytes, determination of fungal and cold agglutinins and myc 
plasma titer, electrophoresis of serum proteins, skin tests for fungi and tube 
culosis and gram and acid-fast stains of tracheal aspirate; the results were € 
normal or negative. Culture of the tracheal aspirate grew Haemophilus n 
fluenzae. Slight clinical improvement was noted only after pulmonary su] 
portive treatment with postural drainage and a nebulizer mask with Mucon 
yst®. Because the radiographic abnormality persisted, the patient was admi 
ted to Texas Children's Hospital for additional diagnostic studies. 

Physical examination revealed a well developed playful boy in no distres 
Respiratory rate was 30/min and heart rate 140 beats/min with normal p 
ripheral pulses. There was no cyanosis of the lips or nail beds or clubbing 
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the digits. There was dullness to percussion, and breath 
sounds were decreased over the right posterior chest wall. 
The heart was not enlarged and there were no murmurs or 
extra sounds. Other physical findings were noncontribu- 
tory. 

The chest roentgenograms on admission (Fig. 1) re- 
vealed on the right side only, a diffuse increase in the inter- 
stitial and vascular markings associated with Kerley B 
lines, an interlobar fissure and a thickened right pleura 
with effusion. The electrocardiogram was normal. The lab- 
oratory tests were repeated with normal or negative results. 
A right thoracentesis produced 60 cc of serosanguinous ex- 
udate with a specific gravity of 1.027 and protein content of 
2.16 g/100 ml. Viral, fungal and bacterial organisms failed 
to grow from a culture of the pleural fluid. 

Isotope images obtained by repeated inhalation of 
xenon-133 revealed markedly decreased ventilation of the 
right lung. Images obtained by perfusion of the lungs with 
technetium-99m human albumin microspheres revealed al- 
most no perfusion of the right lung. Ventilation and perfu- 
sion of the left lung were normal. 

Cardiac catheterization demonstrated that oxygen satu- 
ration of the blood was greater in the right than in the main 
pulmonary artery (Table I). The wedge pressure in the 
right pulmonary artery was significantly greater than that 
in the left artery. Hydrogen curves confirmed that left to 
right shunting occurred distal to the pulmonary valve. 

A serial biplane angiocardiogram with injection of con- 
trast medium into the main pulmonary artery demon- 
strated a small right pulmonary artery that was less opaque 
than the left artery (Fig. 2A). There was marked preferen- 
tial flow to the left pulmonary artery, and the pulmonary 
capillaries could be seen only in the left lung. The levo- 
phase (Fig. 2B) demonstrated two left pulmonary veins 
emptying into a normal left atrium. The right pulmonary 
veins could not be seen, and the right border of the left 
atrium appeared smooth showing no reflux of contrast ma- 
terial into the right pulmonary vein during atrial systole. 
The delayed sequence frames (Fig. 2C) revealed no right 
pulmonary venous drainage. However, prominent bronchial 
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FIGURE 1. Anteroposterior roentgenogram revealing fine and diffuse 
increase in the interstitial and vascular markings, Kerley B lines, an 
interlobar fissure and pleural effusion, all only in the right lung field. 


arteries to the right lung were demonstrated during the le- 
vophase. / 

Selective cineangiograms of the right pulmonary artery 
demonstrated a flow of contrast material from the right 
pulmonary artery to the left lung. A prolonged sequence at 
12 frames/sec was obtained after a slow injection of con- 
trast material into the lower lobe of the right lung through 
a catheter in the pulmonary arterial wedge position (Fig. 
3); this sequence revealed delayed emptying of the opaque 
material from the right pulmonary bed. Eventually a fine, 
tortuous venous network appeared, which we believe repre- 
sented bronchial veins draining into the azygos vein. 

Surgical treatment: With this information, a diagnosis 
of pulmonary venous obstruction secondary to atresia of 
the right pulmonary veins was made. Pneumonectomy was 
recommended, although we proposed that surgical anasto- 
mosis of the right pulmonary veins be attempted instead if 
adequate right pulmonary veins were found near the left 
atrium during surgical dissection. 

At operation, multiple adhesions in the right pleural 
cavity and a thick pleura could be seen. The right lung was 
edematous, boggy and congested, resembling a sequestered 
lung. An enlarged azygos vein and large, tortuous bronchial 
arteries were found. The right pulmonary veins were atretic 
and were connected to the left atrium by only a strand of 
tissue. A right pneumonectomy was performed. The pa- 
tient had an uneventful recovery and, at discharge, had 
normal arterial blood gas values with a femoral arterial 
oxygen saturation level of 98 percent. 


Pathology 


Gross findings: The pleural surface of the right lung 
was thickened with fibrous adhesions that bound the three 
lobes together. Fresh focal hemorrhages were present. The 
right pulmonary artery and its branches were identified at 
the hilus. There were several smaller ligated vessels, 1 to 2 
mm in diameter, along the hilar surface, most extending 
toward the apex of the lung and entering from the pleura at 
points removed from the main bronchus. Fewer small 
thickened vessels were found toward the base of the lower 
lobe. Injection of contrast material (Hypaque®) into the 
main right pulmonary artery after resection delineated the 
major branches of the artery in all lobes of the lung. A sec- 
ond injection of more dense contrast material (barium) into 
one of the small vessels entering the upper lobe delineated 
more tortuous, smaller vessels within the lobe. These corre- 
sponded to the bronchial arteries observed in the preopera- 
tive angiograms. Neither a single vein nor a complex of ve- 


TABLE | 
Cardiac Catheterization Data 


Oxygen 
Saturation Pressures 
Site (96) (mm Hg) 
Superior vena cava 76 tone 
Right atrium 75 (6) 
Right ventricle 75 28/6 
Main pulmonary artery 75 28/14(20) 
Proximal right pulmonary artery 83 24/18(21) 
Distal right pulmonary artery 89 24/18(21) 
Right pulmonary arterial wedge wifi. (20) 
Left pulmonary artery 76 22/14(19) 
Left pulmonary arterial wedge Pss (12) 
Femoral artery 95 84/60(72) 


Figures in parentheses indicate mean pressure. 


nous channels was identified in the lower segment of the 
lung that might have corresponded to the channel draining 
into the azygos vein as seen in the angiograms. 

On cut section, the lung was focally fibrotic with irregu- 
lar yellow streaks in the parenchyma. However, most of the 
lung appeared well aerated. . 

Microscopic findings: Atelectasis, congestion and 
edema were the most notable microscopic changes in the 
pulmonary parenchyma. Lymphatic vessels in the pleura 
and the interlobular septa just beneath the pleura were 
strikingly dilated. Focal fibrosis in the parenchyma was 


noted. 


Many of the small pulmonary arteries showed medial hy- 





FIGURE 2. Anteroposterior angiograms after injection into main pul- 
monary artery. A, early phase, showing a small right pulmonary ar- 
tery. Note the pulmonary capillaries can be seen only on the left. B, 
levophase, showing two left pulmonary veins emptying into a normal 
left atrium. The right pulmonary veins are not visible. Note the 
smooth border of the right side of the left atrium. C, late levophase, 
showing prominent bronchial arteries to the right lung. 
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pertrophy and some vessels had endothelial proliferatior 
(Fig. 4, left). There were no thrombi in the pulmonary arte 
ries. Bronchial arteries in sections from the upper pulmo 
nary lobe contained barium. An occasional pulmonary ar 
tery of medium size also contained barium, thus indicatin; 
communication between the bronchial and pulmonary arte 
ries. 

Small venous channels in the peripheral parenchyma o 
the lung showed extensive intimal fibrosis with severel 
compromised lumens (Fig. 4, right). Larger pulmonar 
veins showed similar sclerosis; however, atresia was not de 
tected in the sections randomly selected for microscopic ex 
amination. 


VNILAICNAL FULIVIVINANT VECIN AIMCOIM—NASMALLAM CI AL. 





* A 7 
"orco 
> - 
= Se 


FIGURE 3. Selective wedge cineangiocardiogram of the lower lobe 
of the right lung revealing delayed emptying of the contrast material 
from the right pulmonary bed into a fine tortuous venous network. 
These vessels represent bronchial veins draining into the azygos 
vein. 


Discussion 
Etiology 


The common pulmonary vein is a transient ana- 
tomic structure that forms as an outgrowth from the 
left atrium to meet with the pulmonary portion of the 
splanchnic plexus and the primitive cardinal and um- 
bilicovitelline system of veins. With differential 
growth, this connection with the systemic circulation 
regresses and the four individual pulmonary veins 
connect with the common pulmonary vein. The com- 
mon pulmonary vein is then absorbed or incorporat- 
ed into the left atrium so that each of the four pulmo- 
nary veins enters the left atrium separately.! Imper- 
fect development of the common pulmonary vein re- 
sults in any of several distinct anatomic anomalies, 
the exact nature of which is determined by the degree 
of abnormal incorporation or obliteration of the vein 
into the left atrium.?-? 

Conceptually, unilateral pulmonary vein atresia 
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might result from an imperfect incorporation of the 
common pulmonary vein into the left atrium at a late 
stage of development, when the collateral venous 
channels have already regressed and are no longer 
available to form an anomolous pulmonary. venous 
connection. 

Bilateral obstruction of the pulmonary veins can 
result from abnormal development, but can also be 
produced by sclerosis or thrombosis, or both, of the 
pulmonary veins.%!° Bilateral pulmonary venooc- 
clusive disease has been extensively reviewed by 
Rosenthal et al.!! The pathologic hallmark of this en- 
tity is bilateral development of various degrees of ob- 
struction of pulmonary veins and venules by 
thrombi?-!? or thickening of the intima.!4^-!6 In our 
case, we observed extensive intimal fibrosis of the 
pulmonary veins only on the right side. 


Pathophysiology 


The pathophysiologic features of this case differ 
from those of bilateral pulmonary venous obstruction 
in that the obstructed right lung, in the presence of a 
normally draining left lung, received no obligatory 
pulmonary flow. Several compensatory mechanisms 
resulted: (1) The capacity of the pulmonary lymphat- 
ic flow was increased, as is also found in bilateral pul- 
monary venous obstruction.^9 (2) Bronchial venous 
blood drained from the right lung to the systemic cir- 
cuit by way of dilated pleural veins converging into a 
large plexus emptying into the azygos vein (Fig. 3). 
This was interpreted as an alternative pulmonary ve- 
nous pathway that evolved to bypass the obstructed 
pulmonary veins. (3) Pulmonary arterial blood pref- 
erentially flowed to the left lung, probably because 
the obstructed pulmonary venous system in the right 
lung could not accomodate the blood entering the 
pulmonary capillary bed. This hypothesis is support- 
ed by the small size of the main right pulmonary ar- 
tery and by medial hypertrophy of the small pulmo- 
nary arteries (Fig. 4A). (4) Pulmonary flow to the left 
lung was augmented by the backward flow from the 
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FIGURE 4. Microscopic sections of lung. Left, representative small pulmonary artery, disclosing both medial hypertrophy and endothelial prolifer- 
ation. The outer elastic lamina is duplicated. (Verhoeff-Van Gieson elastic stain, X460). Right, small pulmonary vein, disclosing intimal fibrosis, 
medial hypertrophy and fibrosis, and proliferation of elastic fibers in the adventitia. (Verhoeff-Van Gieson elastic stain, X460 (left) and 170 


(right), reduced by 50 percent.) 


right pulmonary artery, which was supplemented by 
flow from the anastomoses with the bronchial artery. 
Evidence for such anastomoses included increased 
blood oxygen saturation in the right pulmonary ar- 
tery, increased right pulmonary arterial wedge pres- 
sure, cineangiographic “washout” of contrast materi- 
al from the periphery of the right pulmonary artery 
toward the main pulmonary artery and demonstra- 
tion of a bronchial and pulmonary arterial connection 
by injection of barium after resection. 


Clinical and Diagnostic Features 


Our case of unilateral pulmonary venous obstruc- 
tion resembled influenza, and the chest roentgeno- 
grams were initially interpreted as indicating pneu- 
monia. Many of the radiographic shadows proved 
histologically to have resulted from infarcts from ve- 
nous obstruction; such shadows are also found in bi- 
lateral pulmonary venoocclusive disease.!? These re- 
current infarcts produced an episodic illness charac- 
terized by pulmonary edema and hemorrhage and 
fever. The fever may be partially explained by the su- 
perimposed infection, which was usually slight. Sub- 
tle bacterial infection has been demonstrated in ex- 
perimental ligation of pulmonary veins in dogs.!? 

The radiographic appearance of the chest was 
probably the most helpful diagnostic finding initially; 
the abnormalities were all unilateral, in contrast to 
those associated with bilateral pulmonary venous ob- 
struction. They included a diffuse increase in the fine 
interstial and vascular markings often associated 
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with Kerley B lines, a visible interlobar fissure, and 
pleural thickening or effusion, or both (Fig. 1). Iso- 
tope ventilation-perfusion studies demonstrated ab- 
sent perfusion of the one lung with pulmonary ve- 
nous obstruction. 

The definitive diagnostic procedure in the evalua- 
tion of our patient with suspected pulmonary venous 
obstruction was cardiac catheterization with selective 
cineangiography. 'T'he increase in blood oxygen satu- 
ration in the right pulmonary artery in the absence of 
a patent ductus arteriosus suggested bronchial arteri- 
al communication with the pulmonary arteries. The 
pulmonary wedge pressure in the obstructed lung was 
greater than that in the nonobstructed lung. This 
finding correlated well with the roentgenographic 
findings and was produced by the small amount of 
obligatory flow to the obstructed lung by way of the 
bronchial circulation as demonstrated hemodynami- 
cally, angiographically and histologically. | 

Surgical correction of unilateral pulmonary ve- 
nous obstruction is theoretically possible if several 
anatomic criteria are met. The end pulmonary ve- 
nous channels must be large, out of the lung paren- 
chyma and close to the atrial wall. In the absence of 
these favorable anatomic features, surgical anasto- 
mosis is impossible and pneumonectomy is recom- 
mended because the obstructed lung becomes a site 
of repeated infection. 
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Metabolic Changes in Myocardial Infarction 


RICHARD J. BING, MD, FACC 


Pasadena, California 


Efforts to study cardiac metabolism have focused on 
matters of physiologic and biochemical interest; little 
attention has been paid to clinical applicability. At 
the outset, concern was with the nutrition of the 
heart, as first studied in the perfused cold-blooded 
animal and finally in the human heart in situ.! This 
phase was followed by investigations into the mecha- 
nism of coupling between excitation and contraction 
in heart muscle, processes related to calcium binding 
and uptake, and studies on the nature of contractile 
proteins. In addition, changes in biochemical path- 
ways in myocardial infarction were defined and mor- 
phologic correlations accompanying the repair of 
myocardial infarction were described.? 

During these phases, the clinician’s interest in car- 
diac metabolism has been peripheral, although the 
fundamental importance of these studies to the clini- 
cal investigator must have been obvious. They con- 
cern the nature of disturbances underlying myocar- 
dial failure, the morphology and biochemistry of 
heart muscle exposed to sudden ischemia, and the 
development and progression and healing of a myo- 
cardial infarction.” 

— The knowledge gained has been valuable, but has 
failed to influence clinical thinking even though evi- 
dence has been presented showing that it is possible 
to increase the rate of healing of a myocardial infarc- 
tion with growth hormones, catabolic steroids, ascor- 
bic acid or insulin.? 

_ From these fundamental bases, Opie, in an article 
in this issue of the Journal,’ has taken a further step 
in relating fundamental studies on cardiac metabo- 
lism to the clinical course of patients with myocardial 
infarction. From a discussion of the metabolism of 
free fatty acids and their still doubtful relation to ar- 
rhythmias and myocardial infarction, he digresses to 
a discussion of the interaction between free fatty 
acids and catecholamines, the cellular effects of free 
fatty acids and the therapeutic use of glucose in heart 
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disease. The article would have been more complete 
had he included observations on the link between 
protein synthesis, the effect of insulin, growth hor- 
mone and the repair of infarcted tissue. He stresses 
the concepts of Sodi-Pallares, primarily as they per- 
tain to the prevention of cellular potassium loss. As 
indicated, more subtle effects of glucose-insulin-po- 
tassium mixture have been described in relating the 
action of insulin on protein synthesis in the infarcted 
area.? Unfortunately, in man this effect cannot be 
verified and in animals they necessitate difficult bio- 
chemical procedures such as the incorporation of la- 
beled amino acids into proteins. This effect of glu- 
cose-insulin-potassium precedes by a considerable 
time span the other more rapid actions of glucose 
such as the provision of anaerobic energy to the isch- 
emic tissue, the inhibition of lipolysis, the increase in 
plasma volume or the effect on the tissue content of 
glycogen, lactate and high energy phosphate. 

I believe that the main contribution of Opie's arti- 
cle lies in an appraisal of the difficulties in applying 
results obtained “at the bench" to “the bedside.” 
Opie has given us a scholarly discussion of the physi- 
ologic and biochemical mechanisms underlying myo- 
cardial infarction, but we must be aware that a valid 
translation of these results into therapy are still spec- 
ulative: No Rosetta stone has yet been found. Herein 
lies the frustration of all of us interested in cardiac 
metabolism who have labored in the laboratories and 
have tried to apply our results to the clinic. Only too 
often has pure clinical judgment at the bedside alone 
preceded any application of fundamental scientific 
principles. Yet, we must continue to try to relate our 
academic data to the clinical situation, and eventual- 
ly the stones of the mosaic may fall into place and re- 
veal a valid and useful picture. Dr. Opie's article is a 
step in this direction. 
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Problems in Measurement of Serum Digoxin by 
Commercially Available Radioimmunoassay Kits 


NORMAN P. KUBASIK, PhD 
BERNARD B. BRODY, MD 
S. SERGE BAROLD, MB, FRACP, FACC 


Rochester, New York 


The rapidly expanding field of radioimmunoassay 
techniques has led to widespread use of this relative- 
ly simple and rapid method for determining serum 
digoxin concentration. Most clinical laboratories are 
not equipped to produce antisera and must therefore 
rely upon commercial sources for antibodies and ra- 
dioisotopically labeled compounds. The recent prolif- 
eration of commercially available radioimmunoassay 
kits for measuring serum digoxin has created new 
and important problems for the physician and clini- 
cal laboratory. 

We have tested 11 such kits (5 tritium- and 6 io- 
dine-labeled) from nine manufacturers to assess their 
usefulness in measuring serum digoxin in man.!-? All 
kits were compared for: (1) precision (reproducibility 
of the test); (2) accuracy (recovery of a known 
amount of added digoxin to sera); (3) assay of serum 
digoxin levels; (4) specificity (analysis of the effect of 
digitoxin on the assay of digoxin); and (5) sensitivity 
(minimal detection limits of the assay). 

All studies were performed in duplicate by the 
same operator, and the manufacturers’ instructions 
were strictly followed. The patients’ sera were free of 
radiation from any diagnostic procedures.* Our stud- 
ies revealed several areas of concern. 

1. Precision: The precision of the kits was evalu- 
ated by the repeated assay of two specimens for each 
kit. Representative samples were selected so that the 
digoxin level of one was 0.6 to 2 ng/ml and that of the 
other clearly exceeded 2 ng/ml.!? Each specimen was 
divided into 20 aliquots and all were assayed within 
the same run. The coefficient of variation (the stan- 
dard deviation expressed as percent of the mean) was 
used to describe the degree of reproducibility. The 
average coefficient of variation of the tritium-labeled 
kits was 11.1 percent (range 9.3 to 13.5 percent) at 
“therapeutic” levels (less than 2 ng/ml) and 7.4 per- 


From the Department of Clinical Laboratories and Division of Cardi- 
- ology, Department of Medicine, the Genesee Hospital and the Uni- 
versity of Rochester School of Medicine and Dentistry, Rochester, 
N. Y. 

Address for reprints: Norman P. Kubasik, PhD, Department of 
Clinical Laboratories, The Genesee Hospital, 224 Alexander St., 
Rochester, N. Y. 14607. 


cent at elevated levels (range 3.5 to 13.7 percent) 
The average coefficient of variation of the iodinated 
kits was 11.4 percent (range 1.0 to 20.4 percent) at 
“therapeutic” levels and 8.8 percent (range 4.1 tc 
19.1 percent) at elevated levels. Although overall pre: 
cision as judged by the average coefficient of varia- 
tion of all 11 kits (tritium- and iodine-labeled) wa: 
acceptable, much wider variability became evident 
when the iodinated kits were examined separately 
Study of precision is essential because accuracy can: 
not be estimated when precision is poor.? 

2. Accuracy: Table I shows the accuracy of the ra: 
dioimmunoassay technique as reflected by digoxir 
recovery experiments with each kit. Known amount: 
of crystalline digoxin were added to digoxin-free sera 
and the samples were then analyzed for recovery 
“Perfect” accuracy would have been 100 percent re- 
covery. Values less than 100 percent would underesti. 
mate the serum digoxin level and vice versa. Accura: 
cy in relation to the average amount of digoxin recov: 
ered (expressed as percent of the amount of digoxir 
originally added) was quite good at the various level: 
studied when all 11 kits were considered together 
but closer analysis of the range of values revealed sig: 
nificant variability from kit to kit, with the iodinatec 
kits exhibiting the most serious variations. 

3. Measurement of serum digoxin: These analy 
ses were performed using the 11 kits on sera from : 
small unselected patient population (Table II) 
Widely different results were obtained for the samt 
sample, and there were striking differences in thi 
number of “toxic” values (as defined by the manufac 
turer). Sera from a normal volunteer group (not tak 
ing cardiac glycosides) revealed essentially zer 
values for digoxin levels. Consequently, the dis 
crepancies outlined in Table II would not appear t« 
arise from a nonspecific or background effect of thi 
sera on the assay. 

The differences in the values of serum digoxin lev 
els cannot be entirely correlated with the results o 
recovery experiments. Voshall et al.9 recently pointec 
out that variation in individual serum samples ma? 
be related to albumin concentration, which may af 
fect binding of the antibody supplied in the kit 
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These workers demonstrated that a variation in 
serum albumin concentration of 1.0 g/100 ml can 
cause a 25 percent error in measured digoxin level. 
Kit to kit variability may stem from other sources: 
Smith and Haber? have emphasized the problems of 
low affinity antisera, inadequate quality control and 
purity of the digoxin assay standards as potential 
sources of poor precision and accuracy. The better 
performance of tritium-labeled digoxin kits may be 
partially attributed to technical factors since all of 
the method of these kits was basically the same, 
whereas that of the iodinated kits differed substan- 
tially (mostly in the technique employed for separat- 
ing free and antibody-bound digoxin). The possible 
inconsistent reliability and stability of the currently 
available iodinated digoxin has been discussed by 
Drews and Pileggi? as another possible critical source 
of error in digoxin radioimmunoassay. Troublesome 
iodinated digoxin may come from potentially impure 
125] supplied by radiochemical manufacturers.? More 
studies are required to further standardize the assay 
for serum digoxin by means of radioimmunoassay 
kits. 

_ 4. Specificity: All 11 kits showed the anticipated 
effect of digitoxin on the assay of digoxin. For exam- 
ple, the addition of 20 ng/ml of digitoxin to drug-free 
sera resulted in digoxin levels ranging from 0.61 to 
2.4 ng/ml with the iodinated kits.? As previously re- 
ported, caution is needed when assaying for digoxin 
when the actual glycoside ingested is unknown. 

. 5. Sensitivity: Only one kit could accurately dif- 
erentiate a digoxin concentration of 0.1 ng/ml from 
ero and only one could accurately differentiate a 
oncentration of 0.2 ng/ml from zero.? None of the 
ther kits could distinguish 0.3 ng/ml from zero.? 
"hese limitations are important because sera from 
iormal volunteers (laboratory personnel) not receiv- 
ag digoxin or other cardiac glycosides may occasion- 


ABLE II 


inalysis of Digoxin in Patient Samples (ng/ml)? * 


TABLE | 


Accuracy of Commercially Available Digoxin Radioimmunoassay 
Kits: Recovery Experiments’? 





Digoxin Recovery (96) 





Number 
of Kits Digoxin Average 
Type of Evalu- Added* from All Range from 
Commercial Kit ated (ng/ml) Kits Individual Kits 
lodine-labeled 6 0.5 85 12-122 
1.0 100 69—127 
2.0 101 78—113 
5.0 94 73—104 
Tritium-labeled 5 0.5 91 78—98 
1.0 91 83—107 
2.0 97 89.5—108.5 
5.0 104 86—120 


* Purchased from Schwarz/Mann, Orangeburg, N.J. 
The recovery data are based on a minimum of four experiments at 
each level. 


ally reveal spurious but consistently low serum digox- 
in levels.'? Indeed, we found that with most kits a di- 
goxin level of 0.2 or 0.3 ng/ml cannot be interpreted 
as evidence of previous digoxin or digitoxin therapy. 
Conversely, a zero digoxin level does not rule out the 
presence of a relatively small but finite amount of di- 
goxin in the serum. The minimal detection limit of 
most currently available digoxin radioimmunoassay 
kits appears to be 0.5 ng/ml.? 

Clinical implications. Each laboratory must care- 
fully and rigorously evaluate its own digoxin radioim- 
munoassay kit before using it as a routine diagnostic 
tool. Key measurements should include tests of preci- 
sion and accuracy to evaluate the method and re- 
agents. Adequate quality control within studies and 
from day to day are mandatory. Ongoing checks of 
commercially available material are recommended 
even if the initial evaluation of a kit is acceptable be- 
cause antisera, tracers and assay standards may vary 
significantly from lot to lot. Each laboratory should 


Patient Sample 
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Samples with 
"Toxic'' Resultst 


d 6 7 8 9 10 (mean no.) 
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B. Tritium-Labeled Kits 
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* Kits A to F employed iodinated tracer and all assayed the same samples. A different group of samples was assayed by the tritium-labeled 


ts, G to K. 
t According*to literature supplied by manufacturer. 


determine its own “therapeutic” and “toxic” digoxin 
walues in conjunction with the local clinical experi- 
ence. When comparing data from different laborato- 
ries one must know which kit has been used because 
variations in values from the same sample may be 
due to differences in the kit rather than in tech- 
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nique itself. In this context it should be remembered 
that the diagnosis of digitalis intoxication is a clini- 
cal, never a laboratory, diagnosis. The clinician 
should appreciate the pitfalls and limitations of this 
recently available test in order to use it wisely in 
managing patients with heart disease. 
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DYSKINESIA OF LEFT VENTRICLE IS A MISNOMER 


Recently left ventricular wall motion has been described in 
many terms such as akinesia, hypokinesia or dyskinesia. 
Dyskinesia is often used to refer to left ventricular aneu- 
rysm characterized by paradoxical motion. During systole 
the left ventricle normally moves uniformly toward the 
central axis and the apex toward the base of the heart. But 
in true ventricular aneurysm, the aneurysmal portion is 
supposed to move away from the base like a rubber bal- 
loon—when one part is squeezed the rest bulges out— 
hence, the term dyskinesia or paradoxical motion. How- 
ever, on examination of a left ventriculogram during sys- 
tole, the aneurysmal portion, instead of moving away para- 


FIGURE 1. Left ventriculogram of a patient during diastole (A) and during systole (B). 
Line shows superimposition of diastole shown in A. Inward arrows show the direction of 
motion of the heart muscle. At the apex the arrow shows the supposedly outward mo- 
tion of ventricular aneurysm: Note the exact position of the ventricular aneurysm during 
doth systole and diastole. 





doxically as it is said to, remains motionless and the rest of 
the wall moves toward the central axis. Although I have re- 
viewed more than 200 left ventriculograms of cases of true 
aneurysm, all documented at operation, I have not ob- 
served the paradoxical motion. Paradoxical motion was not 
seen even during surgical exposure of the aneurysms.! His- 
tologic studies of the aneurysm in all cases revealed the tis- 
sue that comprises the aneurysm to be fibrous tissue, which 
lacks elasticity. Therefore, we should not expect the aneu- 
rysm to have paradoxical motion. 

The term dyskinesia was probably used by early roent- 
genologists viewing the heart wall motion during conven- 
tional fluoroscopy. Paradoxical motion of the left ventricle 
may be an optical illusion. However, the left ventriculo- 
gram overcomes that illusion, probably because of improve- 
ment in modern image intensification methods and televi- 
sion monitors. Because dyskinesia of the left ventricle does 
not occur, the use of this term should not be condoned. 


Gopal Rao, MD 

Department of Thoracic and Cardiovascular Surgery 
Shadyside Hospital 

Pittsburgh, Pennsylvania 
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CONCEALED VENTRICULAR EXTRASYSTOLES 


Lee et al.' recently discussed their experimental observa- 
tions with concealed ventricular extrasystoles. This inter- 
esting phenomenon has been virtually ignored since the 
original reports by Schamroth and Marriott?? in 1961 and 
1963, although Schamroth considers it a common disorder 
of rhythm.* 

Lee et al. constructed an experimental model with a con- 
tinuous and persistent bigeminal ectopic mechanism. By 
decreasing the coupling interval between conducted and 
ectopic beats, they produced true concealment with only 
odd number conducted beats intervening between extra- 
systoles. To explain quadrigeminy, they proposed the 
mechanism of cyclic alterations in refractory period prolon- 
gation proportional to the length of the preceding cardiac 
cycle, with concealed extrasystoles following longer com- 
pensatory pauses and manifest extrasystoles following 
shorter consecutive conducted beat cycles. A cumulative ef- 
fect refractory period prolongation was hypothesized to ex- 
plain mixed bigeminy and quadrigeminy. The reason for 
longer periods of concealment (5 to 13 uninterrupted con- 
ducted beats) was more difficult to explain. 3 

I recently reported a previously unobserved phenome- 
non, concealed extrasystolic ventricular bigeminy with in- 
terpolation.? In this arrhythmia, there are no compensatory 
pauses and the mechanism of longer cycle lengths with re- 
sultant prolongation of the subsequent ventricular refrac- 
tory period cannot be evoked to explain concealment. 
Moreover, the appearance of extrasystoles obeyed the “rule 
of bigeminy" with longer cycle R-R intervals precipitating 


and shorter cycle R-R intervals not precipitating manifest 
‘extrasystoles. This, too, is at variance with the hypothesis 
of Lee et al., and would favor ectopic enhancement rather 
than reentry as the cause of coupled extrasystoles.^* Only 
an even number distribution (2, 4 or 8) of conducted beats 
intervened between extrasystoles conforming to 2n + 2 
sinus beats between manifest extrasystoles during a contin- 
uous recording of 5 minute’s duration with 108 interectopic 
intervals. Schamroth and Marriott? have also reported a 
case of concealed trigeminy with interpolation with 3n + 3 
sinus beats between extrasystoles. 

I would be interested if Lee et al. could reconcile the ap- 
parent contradictions between my observations and their 
results. 


Paul R. Lightfoot, MD 
Department of Internal Medicine 
Kaiser Foundation Hospital 
Fontana, California 
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As Dr. Lightfoot has emphasized, the entire subject of con- 
cealed extrasystoles has been neglected, although it now 
appears that this type of rhythm disturbance is very com- 
monplace. Dr. Lightfoot's paper? on concealed bigeminy 
with interpolation is now in press. We also have a paper in 
press describing three variants of concealed bigeminy, one 
of which is also concealed bigeminy with interpolation.? 

In our recent study! of concealed bigeminy in animals, 
we demonstrated that one mechanism producing conceal- 
ment was the prolongation of refractoriness associated with 
the compensatory pause. In that study and in our current 
clinical study,? we described other possible mechanisms as 
well. In both papers, we favored the reentry over the ectop- 
ic enhancement theory as an explanation for the general 
phenomenon, but we did acknowledge that definitive proof 
has not yet been obtained. Dr. Lightfoot indicates that the 
appearance of extrasystoles in his patient obeyed the “rule 
of bigeminy.” He cites this as support for the ectopic en- 
hancement rather than the reentry theory. However, Lan- 
gendorf et al.4 who formulated the “rule of bigeminy," con- 
cluded that their rule strongly favored the reentry theory: 
“The fact, as shown in this report, that the occurrence of a 
premature systole may be a function of cycle length is hard 
to reconcile with any other explanation but the re-entry 
concept.” 

Matthew N. Levy, MD 

Department of Investigative Medicine 
Mt. Sinai Hospital of Cleveland 
Cleveland, Ohio 


References 


1. Lee MH, Levy MN, and Zieske H: Role of the compensatory pause in the production 
of concealed bigeminy. Am J Cardiol 34:697—703, 1974 


“LETTERS 70 THE EDITO 


2. Lightfoot PR: Concealed extrasystolic ventricular bigeminy with interpolation, Chest 

in press 

3. Levy MN, Adler D, Levy JR: Three variants of concealed bigeminy. Circulation, ii 
press. 

4. Langendorf R, Pick A, Winternitz M: Mechanisms of intermittent ventricular bigemi 
ny. |. Appearance of ectopic beats dependent upon length of the Vepttis lar cycle 
the “rule of bigeminy.'' Circulation 11:422—430, 1955 


SIGNIFICANCE OF FOURTH HEART SOUND AND 
SPLIT FIRST HEART SOUND 


Recently increased attention was given to the fourth heart 
sound, and the discussion provoked by the editorial oi 
Fowler and Adolph! revealed many different views.?? One 
of the main problems is an auscultatory and phonocardio- 
graphic interchange between the fourth heart sound and 
the split first heart sound. Fowler and Adolph? concluded; 
“Many instances of reported audible fourth sounds by stu. 
dents, house staff and others actually represent an audible 
split of the first sound. We welcome further studies tc 
prove or deny this hypothesis." This challenge has stimu- 
lated us to communicate our experiences and to call atten- 
tion to an incidental relation of the split first heart sound 
to the fourth sound. 

Many investigators!-? have not stressed the difterendi 
between physiologic (close) and pathologic (wide) splitting 
of the first sound nor have they stressed the importance ol 
the pathologic splitting of the first heart sound. However 
Rectra et al.? found that of 57 patients with cardiovasculai 
abnormalities and with the fourth sound verified by a pho- 
nocardiogram, 16 had splitting of the first sound (28 per- 
cent) and of 20 patients with cardiovascular abnormalities 
with no fourth sound, 16 (80 percent) had splitting of the 
first sound. Recordings suggest that some of these patients 
probably had pathologic splitting of the first heart sound. 
Such a distribution of the split first sound could have a 
clinical significance. 

Our observation concerns patients in functional classes ] 
and II (New York Heart Association criteria) (diagnosis: 
chronic ischemic heart disease, hypertensive heart disease 
and cardiomyopathy, 40 sabjecta: age range 26 to 77 years, 
average age 51.3 years). All patients had a regular sinus 
rhythm. Disturbances of atrioventricular (A-V) conduction 
and bundle branch block were absent. In these patients the 
first sound was widely split, its duration was longer and ol 
smaller amplitude in comparison with the normal first 
sound, which on auscultation was soft and muffled. Sounds 
with normal or increased amplitude were also recorded (on 
auscultation. loud or accentuated split first sound). All 
pathologic splittings of the first sound were audible and 
were confirmed phonocardiographically. Average duration 
of the split was 70 msec. The occurrence of the wide first 
sound splitting was reported by Cossio et al.® and recently 
in patients with chronic coronary heart disease without 
cardiac failure.” In all except three patients, abnormal sys- 
tolic time intervals (prolongation of preejection period 
[PEP], abbreviations of left ventricular ejection time 
[LVET] and increase of PEP/LVET ratio) were recorded. 
In randomly selected healthy persons or patients in whom 
cardiopulmonary disease was excluded (28 subjects, age 
range 21 to 95 years, average age 42.8 years) only physiolog- 
ic splitting of the first sound and normal systolic time in- 
tervals were found. All differences discussed were statisti- 
cally significant (P <0.01—-0.001). Observed auscultatory 
and phonocardiographic changes of the first heart sound 
accompanied by abnormal systolic time intervals could be 
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explained by left ventricular dysfunction. 

It seems that the fourth sound (eventually the third 
sound) could be connected with abnormalities of the first 
sound by a common denominator: Simultaneous occur- 
rence of the audible fourth and third sounds was found 
only in the patients with heart disease and not in the con- 
trol group. In addition we recorded an occurrence of the 
pathologic first sound splitting at the initial phase of cardi- 
ac insufficiency before appearance of the fourth (eventual 
third) sound. When blood flow was restored, splitting of 
the first sound disappeared simultaneously with or just 
after the fourth sound. Auscultatory and phonocardio- 
graphic disappearance of the diastolic sounds and normali- 
zation of the first sound during left ventricular compensa- 
tion of acute myocardial infarction, hypertensive heart dis- 
ease, cardiomyopathy or chronic ischemic heart disease can 
hardly be regarded as accidental. 

Data given by other authors support our views. Ducho- 
sal? suggested a close and probably causal relation between 
the fourth sound and alterations of the first sound. In hy- 
pertensive patients he recorded phonocardiographically a 
longer duration of the first sound (150 msec) preceding de- 
compensation. The first heart sound prolongation was au- 
lible and considered a precursor of atrial gallop. Master 
ind Friedman? found that of patients with acute myocar- 
lial infarction who had a muffled first sound and a fourth 
sound, 96 percent had cardiac failure; manifest circulatory 
failure was found in only 33 percent of patients without a 
decrease of the amplitude of the first sound. 

Our experience suggests that (1) a true audible fourth 
heart sound is usually a pathologic finding; (2) auscultatory 
splitting of the first sound often mimics the fourth sound; 
(3) the fourth sound with the first component of the first 
sound could simulate the splitting of the first sound; and 
4) alterations of the first sound, mainly wide splitting, in 
»atients with cardiovascular diseases in whom valvular 
lamage is excluded and A-V and ventricular conduction is 
within normal limits should be considered a sign of dis- 
uurbed left ventricular dynamics. In such cases wide split- 
ing of the first sound could precede the appearance of the 
ourth sound or third sound, or both, and could be a sign of 
ncipient cardiac insufficiency. 


Igor Riecansky, MD 

Vladimir Haviar, MD 

Second Medical Clinic of Faculty of Medicine 
y Comenius University 

Bratislava, Czechoslovakia 
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IEPLY 
tiecansky 4nd Haviar may be correct in their contention 
hat increased width of splitting of the first heart sound 


may be a sign of heart disease, and that the sign often pre- 
cedes the development of audible third and fourth heart 
sounds when there is progressive left ventricular dysfunc- 
tion. Our editorial! dealt with splitting of the first sound in 
normal subjects only; we have no data concerning splitting 
of the first sound in heart disease. As we have emphasized, 

it is essential to distinguish between sounds that are re- 
corded by phonocardiogram and those that are actually au- 
dible with the aid of the stethoscope. We suggest that Rie- 
cansky and Haviar submit their material for Una non? so 
that it may be subjected to critical scrutiny. 


Noble O. Fowler, MD 

Robert J. Adolph, MD 

University of Cincinnati Medical Center 
Cincinnati, Ohio 
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BOARD CERTIFICATION OF CARDIOLOGISTS 


We were particularly struck by the finding of Pritchard 
and Abelmann! that only 10 percent of cardiologists are 
certified in their subspecialty and were disappointed that 
nothing was recommended for the improvement of this sit- 
uation. Of course, with time this percentage will increase as 
new graduates of the present residency programs practice 
cardiology in increasing numbers. 

We would like to suggest a recommendation, with our- 
selves as examples. We are clinical cardiologists, according 
to definition. We are board-certified in Internal Medicine 
and one of us has just taken the recertification examina- 
tion. We have practiced cardiology for 5 and 10 years, re- 
spectively (over 70 percent), are accepting new patients 
only by doctor's referrals for cardiac problems and are ac- 
tively involved in cardiology in two hospitals, including one 
major medical center. We have made great attempts to 
keep up with the advances in the field. However, we are in- 
eligible to take the examination in the subspecialty because 
we did not spend the prerequisite time in a formal residen- 
cy program limited to cardiology. We are sure there are 
vast numbers of clinical cardiologists in this same position 
and are equally certain that many of us could be certified if 
given the opportunity. We recall that, in the not too distant 
past, the board examination in Internal Medicine was of- 
fered to internists who lacked the prerequisite number of 
years of formal residency and that subsequently many 
passed who are presently very competent board-certified 
internists. We suggest that clinical cardiologists such as 
ourselves be offered a similar opportunity to become 
board-certified cardiologists by taking the tests. 

Calvin E. Oyer, MD 
Lubomir Jawny, MD 
North Arlington, New Jersey 
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Those of us engaged in the Adult Cardiology Manpower 
Study! were truly surprised to find that only 55 percent of 


all cardiologists are certified in Internal Medicine, and only 
about 10 percent are certified in Cardiovascular Disease. 
Even in the case of the younger cardiac specialists who are 
the product of more formal training, require special skills 
or expertise and are more apt to see patients in consulta- 
tion, the percentage certified in Internal Medicine and the 
percentage certified in Cardiovascular Disease were not 
much higher. The real question is, are these current find- 
ings in the best interest of.the patient? How can the pa- 
tient determine that the doctor caring for his cardiovascu- 
lar problem is qualified to do so? 

The American Board of Internal Medicine and its Sub- 
specialty Board in Cardiovascular Disease, as is true for 
other boards, have established rather rigid criteria for 
. training. It is true that in the past an internist without the 
required training could, after a number of years of practice, 
be admitted to examination and, if successful, certified. 
Thus far, the American Board of Internal Medicine has 
maintained a rather rigid attitude about reverting to “sub- 
optimal training program" prerequisites for applicants. 
However, the board is aware of the pressures to face this 
issue that will develop in the future as recertification be- 
comes necessary. The American College of Cardiology, in 
conjunction with the Council of Clinical Cardiology of the 
American Heart Association, has established a dialogue 
with the Subspecialty Board for the purpose of developing 
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a mechanism for recertification of certified cardiologists. | 
Preliminary discussions indicate that the self-assessment 
examination recently prepared by the College and the 
American Heart Association will serve the same purpose as - 
the self-assessment examination for internists that was 
prepared by the American College of Physicians. 

The American College of Cardiology is mindful of the - 
large number of cardiologists who are not certified but who — 
are practicing as cardiologists. Many are outstanding cardi- 
ologists, others are probably general internists and would — 
more correctly be referred to as having interests in cardiol- 
ogy. 

We appreciate the problem presented by Oyer and 
Jawny and assume that in the not-too-distant future some 
solution will be made that takes into account their situa- 
tion, which appears to be a general one. 

Forrest H. Adams, MD, FACC 
Principal Investigator, 
Adult Cardiology Manpower Study - 
University of California 
Los Angeles, California 
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LT, et al. Am J Med 58(6):837-46, Jun 75 (85 ref.) 


HEART FUNCTION TESTS 


Hemodynamic consequences and clinical 
significance of the handgrip test. Krayenbuehl HP, 
et al. Eur J Cardiol 1(1):5-9, Sep 73 (22 ref.) 


HEART VALVE DISEASES 


Pharmacological agents and auscultation. de Leon 
AC Jr, et al. Mod Concepts Cardiovasc Dis 
44(5):23-8, May 75 (13 ref.) 


HYPERTENSION 


Adolescent hypertension. Kilcoyne MM. 
Am J Med 58(6):735-9, Jun 75 (26 ref.) 
Atherosclerosis and the pediatrician. Friedman GM. 


. * Citations obtained from the National Library of Medicine's MEDLARS Retrieval Program— Bibliog- 
raphy of Medical Reviews. The first of these Bibliographies, and an explanatory editorial, appeared in 
the September 1971 issue (Am J Cardiol 28: 366-367, 1971). 


Curr Concepts Nutr 3:113-31, 75 (34 ref.) — 


MYOCARDIAL DEPRESSANTS 


Pharmacokinetic data and drug monitoring: I. 
Antibiotics and antiarrhythmics. Chow MS, et al. 
J Clin Pharmacol 15(5-6):405-18, May-Jun 75 (146 
ref.) 


MYOCARDIAL INFARCT 


Current status of aorto-coronary bypass graft 
surgery. Segal BL, et al. Cardiology 59(5):277-303, 
1974 (133 ref.) 


MYOCARDIAL 
REVASCULARIZATION 


Surgical measures for coronary heart disease (third 
of three parts). Mundth ED, et al. 
N Engl J Med 293(3):124-30, 17 Jul 75 (43 ref.) 


BOOK REVIEWS 


. REVIEWS IN CARDIOLOGY - 


PROPRANOLOL 


Clinical pharmacology of propranolol. Nies AS, et 
al. Circulation 52(1):6-15, Jul 75 (67 ref.) 

SMOKING 

Atherosclerosis and the pediatrician. Friedman GM. 
Curr Concepts Nutr 3:113-31, 75 (34 ref.) 


THROMBOPHLEBITIS - 


The detection of venous thrombosis. Young JR, et 
al. Clin Orthop (107):123-7, 1975 (19 ref.) 


THROMBOSIS 


New aspects of the thrombogenic effect of oral 
contraceptives. Astedt B. Am Heart J 90(1):1-3, 
Jul 75 (29 ref.) 


VASODILATOR AGENTS 

Pharmacological agents and auscultation. de Leon 
AC Jr, et al. Mod Concepts Cardiovasc Dis 

44(5):23-8, May 75 (13 ref.) 
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CORONARY HEART DISEASE, 2nd International Sympo- 
sium at Frankfurt 1972, edited by K. Kaltenbach, P. Lichtlen 
and G. C. Friesinger. Stuttgart, Germany, Georg Thieme, 
1973, 329 pages, $26.70 


This symposium consists of seven sections: (1) action of ni- 
troglycerin, experimental and clinical findings; (2) coronary 
arteriography and ventriculography; (3) the course of coro- 
nary artery disease evaluated by coronary angiography; (4) 
the left ventricle in coronary disease; (5) measurement of 
left ventricular volume; (6) surgical treatment of left ven- 
tricular failure in coronary disease; and (7) surgery of coro- 
nary arteries. The investigations reported in these various 
sections are usually of 4 to 7 pages, appropriately illus- 
trated and summarized and provided with pertinent refer- 
ences. 

The section on nitroglycerin contains a sufficiently 
lengthy and detailed summary of the cardiovascular effects 
of this drug to make it of value as a source of reference ma- 
terial for investigators. The section on coronary arteriogra- 
phy reviews experiences with the Sones and Judkins tech- 
niques, tabulating and comparing data on complications. 
Perhaps surprisingly, the section devoted to the course of 
coronary disease, as evaluated by coronary arteriography, 
has not been superseded to any great extent. Studies of the 
maximal rate of decline of left ventricular pressure and re- 
laxation of velocity of the contractile elements during myo- 
cardial ischemia highlight the section related to the left 
ventricle in coronary disease. Description of an automated 
method for calculating left ventricular volume and a report 
of utilization of scintillation cameras for the noninvasive 
measurement of left ventricular volume are featured in the 
section on ventricular volume. Means of assessing aortocor- 
onary bypass, such as intraoperative angiocardiography, 


electromagnetic flowmetry and xenon residue techniques, 
are included in the section on coronary surgery. 

The book is spotty. It may be of value to physicians with 
specific requirements for detailed information in the areas 
covered by the various sections. | 


Paul D. Stein, MD, FACC 
Oklahoma City, Oklahoma 


SICK SINUS SYNDROME, by M. Irene Ferrer, MD, New 
York, Futura Publishing Company, 1974, 122 pages 


It has been 30 years since this reviewer, then a medical stu- 
dent, was first exposed to the medical talents of Dr. Irene 
Ferrer, and almost 25 years since he was a cardiology fellow 
in the catheterization laboratory under her. This volume 
demonstrates that the years have done nothing to alter her 
ability to analyze incisively medical problems and develop 
appropriate therapeutic approaches. The book also demon- 
strates that a knowledge of clinical electrophysiology has 
become essential to the clinical cardiologist and electrocar- 
diographer and illustrates the importance of clinically use- 
ful methods for evaluation of the conduction system. ^ 

This short volume provides the student of cardiology 
with an excellent review of the present status of the sick 
sinus syndrome that can easily be read in one evening. The 
clinical and electrocardiographic features of the syndrome 
are clearly presented, with emphasis on primary sinus 
bradycardia, sinus arrest and sinoatrial exit block. The 
brady-tachyarrhythmia sequence is discussed with clarity, 
the frequency of associated atrioventricular conduction 
disturbances is stressed as well as the need for Careful ob- 
servation and possible clinical study of patients with sinus 
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. BOOK REVIEWS 
_ bradycardia with heart rates below 50 beats/min, especially 
- if the rates are in the high 30's or low 40's. 
The section on provocative tests for diagnosis of this syn- 
. drome is especially valuable. Since the electrocardiographic 
manifestations may be intermittent, long-term (10 to 24 
_ hour) electrocardiographic tape monitoring may be needed. 
_ If these tape studies are noncontributory, then the re- 
_ sponses to intravenous administration of atropine and iso- 
. proterenol may be useful. Atropine is administered in 1 to 2 
. mg doses; if the sinus rate fails to increase, usually to 80 to 
; 90/min, the diagnosis of sick sinus syndrome should be sus- 
. pected and the possibility of vagotonia decreased. Isopro- 
_ terenol is used as a sinus node generator stimulus. How- 
ever, right atrial pacing with overdrive suppression is the 
- best and most useful laboratory test for the sick sinus syn- 
- drome. Dr. Ferrer stresses that drugs alone are often not 
. useful, and that ventricular pacing is the preferred therapy. 
. She emphasizes that optimal clinical timing of permanent 
ventricular pacer implantation is often quite difficult. 
A minor criticism is the lack of discussion of the possible 

. use of coronary sinus pacing in preference to right ventricu- 
- lar pacing, but only if His bundle studies have established 

that atrioventricular conduction is normal. The author also 
fails to discuss the occasional atrial pacing study wherein 

sinus nodal recovery time is normal before administration 
_ of atropine but becomes abnormal after atropine. This phe- 
 nomenon is due to atrio-sinus block during atrial pacing 
- before atropine; a prolonged sinus recovery time (500 msec 
- longer than the control sinus cycle interval) after atropine 
suggests strongly the sick sinus syndrome. 

. The volume is highly recommended to the physician in- 
- terested in a common clinical problem. 


Philip Samet, MD, FACC 
Miami Beach, Florida 


E PATHOLOGY ANNUAL: 1974, edited by Sheldon C. Som- 
mers. New York, Appleton-Century-Crofts, 1974, 478 
pages, $20.50 


Advances in the field of pathology should be of general in- 
_ terest to all physicians, but only three chapters in this vol- 


A 


ume have particular significance for the specialist in car- 
diovascular diseases. ^ 

The pathologic features of chronic pulmonary hyperten- 
sion are reviewed by Jesse Edwards, whose experience in 
this area is legendary and who presents classic background 
material. Differentiation of the various pathologic lesions 
in relation to the different types of intracardiac shunts is of 
primary importance to the student of cardiology, but un- 
fortunately, there is a paucity of current references on this 
topic. The pathophysiologic features of pulmonary hyper- 
tension, particularly the dynamic relation to many diverse 
clinical states and ventilatory patterns, have received much 
recent attention. Some correlation of these data should 
have been provided in an annual review. 

The chapter on sarcoidosis adds 4 cases with detailed 
cardiac pathologic data to the 118 reported autopsy cases. 
Discussion of the pathophysiologic features of the various 
lesions, particularly of the conduction system, and their 
clinical significance is informative. | 

The section on the conduction system by Lev and Bhara- 
ti beautifully documents and illustrates normal anatomy, 
histology and pathology in a lucid and graphic way. The 
anomalous nature of the conduction system in various con- 
genital defects as well as the specific pathologic lesions in 
various diseases is included. Some correlation of lesions. 
with electrocardiographic studies and His bundle electro- 
grams is attempted. Most helpful is the extensive bibliogra- 
phy with 194 cited references. 

The lucidity of the text and the accompanying illustra- 
tions of both microscopic and gross anatomy is further en- 
hanced by graphic diagrams of the anatomic structures of 
the conduction system. These features should be helpful to 
the cardiac surgeon selecting a surgical approach and tech- 
nique as well as to the clinical cardiologist involved in the 
diagnosis and management of rhythm and conduction dis- 
turbances. 

Although the volume as a whole might not be indispens- 
able to the cardiologist's library, its sections on the anato- 
my and pathology of the conduction system of the heart 
make it a useful reference. 


Alfred J. Kaltman, MD 
New York, New York 
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Unfortunately, dichotomous thinking 
concerning the roles of the various par- 
ticipants in our health care delivery sys- 
tem has led all too frequently to adverse 
attitudes within the system itself. For 
example, as much as we would like to 
deny the existence of such undercur- 
rents, antagonisms between researcher 
and practicing physician, the ‘‘ivory 
tower" people and the ‘‘life-is-real’’ 
group, do become apparent on occa- 
sion, mostly through innuendo. 

For the most part cardiology has not 
been afflicted with the divisionary dis- 
ease and, therefore, it may be unneces- 
sary or even unwise to focus on it. 
However, to emphasize the unity of pur- 
pose and the interdependence of the 
various disciplines within cardiology, we 
have chosen as the theme for the 25th 
Annual Scientific Sessions, New Or- 
leans, February 23-26, 1976: Research 
and Patient Care—The Continuum. 

In accordance with the theme and to 
emphasize further the continuous, ho- 
mogeneous and the fundamental com- 
mon character of our activities as mem- 
bers of the American College of Cardi- 
ology, the program includes symposia 
such as ''From Laboratory Concepts to 


Bedside Clinical Application." In this 


. symposium, investigators who proposed 


concepts that ultimately proved to make 
a significant contribution to our knowl- 
edge will present their original papers or 
discuss the origin of the concept; they 
will be followed by clinicians discussing 
the present day application to clinical 
cardiology of the original concept or in- 
novation. The Core Curriculum entitled 
"From the Laboratory To The Bedside" 
will focus on recent advances in clinical 
cardiology based on newer physiologic 
and biochemical knowledge. There will 
be symposia updating developments in 
coronary care, treatment of the postop- 
erative and hypertensive patient, exer- 
cise testing and the computer in elec- 
trocardiography. As usual, the abstract 
sessions and special sessions on prob- 
lems in investigative and clinical areas, 
such as the importance of clinical sub- 
sets in the selection of patients for cor- 
onary revascularization, the timing of 
cardiac valve replacement and evalua- 
tion of ventricular dysfunction, will pro- 
vide the foundation for better patient 
care in the future. 

| am convinced that the Scientific 
Program Committee, under the leader- 





ship of Drs. Suzanne B. Knoebel and 
Borys Surawicz, Co-Chairmen, has pro- 
vided Annual Scientific Sessions worthy 
of being our 25th. It is, once again, a 


clinically oriented but  scientifically 
based program with full recognition of 
the contribution of all to the advance- 
ment of cardiology. 

With the recent emphasis by the Col- 
lege on evaluation of educational meth- 
ods, the Annual Scientific Sessions 
have come under rigorous scrutiny. The - 
consensus has been that the sessions 
provide in a compact format an educa- 
tional opportunity unique in faculty as- 
well as in quality and quantity of materi- - 
al presented. The learning environment 
created at the national meeting lends it- 
self to a relatively easy acquisition of 
ideas, concepts and facts. This year we 
have an added bonus, namely, the City 
of New Orleans itself, coupled with the 
superb arrangements made by Dr. and 
Mrs. Allan Goldman. See you all in New 
Orleans! 


Charles Fisch, MD, FACC 
President 
American College of Cardiology 


COLLEGE NEWS 


New Members 


The following were also elected to As- 
sociate Fellowship in the American Col- 
lege of Cardiology on May 22, 1975: 
Juan J. A. Cosentino, MD, Argentina; 
and Anthony Marlon, MD, Nevada. 

The following group of Associate Fel- 
lows were elected on July 28, 1975: 


Protasio L. DaLuz, MD, California 

John J. Fenoglio, Jr., MD, Washing- 
ton, DC 

Edilberto G. Gozo, Jr., MD, Philippines 

Soon Gan Ng, MD, Malaysia 

Vincent J. Proskey, MD, Missouri 

Kuddythamby Sinnathamby, MD, Ohio 

Peter Torbey, MD, Michigan 

Bernardo Treistman, MD, Texas 


Vidya S. Kaushik, MD, California, and 
Mario Trivellato, MD, Italy, were elected 
Affiliates on July 28, 1975. 


The following individuals were elected to 

membership in the American College of 
Cardiology on September 28, 1975, in 
the category indicated. 


Fellowship 


AHMAD, Masud, MD, Oregon 

AMRAM, Salomao S., MD, Portugal 
BERBERICH, Stephen N., MD, California 
BEYDA, Ezra J., MD, Illinois 

BONCHEK, Lawrence l., MD, Oregon 
BOST, Charles R., MD, Pennsylvania 
BROWN, David F., MD, New York 
BRUSCA, Antonio, MD, Italy 

COBB, Tyson C., MD, California 
COHEN, Morris, MD, Florida 
CONNER, Paul K., Jr., MD, Texas 
COOKSEY, Jon D., MD, Missouri 
CRAVER, Joseph M., MD, Georgia 
CRETICOS, Angelo P., MD, Illinois 
CUETO-Garcia, Luis, MD, Mexico 
DAILY, Pat O., MD, California 

DANGEL, James C., MD, Massachu- 

setts 

DAS, Jadunath P., MB, BS, India 
EDELSTEIN, Josef, MD, Ohio 

ENRIGHT, Lee P., MD, California 
FORTE, Anthony L., MD, Arizona 
FRIEDMAN, Joel P., MD, California 
GARFEIN, Oscar B., MD, New York 
GILLETTE, Paul C., MD, Texas 
GILLILAND, J. Campbell, MD, Arkansas 
GOLDBARG, Alberto N., MD, Illinois 
GOOTMAN, Norman L., MD, New York 
GREENFIELD, Lazar J., MD, Virginia 


GUNTON, Ramsay W., MD, Canada 
HALLIDIE-Smith, Katherine A., MB, BS, 
England 
HALPERN, Barry L., MD, Florida 
HAMZAVI, S. A., MD, Pennsylvania 
HARTSTEIN, Marvin L., MD, New York 
HEGDE, K. Kushala, MD, Ohio 
ISCH, John H., MD, Indiana 
ISHIKAWA, Kyozo, MD, Japan 
IYENGAR, N. V. Ramanuja, MD, Florida 
JAMIL, Mohammad, MD, Illinois 
KAHN, Alan R., MD, Minnesota 
KAUFMAN, Steven K., MD, District of 
Columbia 
KEARNEY, Donald J., MD, Pennsylvania 
KIM, Yeong Ho, MD, Illinois 
KING, Harold, MD, Indiana 
KLOCKE, Francis J., MD, New York 
LARAGH, John H., MD, New York 
LEVITT, Barrie, MD, New York 
LESTER, F. Martin, MD, Alabama 
LONDE, Stephen P., MD, California 
McGOON, Dwight C., MD, Minnesota 
McLEAN, Charles E., MD, Connecticut 
MAILHOT, James, MD, California 
MARCUS, Melvin L., MD, lowa 
MARRASH, Samir E., MD, Connecticut 
MELDRUM, D. A. N., MD, Canada 
MENON, Vijayan A., MD, New York 
MERCER, Charles W., MD, Alabama 
MILLER, Joseph I., Jr., MD, Georgia 
MILLER, Charles L., MD, New Jersey 
MYERBURG, Robert J., MD, Florida 
NARAYANAN, Col. G. R., MD, India 
NATHANSON, Michael, MD, California 
OCKENE, Ira S., MD, Massachusetts 
O'DONOGHUE, J. Kevin, MD, Illinois 
ORISCELLO, Ralph G., MD, New Jersey 
PARK, Myung K., MD, Kansas 
PARKE, C. W. Kelly, MD, Ohio 
PASTERNAC, Andre, MD, Canada 
PECKHAM, Gerald B., MD, Canada 
PEREZ-Martinez, Victor M., MD, Spain 
PIGFORD, Robert T., MD, North Carolina 
POPIO, Kenneth A., MD, New York 
POPOVSKY, Julio, MD, Ohio 
POST, Martin R., MD, New York 
POTANIN, Constantine, MD, Tennessee 
QUINONES, Miguel A., MD, Texas 
RICHTER, Henry S., MD, New York 
ROEDER, Robert E., MD, Kansas 
ROELANDT, Jose R. T. C., MD, The 
Netherlands 
RUTHERFORD, Barry D., MD, Minnesota 
SABBAGH, Adid H., MD, Arizona 
SALINAS-Madrigal, Luis, MD, Mexico 


SCARANO, Victor R., MD, Florida 
SCHERLAG, Benjamin J., PhD, Florida 
SCHWEITZER, Pavol, MD, New Jersey 
SEGAL, Herman B., MD, District of Co- 
lumbia 
SETHI, Surendra K., MD, Pennsylvania 
SHAVER, Verne C., MD, Pennsylvania 
SILVERSTEIN, Bernard S., MD, Florida 
STEINHOUSE, Kenneth M., MD, New 
Jersey 
STRANG, John E. MD, Pennsylvania 
SUTTON, Richard, MD, England 
TEICHHOLZ, Louis E., MD, New York 
TIMMAPURI, Abdul N., MD, New Jersey 
TRESCH, Donald D., MD, Wisconsin 
TRISTANI, Felix E., MD, Wisconsin 
TURVEY, B. Edward, Jr., MD, Colorado 
ULLYOT, Daniel J., MD, California 
VAULES, David W., MD, New York 
VEDAM, Venkata S., MD, Illinois 
VENKATARAMAN, K., MD, California 
WOLFF, Grace S., MD, New York 
WHITE, Carl W., MD, lowa 
ZAKHEIM, Richard M., MD, Kansas 
ZAJTCHUK, Rostik, MD, Colorado 


Advanced to Fellowship 


ADAMS, Willard P., MD, California 
ANDERSON, Gary J., MD, Pennsylvania 
BARROW, Mark V., MD, Florida 
BEASLEY, Haley Kent, MD, Texas 
BERTUCCI, Joseph P., MD, Michigan 
BYRNE-Quinn, Edward, MD, Arizona 
COLANDREA, Michael A., MD, Illinois 
CONDE, Cesar A., MD, Florida 
CUTARELLI, Renato, MD, Ohio 
DAVIES, Richard O., MD, Canada 
DOUGLAS, John E., MD, Arkansas 
GILLIE, Edward, MD, New York 
GRABER, John D., MD, Washington 
HAMMILL, William A., MD, South Caro- 
lina 
HARRISON, Hall E., MD, Kansas 
HEBBAR, Satya N., MD, Kansas 
HOLLAND, William E., MD, Virginia 
KARP, Robert B., MD, Alabama 
LUND, Harold G., MD, California 
MERCER, Edward N., MD, Canada 
MILLER, Alan B., MD, Florida 
PARAMESWARAN, Ramalingaier, MD, 
Pennsylvania 
ROSEN, Michael R., MD, New York 
STRICKLAND, Avery W., MD, Georgia 
WAYNE, Howard N., MD, California 
WINDOM, Robert E., MD, Florida 
ZENER, Julian C., MD, California 


Associate Fellowship 


BAGA, Victor B., MD, Florida 
BOPITIYA, Chandana, MD, New York 
COHEN, Larry S., MD, Florida 
FOX, William, MD, North Carolina 
FRANK, Martin J., MD, District of Co- 
lumbia 
GANN, Dietmar, MD, Florida 
GEDDES, John S., MD, Northern Ireland 
GIBSON, Milton E., MD, Indiana 
GULATI, Ravindra B., MD, India 
HALLORAN, Randolph M., MD, Virginia 
HATTENHAUER, Mark T., MD, Oregon 
HYLEN, John C., MD, Idaho 
KUNSTADT, Dorothy, MD, New York 
LATTIN, Gary M., MD, Pennsylvania 
LIM, Chin Hock, MD, Singapore 
MELLER, Jose, MD, New York 
MITAL, Mohan S., MD, Pennsylvania 
MYER, Brij N.S., MD, Texas 
OWENS, William C., MD, Idaho 
PALANK, Edward A., MD, New York 


CANDIDATES CERTIFIED 


RASHID, Ahmad, MD, Florida 

RODRIGUEZ-Gilabert, Cesar, MD, Mexi- 
CO 

SAHA, Asis K., MD, Florida 

SAPPINGTON, Joseph B., MD, Connect- 
icut 

SCHANG, Steven J., Jr., MD, Florida 

SCHWADE, Jack L., MD, Texas 

SINNO, Mohamed Z., MD, Illinois 

WOLTHIUS, Roger A., PhD, Texas 

YOON, Myung S., MD, New York 

ZUREIKAT, Lt Col Harran, MD, Jordan 


Advanced to Associate Fellowship 


BAMRAH, Virinderjit S., MD, Wisconsin 
KHAN, Abdul H., MD, Rhode Island 
KUCINSKI, Chester S., MD, Colorado 


Atfiliate 


ABDULLA, Abdulla M., MD, Georgia 
AWDEH, Mahir R., MD, Texas 


COLLEGE NEWS. 


CAMM, A. John, MD, Vermont 

CANEDO, Mario l., MD, Georgia 

CLARK, Cecil W., MD, Louisiana 

DURAIRAJ, S. K., MD, California 

FARAHANY, Hossein H., MD, South. 
Carolina 

FRAGOSO-Marmolejo, Javier, MD, Mex- 
ico 

HILDRETH, John A., MD, Florida 

HONG, Chong K. Michael, MD, Illinois 

IRARRAZAVAL, Manuel J., MD, Ohio 

KANSAL, Santosh S., MD, Alabama 

KOPPES, Gerald M., MD, Texas 

LAMOREAUX, LeRoy F., MD, Oregon 

LASKA, Edward M., MD, Pennsylvania 

MANISCALCO, James, MD, California 

MOTA-Lemus, Javier, MD, Mexico 

QUIROS-Rivera, Jose Antonio, MD, Pan- 
ama A 

RAMIREZ-Quintero, Jose A., MD, Mexi- 
co 

TANPRASERT, Pravit, MD, Illinois 


Candidates Certified by the American Board of Pediatrics, Inc., Sub-Board of Pediatric Cardiology 


May 1975 


Allen, Hugh D. 
Tucson, Ariz. 
Atwood, Gerald F. 
Nashville, Tenn. 


Berman, Michael Allen 
Woodbridge, Conn. 


Cohn, Herbert E. 
Marblehead, Mass. 
Eshaghpour, Eshagh 
Berwyn, Pa. 

Fish, Bernard G. 
Bronx, N. Y. 


Freed, Michael D. 
Boston, Mass. 


Galioto, Frank M., Jr. 
West Simsbury, Conn. 


Garcia, Otto L. 
Miami, Fla. 


Gathman, Gary E. 
San Jose, Calif. 


Gaum, Winston E. 
Nova Scotia, Canada 


Gillette, Paul C. 
Houston, Texas 


Gingell, Robert L. 
Amherst, N. Y. 


Hagler, Donald J. 
Rochester, Minn. 


King, Terry D. 
River Ridge, La. 


Kirkpatrick, Stanley E. 


San Diego, Calif. 


Laird, W. Pennock 
Dallas, Texas 


Levin, Daniel L. 
Dallas, Texas 


Nihill, Michael R. 
Houston, Texas 


Okoroma, Edwin O. 
Nigeria 
Park, Myung K. 


Overland Park, Kansas 


Sacks, Edmond J. 
San Antonio, Texas 


Sahn, David J. 
Tucson, Arizona 


Shapiro, Stephen R. 
Washington, DC 


Silverman, Norman H. 


San Francisco, Calif. 


Truccone, Nestor J. 


Bloomfield Hills, Mich. 


Vedam, Venkata 
Subrahmanyam 
Forest Park, Ill. 


Weinberg, Paul Morris 
Levittown, Pa. | 


Young, Guillermo A. 
West Los Angeles, Calif. 
July 1975 


Henken, Dale P. 
Portland, Ore. 


Karsh, Richard B. 
Knoxville, Tenn. 


Lewis, Alan B. 
Los Angeles, Calif. 


Rosengart, Ronald M. 
Los Angeles, Calif. 


Singh, Amarjit 
New York, N. Y. 


July 1974 


Krongrad, Ehud | 
Harrington Park, N. J. 


» COLLEGE NEWS 


Calendar of Continuing Medical Education Programs 


The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the pro- 
grams are pertinent to direct care of pa- 
tients with heart disease. The need for such 
_ programs increases with the ever increasing 
amount of scientific and clinical data, the 
constant changes in technology and meth- 
odology, and the greater availability of thera- 
peutic options. Today most cardiologists, in- 
ternists and family practitioners feel the 
need of supplementing their professional 
reading by direct contact with the authors, 
research workers and leaders in the field. 

To solve these problems the Committee 
selects each year series of carefully super- 


Programs and faculty are subject to change. For further information write Mary Anne Mcinern 


vised programs which are usually preceded 
by extensive consultations with the program 
directors recruited among the foremost spe- 
cialists, educators and scientists in the field 
of: clinical cardiology and allied basic 
science disciplines. 

Although each program director is per- 
sonally responsible for the choice of faculty, 
and the structure of the program, the Na- 
tional Committee of Continuing Education 
assumes the overall responsibility for the 
caliber of the postgraduate education and 
the relevance to the practice of cardiology. 
This is accomplished by the processes of 
meticulous scrutiny of the objectives, analy- 
sis of the educational methods, and studying 
the impact of each course on the knowledge 


Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 


i Sg UP 


1975 


To be Preceptorships in Cardiology. 
arranged Arthur Selzer, FACC, director. 
individ- Pacific Medical Center, San 
ually Francisco, Calif. 


1976 


JAN. Future Directions in the Man- 
agement of Cardiac Disease: 


11-13 
A Bicentennial Viewpoint. 
John H. K. Vogel, FACC, direc- 
tor and Bruce C. Paton, FACC 
and James S. Forrester, co- 
directors. Snowmass-at-Aspen, 
Aspen, Colo. 


Pediatric 
Richard A. 


JAN. Core Curriculum: 

19-22 Echocardiography. 
Meyer, director and Samuel 
Kaplan, FACC, co-director. 
Childrens Hospital, Cincin- 
nati, Ohio 


Scientific 
Session. Charles Fisch, FACC, 
president. Marriott Motor Hotel, 
New Orleans, La. 


FEB. Twenty-fifth Annual 
23-26 


MAR. Cardiovascular Disease—1976: 
11-13 Practical Diagnosis and Man- 
. agement. John Ross, Jr., FACC, 
Robert A. O'Rourke, FACC, 
Joel S. Karliner, FACC and Kirk 
L. Peterson, FACC, directors. La 
Césta Resort Hotel and Spa, San 
Diego, Calif. 


MAR. Electrocardiographic Interpreta- 
tion of Complex Arrhythmias: A 
Physiological Approach. Charles 
Fisch, FACC and Douglas P. 
Zipes, FACC, directors. Indiana 
University Medical Center, India- 
napolis, Ind. 


MAR. New Perspectives in Exercise 

26-27 Stress Testing. Myrvin H. Ellestad, 
FACC and William H. Allen, FACC, 
directors. Center for Health Edu- 
cation, Memorial Hospital of Long 
Beach, Long Beach, Calif. 


APR. Cardiology for the Consultant: A 

5-14 Clinician’s Retreat. E. Grey Di- 
mond, FACC, director. Rancho 
Santa Fe Inn, Rancho Santa Fe, 
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in airline pilots, 623 
nonischemic, in mitral valve prolapse-click syndrome, 110 


Cardiovascular diagnoses, selected in-hospital, norms for use in 
peer review of, 125 
Cardioversion, electrical, critical amount of myocardium in, 37 
Cardoskop-U in coronary arteriography, 468 
Carrel and Tuffier on experimental surgery of the cardiac orifices, 
954 
Catecholamines, myocardial metabolism of, in acute myocardial in- 
farction, 938 
plasma and urine levels in hypertension, 686 
Catheter, balloon-tipped flotation, for cardiac monitoring, 56 
Central nervous system disease, arrhythmias and, 45 
Cerebral vascular disease in airline pilots, 611 
Chemotherapy and reticulum-cell sarcoma with intracardiac metas- 
tases, 357 
Chest roentgenogram in idiopathic mitral valve prolapse, 32 
Chlorthalidone in normoreninemic essential hypertension, 7 16 
Cinearteriography (see Arteriography) 
Click, systolic, and late systolic murmur, and chest roentgenogram, 
27 
Cineangiography (see Angiography) 
Cinefluorography, 16 mm, versus 70 mm camera fluorography in 
coronary arteriography, 474 
Compartmental models and pharmacologic therapy of ventricular ar- 
rhythmias, 629 
Conduction 
atrioventricular 
after atropine, 281, 286 
concealed, and alternating Wenckebach periodicity, 757 
digitalis in, 459 
hereditary progressive defect of, 297 
in amyloid heart disease, 438 
sinoatrial 
after atropine, 281 
in sick sinus syndrome, 98 
normal, 445 
Conduction disease 
in left anterior hemiblock, 751 
in right bundle branch block with left posterior hemiblock, 867 
Conduction disturbances 
and mortality in left main coronary artery disease, 131 
in airline pilots, 624 
intraatrial block, electrophysiologic studies in, 91 
intraventricular, and normal sinoatrial conduction, 445 
Congenital defects and heart in Fabry's disease, 829 
Congenital heart defects, etiologic relations among, 793 
Congenital heart disease 
atrial septal defect, ventricular function in, 302 
echocardiography in Uhl's anomaly, 349 
heart block in infants, cardiac pacemaker for, 921 
hereditary progressive atrioventricular conduction defect, 297 
in airline pilots, 620 
percutaneous sheath cardiac catheterization in, 493 
right ventricular volume in, 67 
surgery for Marfan's syndrome, 338 
tetralogy of Fallot, echocardiography in, 908 
Connective tissue defect 
in Marfan's syndrome, surgery for, 338 
mitral valve in, 524 
Contractility 
myocardial 
after coronary occlusion and reperfusion, 225, 244 
and dobutamine versus isoproterenol, 894 
ventricular 
after extended coronary occlusion and reperfusion, 252 
after nitroglycerin in experimental myocardial infarction, 453 
after sublingual nitroglycerin, 419, 426 
and mortality in left main coronary artery disease, 131 


Contractility 
ventricular 
and multiple ventricular aneurysms, 521 
digitalis and, 459 
in anteroseptal infarction, 765 
Coronary arteries 
after bypass surgery, 739, 744 
collateral vessels 
after coronary bypass surgery, 734 
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and 16 mm cinefluorography and 70 mm camera fluorography, 


474 
Coronary artery disease 

(see also Coronary occlusion; Myocardal revascularization; Sur- 
gery, coronary bypass) 

and behavioral therapy, 269 

and graded reductions in regional coronary perfusion, 185 

and measurement of regional myocardial blood flow, 783 

and mitral valve prolapse-click syndrome, 110 

and patency of bypass grafts, 739 

and Q wave disappearance after coronary bypass surgery, 889 
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and 16 mm cinefluorography and 70 mm camera fluorography,’ 


474 
and ventricular wall dynamics after nitroglycerin, 419 
angiographic and postmortem findings in, 174 
glucose-insulin-potassium in, 929 
in variant angina pectoris, 142 
isosorbide dinitrate in, 206 
left main 
long-term follow-up of 141 nonsurgical cases, 131 
prognosis in, 131, 135 
life units in evaluating therapy for, 120 
underestimated by angiography, 174 
vectorcardiogram in, 76 
Coronary care unit, echocardiogram in, 1 
Coronary heart disease (see Coronary artery disease) 
Coronary occlusion 
(see also Symposium on Reperfusion During Acute Myocardial In- 
farction) 
and reperfusion 
myocardial digoxin uptake during, 902 
regional cardiac metabolic function and infarct size during, 368 
ventricular fibrillation threshold in, 776 
experimental 
practolol and left ventricular dimensions during, 179 
sympathetic tone and ventricular fibrillation threshold during, 45 
extended, coronary reperfusion after, 244 
for 2 to 5 hours, maximal revascularization after, 252 
serum enzymes after, 225 
Coronary perfusion, graded reductions in, and cardiac function, 185 - 
Coronary reperfusion 
(see also Symposium on Reperfusion During Acute Myocardial n- 
farction) 
after 2 to 5 hours of coronary occlusion, 252 
serum enzymes after, 225 
Coronary spasm and variant angina pectoris, 142 
Coumarin and pregnant women with mitral valve prosthesis, 802 


Creatine phosphate after extended coronary occlusion and reperfu- 


sion, 244 

Creatine phosphokinase, MB isoenzyme, in acute myocardial infarc- 
tion, 433 

Cushing, Harvey, experiments on heart valves by, 506 

“Cystic medial necrosis” of coronary arteries in Marfan's syndrome, 
315 

Cysts, intrapericardial bronchogenic, 817 


Defibrillation, blind, 412 
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Digitalis 
and atrioventricular nodal reentry, 286 
inotropic effect of, versus effect on atrioventricular conduction, 
459 
toxicity, and manganese chloride and verapamil, 50 
Digoxin 
. serum, measured by commercial radioimmunoassay kits, 975 
_ tritiated, after coronary reperfusion, 218 
Diphenylhydantoin for ventricular arrhythmias, 629 
Dobutamine 
in severe congestive heart failure, 202 
_ versus isoproterenol in conscious instrumented dogs, 894 
(dp/dt)/P of apex cardiogram in evaluating myocardial contractility, 
873 
Dyskinesia after coronary occlusion and reperfusion, 395 


Ebstein's disease of tricuspid valve and Uhl's anomaly, echocardio- 
gram in, 349 
Echocardiogram 
and aneurysms of interventricular septum in ventricular septal de- 
fect, 797 
and infundibular versus pulmonary valve stenosis, 21 
. and left ventricular volume measurement, 114 
and tumor in left ventricular cavity, 957 
in acute myocardial infarction, 1 
in amyloid heart disease, 438 
in aortic root dissection, 11, 17 
in aortic valve disease, 17 
` in atrial septal defect, 302 
. in calcified mitral anulus, 354 
in dextrotransposition of great vessels, 121 
in diagnosis of right atrial extension of Wilms' tumor, 363 
in Ebstein's disease of tricuspid valve, 349 
in Ehlers-Danlos syndrome, 524 
in Uhl's anomaly, 349 
- in ventricular septal defect, 346 
Ehlers-Danlos syndrome, herniation of mitral leaflets in, 524 
Ejection fraction 
and dynamic ventriculography, 529 
and right ventricular volume in congenital heart disease, 67 
echocardiography and, 114 
Electrocardiogram 
. after bypass surgery, 163, 723, 744, 889 
after coronary occlusion and reperfusion, 225, 395 
. and atrioventricular block within the His bundle, 914 
. exercise 
J point depression in, 538 
S wave in, 270 
in alternating Wenckebach periodicity, 757 
_ in demand pacemaker arrhythmias, 105 
in Fabry's disease, 829 
in left main coronary artery disease, 135 
in tricuspid atresia, 327 
in variant angina pectoris, 142 
. in ventricular preexcitation, 880 
- limitations of, in atrial arrhythmias, 91 
.. versus vectorcardiogram, 76 
Electrode fracture in demand pacemaker arrhythmias, 105 
Electrogram 
. atrial, and balloon-tipped flotation electrode catheter, 56 
ventricular, and demand pacemaker arrhythmias, 105 
Electrophysiologic studies 
in atrioventricular block after reciprocating atrioventricular junc- 
j tional tachycardia, 807 
in chroni¢ right bundle branch block and left posterior hemiblock, 
867 


Electrophysiologic studies é 
in demand pacemaker arrhythmias, 105 
in denervated transplanted human heart, 859 1 
in dissimilar atrial rhythms, 91 
in sick sinus syndrome, 98 
of alternating Wenckebach periodicity, 757 
of atrioventricular block within the His bundle, 914 
of atropine and sinoatrial and atrioventricular nodes, 281 
of bifascicular block, 536 
of normal sinoatrial conduction, 445 
of sinus and atrioventricular nodal reentrant tachycardia in same 
patient, 810 
l-epinephrine in dynamic ventriculography, 529 
Estrogen and false positive exercise tests in women, 169 
Excerise and S wave changes, 270 
Exercise electrocardiogram, J point depression in, 538 
Exercise testing 
maximal treadmill versus isometric, 27 1 
predictive value of, 536 
sex differences in, 169 
Experts and expertise in cardiology, 592 
Extrasystoles, concealed ventricular, 978 
and pacemaker arrhythmia, 105 
Extrastimuli, atrial, normal sinus nodal responses to, 445 


Fabry's disease, cardiac manifestations of, 829 
Fibrosis of left bundle branch in left anterior hemiblock, 751 
Familial disease 
hereditary progressive atrioventricular conduction defect, 297 
hyperbetalipoproteinemia, coronary insufficiency in children from 
a family with, 509 
Fibroma, intramural left ventricular, partial excision of, 262 
Fluorography, 70 mm camera, versus 16 mm cinefluorography in 
coronary arteriography, 474 
Frank lead system in clinical vectorcardiography, 76 
Frank vector system and measurement of S-T segment elevation in 
acute myocardial infarction, 155 
Free fatty acids, myocardial metabolism of, in acute myocardial in- 
farction, 938 


Geriatric cardiology and coronary artery bypass in patients over 70 
years of age, 342 
Glucose, myocardial metabolism of, in acute myocardial infarction, 
938 
Glucose-insulin-potassium 
and cardiac metabolism, 540 
in acute myocardial infarction, 938 
in coronary artery disease, 929 
Government and postgraduate training of cardiologists, 555, 558 
Graft patency and serum triglycerides, 413 


Health care delivery, government and, 555, 558 
Heart, transplanted denervated, electrophysiologic studies in, 859 
Heart block 
advanced, in right bundle branch block with left posterior hemi- 
block, 873 
converted to normal atrioventricular conduction, 297 
Heart disease 
amyloid, functional defect in, 438 
ischemic 
in airline pilots, 597, 608, 610 
natural history of, 496 
versus amyloidosis, 438 
valvular, in airline pilots, 617 


Heart failure, congestive 
and left main coronary artery disease, 131 
+ and multiple ventricular aneurysms, 521 
and surgery for coarctation of aorta in infants, 489 
in tricuspid atresia, 327 
optimal dose of digitalis in, 459 
. severe, dobutamine in, 202 
Heart rate and myocardial contractility with dobutamine versus iso- 
proterenol, 894 
Heart sound 
fourth 
audibility and recordability, 532 
significance of, and split first heart sound, 979 
simulator, handy, 925 
Heart weight and ventricular defibrillation, 37 
Hemiblock 
left anterior, quantitative study of left bundle branch fibrosis in, 
753 
left posterior, and right bundle branch block, electrophysiologic 
studies in, 867 
Hemodynamics 
after bypass surgery, 723 
after extended coronary occlusion and reperfusion, 252 
after nitroglycerin in experimental myocardial infarction, 453 
after practolol during experimental coronary occlusion, 179 
and balloon-tipped flotation catheter for monitoring, 56 
and echocardiogram in Uhl's anomaly, 349 
and myocardial oxygen consumption after nitroglycerin, 426 
in acute myocardial infarction and shock, 148 
in anteroseptal infarction, 765 
in borderline hypertension, 685 
in congenital heart disease, 67 
in essential hypertension, 670 
in hypertension with renal arterial stenosis, 702 
in infundibular and valvular stenosis, 21 
in mitral valve prolapse-click syndrome, 110 
in systolic hypertension, 697 
in tricuspid atresia, 327 
of dobutamine 
in severe congestive heart failure, 202 
versus isoproterenol, 894 
of isosorbide dinitrate in coronary artery disease, 206 
Hemoglobin-oxygen affinity in acute myocardial infarction and shock, 
148 
Hemopericardium, echocardiogram in, 11 
Heterografts, sheep carotid arterial, as aortocoronary bypass con- 
duit, 823 
His bundle, congenital and surgical atrioventricular block within, 914 
Holt-Oram syndrome with ostium primum and secundum atrial septal 
defects, surgery for, 967 
Hydrogen ion concentration after temporary coronary occlusion, 214 
Hyperbetalipoproteinemia, familial type Il, and coronary insufficiency, 
509 
Hyperemia, reactive, after coronary occlusion and reperfusion, 225 
Hypertension 
(see also Symposium on Hypertension) 
and coronary arteries after bypass surgery, 744 
borderline 
autonomic nervous cardiovascular regulation in, 685 
renin status and neurogenic vascular resistance in, 708 
essential 
and antihypertensive beta blocking action as related to renin 
and age, 653 
hemodynamics in, 670 
normoreninemic, chlorthalidone, spironolactone and propranol- 
ol in, 716 
in airline pilots, 613 
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Hypertension 
systolic, nonhomogeneous diseases, 697 
with renal arterial stenosis, 702 


ICHD report on cardiac surgery, 836 
Idiopathic hypertrophic subaortic stenosis 
and ventricular diastolic compliance, 193 
in airline pilots, 623 
retrograde catheterization of left atrium in, 62 
vectorcardiogram in, 76 l 
Interventricular septum, aneurysms of, in ventricular septal defect, 
797 
Intrapericardial bronchogenic cysts, 817 | 
Intraventricular block, focal, and electrocardiogram in coronary ar- 
tery disease, 163 
Isoproterenol 
and denervated transplanted human heart, 859 
and first derivative of apex cardiogram in evaluating myocardial 
contractility, 873 
Isosorbide dinitrate 
gastrointestinal absorption of, 407 
in coronary artery disease, 206 
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James and Mahaim fibers in unique variety of ventricular preexcita- 
tion, 880 

J point depression in exercise electrocardiogram, 538 

Jogging and life expectancy, 410 


Laboratory tests, predictive value of, 536 

Lactate metabolism and isosorbide dinitrate in coronary artery dis- 
ease, 206 

Legislation, federal, and postgraduate training of cardiologists, 558 

Lidocaine for ventricular arrhythmias, 629 

Life units in evaluating therapy for coronary artery disease, 120 

Lipids, myocardial, and glucose-insulin-potassium, 929 

Lown-Ganong-Levine syndrome and ventricular preexcitation, 880 

Lupus erythematosus, procainamide-induced, constrictive pericardi- 
tis in, 960 


Magnet, testing, and diagnosis of pacemaker electrode fracture, 105 
Mahaim and James fibers in unique variety of ventricular preexcita- 
tion, 880 
Manganese chloride and automaticity of digitalized Purkinje fibers, 
50 
Manpower in cardiology 
(see Symposium on Responsible Leadership in the Training of the 
Cardiologists of Tomorrow) | 
board certification of cardiologists, 980 
cardiologic resources, 550 7 
Marathon running and life expectancy, 410 
Marfan’s syndrome 
and Ehlers-Danlos syndrome, mitral valve in, 524 | 
and idiopathic mitral valve prolapse, 32 ` | 
and mitral valve prolapse-click syndrome, 110 | 
and systolic click-late systolic murmur syndrome, 27 
coronary arteries in, 315 
surgery for, 338 
Medical versus surgical treatment in variant angina pectoris, 142 
Medicolegal considerations of implanted pacemakers, 266 
Methylprednisolone in acute myocardial infarction, 539 
Mitochondrial function after coronary reperfusion, 218  , 
Mitral anulus, calcification of, echocardiogram in, 354 
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Mitral insufficiency in Fabry's disease, 829 
Mitral valve 
closure, and prognosis in acute myocardial infarction, 1 
in systolic click-late systolic murmur syndrome, 27 
leaflets 
anterior, in aortic regurgitation, 11 
herniation of, in Ehlers-Danlos syndrome, 524 
myxomatous degeneration of, and mitral valve prolapse, 110 
prolapse, idiopathic, thoracic skeletal abnormalities in, 27, 32 
prolapse-click syndrome, etiology of, 110 
prosthesis, Beall, pseudomalfunction of, and paravalvular aortic 
regurgitation, 88 
Mortality in left main coronary artery disease, 131, 135 
Murmur, late systolic, and systolic click, and chest roentgenogram, 
27 
Muscle cell damage 
after coronary reperfusion, 234 
irreversible, and hydrogen ion concentration after temporary cor- 
onary occlusion, 214 
Muscle fiber stretch and left ventricular diastolic compliance, 193 


Myocardial disease in airline pilots, 623 


Myocardial function 
after coronary reperfusion, 234 
regional, and graded reductions in regional coronary perfusion, 
185 
Myocardial glycogen depletion after extended coronary occlusion 
and reperfusion, 385 
Myocardial infarction 
(see also Symposium on Reperfusion During Acute Myocardial In- 
i farction) 
acute 
and coronary bypass in patients over 70 years of age, 342 
and echocardiogram in ventricular septal rupture in, 346 
and elevated serum MB creatine phosphokinase activity, 433 
and measurement of regional myocardial blood flow with 
xenon-133 and scintillation camera, 783 
cardiac pacing in, 412 
early hospital discharge after, 538 
echocardiogram in, 1 
metabolic changes in, 974 
metabolism of free fatty acids, glucose and catecholamines in, 
938 
methylprednisolone in, 539 
predictive value of enzyme studies in, 412 
revascularization after, 395 
symposium on reperfusion during, 211—261; 368-408 
S-T segment elevation in, 155 
systemic oxygen delivery after, 148 
and alleviation of angina after bypass surgery, 723 
experimental 
anteroseptal, in porcine heart, biventricular dynamics during, 
765 
nitroglycerin in, 453 
in Fabry's disease, 829 
production of, and relief of symptoms in ischemic heart disease, 
496 
= vectorcardiogram in, 76 
Myocardial infarcts 
focal, after extended coronary occlusion and reperfusion, 385 
size of 
after coronary occlusion and reperfusion, 234, 368, 395 
and myocardial metabolism of free fatty acids, glucose and 
catecholamines, 938 
Myocardial ischemia 
and metabolism of free fatty acids, glucose and catecholamines, 
938 


Myocardial ischemia , 
and myocardial uptake of tritiated digoxin in subendocardial and 
subepicardial regions, 902 2 
and practolol, during experimental coronary occlusion, 179 
and reversible electrical patterns of infarction, 163 
border zone after nitroglyċerin in experimental myocardial infarc- 
tion, 453 
subendocardial versus epicardial segment function in, 185 
Myocardial metabolism 
after coronary reperfusion, 218, 234 
after extended coronary occlusion and reperfusion, 252, 368 
after practolol in experimental coronary occlusion, 179 
and glucose-insulin-potassium, 929 
anoxic, in acute myocardial infarction and shock, 148 
in acute myocardial infarction, 974 
of free fatty acids, glucose and catecholamines in acute myocar- 
dial infarction, 938 
remote, after extended coronary occlusion and reperfusion, 385 
Myocardial oxygen consumption 
after sublingual nitroglycerin, 419, 426 
and glucose-insulin-potassium, 929 
and isosorbide dinitrate in coronary artery disease, 206 
Myocardial revascularization 
(see also Coronary reperfusion; Surgery, coronary bypass; Sym- 
posium on Reperfusion During Acute Myocardial Infarc- 
tion) 
coronary collaterals after, 734 
current state of, 849 
Myocardial theory in mitral valve prolapse-click syndrome, 110 
Myocardial ultrastructure after coronary reperfusion, 234 
Myocardium 
remote, after coronary occlusion and reperfusion, 385 
right ventricular, echocardiogram in hypoplasia of, 349 
Myxoma of mitral valvé and mitral valve prolapse-click syndrome, 
110 


New England Regional Infant Cardiac Program, pulmonary arterial 
banding in, 484 
Nitrates, organic, gastrointestinal absorption of, 407 
Nitroglycerin 
and major determinants of myocardial oxygen consumption, 426 
in experimental myocardial infarction, 453 
sublingual, regional left ventricular wall dynamics before and after, 
419 
sustained release, gastrointestinal absorption of, 407 
Norepinephrine and denervated transplanted human heart, 859 
Norms for use in peer review of selected in-hospital diagnoses, 125 


Observer performance, variations in, 592 

Ouabain and automaticity of Purkinje fibers, 50 

Oxygen administration and regional blood flow in myocardial infarc- 
tion, 185 

Oxygen delivery in acute myocardial infarction and shock, 148 

Oxygen extraction after coronary reperfusion, 218 


Pacemakers 
analysis of, vectorcardiogram in, 76 
and atrioventricular block within the His bundle, 914 
electrode dislodgment in transvenous and transthoracic pacing, 
268 
implanted, medicolegal considerations, 266 
in airline pilots, 624 
in right bundle branch block with left posterior hemiblock, 867 
long-term follow-up of two infants with, 921 
threshold tracking, 322 | 


P 
d baci flotation electrode catheter, 56 
atrial 
'and isosorbide dinitrate in coronary artery disease, 206 
and normal sinoatrial conduction, 445 
during angiography, 532 
in acute myocardial infarction, 412 
permanent, transvenous versus transthoracic, 268 
Pectus excavatum 
in idiopathic mitral valve prolapse, 32 
in systolic click-late systolic murmur syndrome, 27 


Pediatric cardiology 
(see also Congenital heart disease) 
coronary bypass surgery for coronary artery disease and pseu- 
doxanthoma elasticum in 18 year old girl, 515 
coronary insufficiency in children, 509 
echocardiogram 
in dextrotransposition of great arteries, 121 
in right atrial extension of Wilms' tumor, 363 
long-term follow-up of two infants with cardiac pacemaker, 921 
multiple ventricular aneurysms in 17 year old Nigerian girl, 521 
obstructive lesions of right heart chambers, surgery for, in infants 
less than 30 days old, 479 
pediatric management in women with heart valve prosthesis dur- 
ing pregnancy, 802 
percutaneous sheath cardiac catheterization in small infants, 493 
pulmonary arterial banding in New England Regional Infant Cardi- 
ac Program, 484 
surgery for coarctation of aorta in infants, 489 
triscuspid atresia, clinical course in, 327 


Pentaerythritol tetranitrate, gastrointestinal absorption of, 407 
Pericardial effusion versus calcified mitral anulus, 354 
Pericarditis 
acute suppurative amebic, 409 
and intrapericardial bronchogenic cyst, 817 
constrictive 
and amyloid heart disease, 438 
in procainamide-induced lupus erythematosus, 960 
in airline pilots, 623 
Perivascular nerves, interruption of, and relief of symptoms in isch- 
emic heart disease, 496 
pH and survival after surgery for obstructive lesions of the right heart 
chambers in infants less than 30 days old, 479 
Phentolamine and neurogenic vascular resistance in borderline hy- 
pertension, 708 
Phosphates, high energy, after coronary reperfusion, 234, 244 
Pilot incapacitation 
(see Bethesda Conference on Cardiovascular Problems Associ- 
ated with Aviation Safety) 
Polarizing solutions, potassium in, 540 
Postgraduate training of cardiologists 
(see also Symposium on Responsible Leadership in the Training 
of the Cardiologists of Tomorrow) 
community-based program, 569 
federal legislation and, 558 
government and, 555 
in Canada, 560 
institution-based program, 567 
role of American Board of Internal Medicine in, 565 
role of chairman of department of medicine in, 563 


Potassium chloride 
and ventricular defibrillation, 37 
in polarizing solutions, 540 
P-R interval in bifascicular block, 536 
Practolol and left ventricular dimensions during coronary occlusion, 
179 
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Precordial S-T segment mapping versus Frank vector system in - 
acute myocardial infarction, 155 
Preexcitation, ventricular, James and Mahaim fibers in unique venen: 
of, 880 
Pressure-volume data and ventricular diastolic compliance, 193 
Prevention of ischemic heart disease, 496 | 
Procainamide 
for ventricular arrhythmias, 629 
-induced lupus erythematosus, constrictive pericarditis in, 960 
Propranolol 
and atrioventricular nodal reentry, 286 
and denervated transplanted human heart, 859 
and first derivative of apex cardiogram in evaluating myocardial- 
contractility, 873 
and neurogenic vascular resistance in borderline hypertension, 
708 
and renin and age in essential hypertension, 653 
for ventricular arrhythmias, 629 
in normoreninemic essential hypertension, 7 16 
Pseudoxanthoma elasticum and coronary artery disease, pem 
surgery for, 515 | ! 
Pulmonary arterial banding t 
before resection of coarctation of aorta in infants, 489 
in infancy, 484 
Pulmonary embolism in airline pilots, 6 11 
Pulmonary stenosis 
and tetralogy of Fallot, developmental relation between, 793 
infundibular versus valvular, echocardiogram in, 21 
right ventricular volume in, 67 
Pulmonary valve 
in dextrotransposition of great arteries, 121 
in Uhl's anomaly, 349 
Pulmonary vein atresia 
surgery for, in infants less than 30 days old, 479 
unilateral, diagnosis and treatment of, 969 
Purkinje fibers, digitalized, and manganese chloride and verapamil, 
50 
P waves in dissimilar atrial rhythms, 91 


QRS complex after coronary occlusion and reperfusion, 225 
QRS forces, anterior, after coronary bypass surgery, 163 
Quinidine for ventricular arrhythmias, 629 
Q waves | 
after extended coronary occlusion and reperfusion, 252 
disappearance of, after coronary bypass surgery, 889 
during coronary reperfusion, 218 


Radioimmunoassay kits for measuring serum digoxin, 975 
Recoarctation of aorta after surgery for coarctation, 489 
Reentry, atrioventricular nodal, after atropine, 286 
Renal disease versus Wilms' tumor in right atrium, 363 
Renal stenosis, 702 | 
Renin s 
and age, antihypertensive beta blocking actin related to, 653 — — 
and neurogenic vascular resistance in borderline hypertension, 
708 
and parasympathetic activity in hypertension, 675 
in borderline hypertension, 691 
Reperfusion during acute myocardial infarction, symposium on, 
211-261; 368-408 | 
Reviews in cardiology, 122, 274, 415, 541, 854, 981 
Roentgenogram, chest, in systolic click-late systolic m&rmur syn- 
drome, 27 
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Sarcoma, reticulum-cell, chemotherapy for, 357 
Scintillation camera in measurement of regional myocardial blood 
flow, 783 
Scoliosis 
in idiopathic mitral valve prolapse, 32 
in systolic click-late systolic murmur syndrome, 27 
Serum cholesterol in familial hyperbetalipoproteinemia, 509 
Serum enzymes 
after coronary occlusion and reperfusion, 225, 395 
coronary sinus, after coronary reperfusion, 234 
in myocardial infarction, 412, 433 
Serum lipids 
and coronary arteries after bypass surgery, 744 
in familial hyperbetalipoproteinemia, 509 
Serum triglycerides and graft patency, 413 
Shock, cardiogenic, in acute myocardial infarction 
methylprednisolone in, 539 
. Systemic oxygen delivery after, 148 
Shunt, systemic to pulmonary arterial, in infants less than 30 days 
old, 479 
‘Simpson's rule and right ventricular volume determinations, 67 
Sick sinus syndrome and ''paradoxical'" prolongation of sinus nodal 
recovery time after atropine in, 98 
Sinoatrial node and atropine, 28 1 
Sinus nodal artery in Marfan's syndrome, 315 
Sinus nodal dysfunction, pharmacologic therapy in, 98 
Sinus node in transplanted and denervated human heart, 859 
Sinus echo zones and normal sinoatrial conduction, 445 
Skeletal injury and MB creatine phosphokinase, 433 
Socialized medicine, cardiology in, 560 
Spironolactone in normoreninemic essential hypertension, 7 16 
Stellate stimulation and ventricular fibrillation during coronary occlu- 
sion, 45 
Stellectomy and ventricular fibrillation during coronary occlusion, 45 
“Stiff heart" syndrome, 438 
Straight back 
in idiopathic mitral valve prolapse, 32 
in systolic click-late systolic murmur ^yndrome, 27 
Stress management training and type ;. behavior, 269 
S-T segment 
after coronary occlusion and reperfusion, 225 
depression 
and S wave amplitude, 270 
in exercise tests of women, 169 
during angina, 723 
epicardial changes in, after coronary reperfusion, 218 
in left main coronary artery disease, 135 
mapping, epicardial, after coronary reperfusion, 218 
Subaortic stenosis, idiopathic hypertrophic, retrograde left atrial 
catheterization in, 62 
. Supernormal phase of ventricular excitability, 292 
Surgery 
atrioventricular block within His bundle induced by, 914 
cardiac, ICHD report on optimal resources for, 836 
. coronary bypass 
after acute myocardial infarction, 395 
and ''angina-producing' myocardial segment, 723 
and coronary cóllateral circulation, 734 
contraindicated in familial type Il hyperbetalipoproteinemia, 509 
disappearance of abnormal Q waves after, 889 
for coronary artery disease and pseudoxanthoma elasticum in 
18 year old girl, 515 
for ischemic heart disease, 496 
for left main coronary artery disease, 136 
for variant angina pectoris, 142 
in patients over 70 years of age, 342 


Surgery è 
native coronary arteries after, 748 
selection of patients for, 163 : 
sheep carotid arterial heterografts for, 823 
vectorcardiography after, 163 
experimental, of the cardiac orifices, Carrel and Tuffier on, 954 
for coarctation of aorta in infants, 489 
for coronary artery disease 
life units in evaluation of, 120 
selection of patients for, 225 
for Holt-Oram syndrome with ostium primum and secundum atrial 
septal defects, 967 
for intrapericardial bronchogenic cyst, 817 
for left ventricular fibroma, 262 
for Marfan's syndrome, 338 
for myocardial ischemia and coronary reperfusion, 218, 244, 252 
for obstructive lesions of right heart chambers in infants less than 
30 days old, 479 
for tricuspid atresia, 327 
for tumor in left ventricle, 957 
noncardiac, and MB creatine phosphokinase, 433 
open heart, acupuncture anesthesia for, 411 
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For over 22 years, Peritrate* has been 
considered by many physicians as one 
of the top defensive measures for 
patients with angina pectoris, In many 
patients Peritrate used prophylactically 
helps decrease the frequency and sever- 
ity of angina attacks" With minimal 

side effects. D 


Peritrate can also help reduce nitro- 
glycerin requirements and, therefore, 
nitroglycerin side effects, Is it any 
wonder so many physicians continue to 
prefer Peritrate prophylaxis for their 
angina patients? 
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effective for this indication. 
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patterns. Excellent tables and illustra- 
tions are included. 


By Ary Louis Goldberger, M.D.; foreword by 
Lawrence S. Cohen, M.D. September, 1975. 
218 pages plus FM I-XIV, 634" x 934", 1,179 
illustrations in 95 figures. Price, $19.75. 





An important book for patient education: 


New 3rd Edition! 


THE HUMAN 
HEART: 
A Guide to Heart Disease 


This practical guide details essential facts 
about the heart: how it works, what makes 
it beat, what that beat accomplishes. It 
explains primary heart diseases, their 
causes (if known), effects upon the heart, 
what medical science can do to manage or 
cure them, and what the patient can do. 

By Brendan Phibbs, M.D., F.A.C.P., F.A.C.C.; 
with 5 contributors. July, 1975. 280 pages 


plus FM I-XIV, 612" x 912", 180 illustrations. 
Price, $7.50. 


MOSBY 


TIMES MIRROR 


THE C. V. MOSBY COMPANY 
11830 WESTLINE INDUSTRIAL DRIVE 
ST. LOUIS, MISSOURI 63141 
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Stimulation Technology, Inc. 


introduces the 3821T 
implantable cardiac pacemaker 





produced and distributed 
in the United States under 
license from Devices,Ltd. 
— for more than a decade 
one of the world’s leading 
developers of cardiac 
pacemakers: first with 
hermetically sealed hybrid 
pacemaker circuitry 





Replacement Credit Warranty: Five Years 


— and that tells you how we feel about 
the reliability and longevity of the 3821T 
implantable cardiac pacemaker 


ma 


p" 





Percent of Functioning Units 


The 3821T specifications: 


demand pacemaker length 7.3 cm 
width 4.7 cm 
thickness 2.3 cm 
weight 130 gm 
basic rate 71 + 4 ppm 
hysteresis rate 60 ppm nominal 
interference rate 105 ppm nominal 
reed switch 
operated rate 105 ppm nominal 


(Rates given apply to implanted (37° C) 
operation at normal battery voltage; exact rates, 
at room temperature, are shown on 
registration and information form enclosed 
with each pulse generator.) 


features of the 3821T 


unipolar 

hybrid micro circuit construction 
battery depletion warning circuit 
unique interference handling capability 
hermetically sealed electronics 

small size 

lightweight 





Actual Size 


Pacemaker Battery -- Projected Longevity * 
100 





Implant Duration (Months) 
| — Standard Electrode (18 sq. mm.) 


* These longevity projections are based on | — — Micro Electrode (8 - 12 sq. mm.) 
theoretical calculations for the pulse generator 
battery life only and do not account for 
pacemaker malfunction due to random 
component failure or events which have no 
relationship to time. The results therefore 
may not represent actual pacemaker longevity. 
The above projections are made on the basis 
of chemical capacities, self-discharge rates, 
and current drains measured using standard 
and micro electrodes, and no inhibition. 
Calculations include empirical data and 
extrapolations based upon actual battery life 
experience, projections from improvements 
in the new double separator cell and effects 
of one year pulse generator storage prior 
to implant. 








STIM TECH. 


Caution: U.S. federal law restricts this device For information and/or service contact: 
to sale by or on the order of a physician. : i 

Stimulation Technology, Inc. 

9440 Science Center Drive 

Minneapolis, Minnesota 55428 








The patient with 
cardiac arrhythmia 
may need 
medication most 
when he’s 

least likely to take it... 


while he's sleeping. 


Quinaglute* Dura-Tabs* (quinidine gluconate) 




















* produces sustained serum quinidine levels, thus 
providing a convenient 8 or 12 hour dosage schedule 

* usually insures uninterrupted therapeutic quinidine 
gluconate levels during sleep 

* avoids peaks and vallevs in plasma levels during 
which time the arrhy thmias may recur 

* maintains normal sinus rhy thm followi ing conversion 
by other techniques 

* well tolerated to enhance patient cooperation — 

few G.I. disturbances 


Quinaglute 








Dura-Tabs 


Contraindications: Quinaglute Dura-Tabs are contraindicated in patients 
with partial A-V or complete heart block, or intraventricular conduction 
defects, especially those exhibiting a marked grade of QRS wideníng; 
in patients manifesting idiosyncrasy or sensitivity to quinidine (e.g. 
febrile reactions, skin eruptions, thrombocytopenia, etc.), in patients 
with renal disease resulting in significant azotemia, or those developing 
cardiotoxic effects such as conduction defects; ventricular premature 
beats, ventricular tachycardia or flutter while on the drug. It may be 
contraindicated in certain patients who have marked cardiac enlarge- 
ment, particularly with congestive failure, poor renal function, and 
especially renal tubular acidosis. 

Precautions: The precautions to be observed include all those applicable 
to quinidine. A preliminary test dose of a single tablet of quinidine 
sulfate should be administered to determine if the patient has an idio- 
syncrasy to quinidine. Hypersensitivity to quinidine, although rare, 
should constantly be considered; especially during the first weeks of 
therapy. 

Signs of idiosyncrasy include febrile reactions, skin eruptions, throm- 
bocytopenic purpura, and respiratory embarrassment. Extreme caution 
should be exercised in using the drug in patients with severe heart 
disease and congestive heart failure, with digitalis intoxication, or renal 
insufficiency. It should be administered .cautiously, if at all, to senile 
patients. Hospitalization for close clinical observations, electrocardio- 
graphic monitoring, and possibly plasma quinidine levels, is indicated 
when large doses are used, or with patients who present an increased 
risk. 

As with all quinidine preparations, the titrating of the exact quinidine 
dosage will vary with each individual patient. With the dosage regimen 
of 2 tablets every 8 hours, higher blood levels than necessary for main- 
tenance of normal sinus rhythm could be reached, whereas with 1 tablet 
every 12 hours, the blood levels may be too low to maintain normal 
sinus rhythm. 

As with other quinidine products, Quinaglute Dura-Tabs should not 

be used during pregnancy. 
Adverse Reactions: The patient should be advised to report immediately 
to the physician any symptoms of cinchonism (including tinnitus, de- 
creased auditory acuity, vertigo, blurred vision, color perception dis- 
turbances, photophobia, diplopia, night blindness, scotomata, reduced 
visual fields, mydriasis and respiratory distress). 

Where such symptoms develop, or if evidence of hypotension appears, 
the drug should be discontinued. Gastrointestinal disturbances have only 
rarely been reported. |f they occur, they may be minimized by admin- 
istering the drug with food. If they persist, dosage should be decreased. 
Dosage: For the prevention of premature atrial, nodal or ventricular con- 
tractions, the dose usually ranges from 1 to 2 tablets every 8 or 12 hours. 

Before prescribing or administering, please refer to QUINAGLUTE full 
product information. 


Laboratories, Inc. 
Wayne, New Jersey 07470 





(quinidine gluconate) 5 gr. (033 Gm.) 
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Identifying your patient at risk 
of thromboembolic complications 


While every MI patient is not a candidate for oral anti- 
coagulation therapy, a history of previous infarct or 
angina, persistent atrial fibrillation or congestive fail- 
ure, severe hypotension or shock or serious ar- 
rhythmia may increase risk of thromboembolic 
complications. 

In addition, certain procedures often place your 
Surgical patient, particularly if he’s over 40 years of 
age, in the high risk category—cup arthroplasty or 
pelvic surgery, heart valve replacement, reparative 
vascular surgery. 

Your geriatfi&patient, too, is at high risk of throm- 
boembolism f he's suffered a fracture—especially 
of the hip, pelvig or a lower extremity—or if his history 
includes venous insufficiency. 

For any of these individuals, obesity, previous 
episodes of venous thrombosis or pulmonary em- 
bolism afd a future including prolonged bed rest all 
incree&e the risk of thromboembolic complications, 
and make him a candidate for oral anticoagulation. 


COUMADIN” is an Endo U.S. registered trademark. 






Laboratory monitoring 


For every patient receiving COUMADIN® (crystalline 
sodium warfarin), frequent laboratory monitoring is a 
key to effective therapy. Determine prothrombin time 
daily until results stabilize in the therapeutic range 
—1¥2 to 2V» times normal. Individualize dosage and 
administration as indicated by prothrombin time re- 
Sults. Determine subsequent prothrombin times pe- 
riodically throughout the course of therapy. 


Educating your patient 


Because a patient is generally more reliable if he 
understands his condition and his medication, he 
should be made aware of the factors that may influ- 
ence his prothrombin time and, therefore, his re- 
sponse to COUMADIN®—dietary change, travel, 
other medication, change in physical condition and 
abrupt environmental change. What's more, he 
should know the importance of regularly taking the 
exact dosage of COUMADIN® prescribed and of 
keeping every appointment with you and with the 
laboratory. 
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‘Therapeutic inopes 
put into practice 
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INDICATIONS Based on a review of this drug by the National Academy of Sciences- National 
Research Council and/or other information, FDA has classified the indications as follows: 


Effective: COUMADIN* is indicated for the prophylaxis and treatment of venous thrombosis and 
its extension, the treatment of atrial fibrillation with embolization, the prophylaxis and treatment 


of pulmonary embolism, and as an adjunct in the treatment of coronary occlusion. 
“Possibly” effective: as an adjunct in the treatment of transient cerebral ischemic attacks. 
Final classification of the less-than-effective indication requires further investigation. 





CONTRAINDICATIONS Anticoagulation is contraindicated in any localized or general physical condition or 
personal circumstance in which the hazard of hemorrhage might be greater than its potential clinical 
benefits, such as: 


Hemorrhagic tendencies or blood dyscrasias. Recent or contemplated surgery of: (1) central nervous 
system; (2) eye; (3) traumatic surgery resulting in large open surfaces. Bleeding tendencies associated 
with active ulceration or overt bleeding of: (1) gastrointestinal, genitourinary or respiratory tracts; (2) 
cerebrovascular hemorrhage; (3) aneurysms-cerebral, dissecting aorta; (4) pericardial effusions; (5) 
subacute bacterial endocarditis. Threatened abortion, eclampsia and preeclampsia. Inadequate labora- 
tory facilities or unsupervised senility, alcoholism, psychosis; or lack of patient cooperation. Miscella- 
neous: polyarthritis, vitamin C deficiency, major regional and lumbar block anesthesia. 


WARNINGS Sodium warfarin is a potent drug with a half-life of 2 days; therefore its effects may become 
more pronounced as daily maintenance doses overlap. It cannot be emphasized too strongly that treatment 
of each patient is a highly individualized matter. Dosage should be controlled by periodic determinations of 
prothrombin time or other suitable coagulation tests. Determinations of whole blood clotting and bleeding 
times are not effective measures for control of therapy. Heparin prolongs the one-stage prothrombin time. 
Therefore, to obtain a valid prothrombin time when heparin and COUMADIN® are given together, a period 
of 4 to 5 hours should elapse after the last intravenous dose and 12 to 24 hours after the last subcutaneous 
dose of heparin, before blood is drawn. 


Caution should be observed when sodium warfarin is administered in any situation or physical condition 
where added risk of hemorrhage is present. 


Administration of anticoagulants in the following conditions will be based upon clinical judgment in which 
the risks of anticoagulant therapy are weighed against the risk of thrombosis or embolization in untreated 
cases. The following may be associated with these increased risks: 


Pregnancy- COUMADIN” passes through the placental barrier, and the danger of hemorrhage to the fetus 
exists even to the point of fatal hemorrhage in utero, even in the accepted therapeutic range of maternal 
prothrombin level. Close observation and laboratory control are essential. The newborn may be particularly 
sensitive to sodium warfarin. There have been reports of birth malformations in children born to mothers 
who have been treated with warfarin during the first trimester of pregnancy. Whether warfarin was in fact 
the responsible agent has not been established. Therefore, women of childbearing potential who are can- 
didates for anticoagulant therapy should be carefully evaluated and the indications critically reviewed. If 
COUMADIN* must be used during pregnancy, or if the patient becomes pregnant while taking this drug. 
the patient should be apprised of the potential risks to the fetus, and the possibility of termination of the 
pregnancy should be discussed in light of those risks. Lactation -coumarins may pass into the milk of 
mothers and cause a prothrombinopenic state in the nursing infant. Prolonged dietary deficiency 
(cachexia, vitamin K). Severe to moderate hepatic or renal insufficiency. Infectious diseases or distur- 
bances of intestinal flora-sprue, antibiotic therapy. Trauma which may result in internal bleeding. 
Surgery or trauma resulting in large exposed raw surfaces. Indwelling catheters. Spinal puncture. Severe 
to moderate hypertension. Miscellaneous: polycythemia vera, vasculitis, severe diabetes, menometror- 
rhagia, allergic and anaphylactic disorders. 


Patients with congestive heart failure may become more sensitive to COUMADIN® , thereby requiring more 
frequent laboratory monitoring, and reduced doses of COUMADIN" . 


Abrupt cessation of anticoagulant therapy is not generally recommended; taper dose gradually over three to 
four weeks. 


PRECAUTIONS Periodic determination of prothrombin time or other suitable coagulation test is essen- 
tial. 


Numerous factors, alone or in combination, including travel, changes in diet, environment, physical 
state and medication may influence response of the patient to anticoagulants. It is generally good prac- 
tice to monitor the patient's response with additional prothrombin time determinations in the period 
immediately after discharge from the hospital, and whenever other medications are initiated, discon- 
tinued or taken haphazardly. The following factors are listed for your reference; however, other factors 
may also affect the prothrombin response. 


The following factors, alone or in combination, may be responsible for increased prothrombin time 
response: 


ENDOGENOUS FACTORS: Carcinoma; collagen disease; congestive heart failure; diarrhea; elevated temper- 
hid hepatic disorders—infectious hepatitis, jaundice; poor nutritional state; vitamin K deficiency—stea- 
torrhea. 


EXOGENOUS FACTORS. Alcoholt:; allopurinol; aminosalicylic acid; anabolic steroids; antibiotics; brome- 
lains; chloral hydratet; chlorpropamide; chymotrypsin; cinchophen; clofibrate; COUMADIN® overdosage: 

dextran; dextrothyroxine; diazoxide; dietary deficiencies; diureticst; disulfiram; drugs affecting blood ele- 
ments; ethacrynic acid. glucagon; hepatotoxic drugs; indomethacin; inhalation anesthetics; mefenamic 
acid; methylphenidate: monoamine oxidase inhibitors; nalidixic acid; oxyphenbutazone; phenylbutazone: 

phenyramidol; prolonged hot weather; prolonged narcotics; quinidine; quinine; salicylates (in excess of 1 

Gm/day); sulfinpyrazone; sulfonamides, long acting; thyroid drugs; tolbutamide; triclofos sodium; unreli- 
able prothrombin time determinations. 


tincreased and decreased prothrombin time responses have been reported. 
The following factors, alone or in combination, may be responsible for decreased prothrombin time 
response: 


ENDOGENOUS FACTORS: Diabetes mellitus; edema; hereditary resistance to coumarin therapy; hyperlipe- 
mia; hypothyroidism. 


"Present as crystalline sodium warfarin isopropanol clathrate. 


Licensed by Wisconsin Alumni Research Foundation. 
U.S. Pat. No. 3,077,481 (Reissue No. 25,866) 


EXOGENOUS FACTORS: Adrenocortical steroids; alcohol: antacids; antihistamines; barbiturates; chloral 
hydratet; chlordiazepoxide; cholestyramine; COUMADIN® underdosage; diet high in vitamin K (vegetables 
fish, fish oil, onions); diureticst; ethchlorvynol: glutethimide; griseofulvin; haloperidol; meprobamate; oral 
contraceptives; paraldehyde; primidone; rifampin; unreliable prothrombin time determinations; vitamin C. 
fIncreased and decreased prothrombin time responses have been reported. 


A patient may be exposed to a combination of the above factors, some of which may increase and some 
decrease his sensitivity to COUMADIN" . Because the net effect on his prothrombin time response may be 


unpredictable under these circumstances, more frequent laboratory monitoring is advisable. 


Drugs not yet shown to interact or not to interact with coumarins are best regarded with suspicion, anc 
when their administration is started or stopped, the prothrombin time should be determined more ofter 
than usual. 


Coumarins also affect the action of other drugs. Hypoglycemic agents (chlorpropamide and tolbutamide 
and anticonvulsants (diphenylhydantoin and phenobarbital) may accumulate in the body as a result i ne 
ference with either their metabolism or excretion. 


ADVERSE REACTIONS Potential side effects of COUMADIN® (crystalline sodium warfarin) include: — 


1. Minor or major hemorrhage from any tissue or organ-which is an extension of the physiologic aed 0 
prothrombinopenia. The signs and symptoms will vary according to the location and degree or extent of thi 
bleeding. Therefore the possibility of hemorrhage should be considered in evaluating the condition of am 
anticoagulated patient with complaints which do not indicate an obvious diagnosis. Bleeding durin 
anticoagulant therapy does not always correlate with prothrombin activity. (See TREATMENT FOR: OVE 
DOSAGE.) i 


Bleeding which occurs when the prothrombin time is within the therapeutic range didi diagnosti 
investigation since it may unmask a previously unsuspected lesion, e.g. tumor, ulcer etc. : 


. 2. Side effects other than hemorrhage are infrequent and consist of alopecia, urticaria, dermatitis, feve 


nausea, diarrhea, abdominal cramping, a syndrome called ‘purple toes; ' hypersensitivity reactions AN 
extremely rare reaction consisting of hemorrhagic infarction and necrosis of the skin. PES 
DOSAGE AND LABORATORY CONTROL The aim of anticoagulant therapy is to impede the coagulati 
clotting mechanism to such an extent that thrombosis will not occur, but at the same time avoiding su 
extensive impairment as might produce spontaneous bleeding. Effective therapeutic levels with mir 

complications Can best be achieved in cooperative and well- instructed patients, who keep oe 











The administration and dosage of COUMADIN® must be individualized for each patient accordin j to ti i 
particular patient's sensitivity to the drug as indicated by the prothrombin time. The prothro tim 
reflects the depression of vitamin K-dependent factors, namely Factors VII, IX, X and II, the factors affe 
by coumarin anticoagulants. There are several modifications of the Quick one-stage protoiipara ne an 
the physician should become familiar with the specific method used in his laboratory. ^ CN 


Administration of COUMADIN* should be gauged according to prothrombin time determination bya 
able method. The blood prothrombin time should usually be determined daily after the administration of 

initial dose until prothrombin time results stabilize in the therapeutic range. Intervals between subsequen 
prothrombin time determinations should be based upon the physician's judgment of the patient's relia Dit 
and response to warfarin in order to maintain the individual within the therapeutic range. Acceptable. inte 
vals for prothrombin time determinations have usually fallen within the range of one to four weeks. Sati: 
factory levels for maintenance of therapeutic prothrombinopenia are 1¥2 to 2% times the norma 
prothrombin time (e.g. 21 to 35 seconds, with a control of 14 seconds). eR 


Induction—40 to 60 mg for average adult or 20 to 30 my for elderly and/or debilitated patients: for one dos 
only administered orally, intravenously or intramuscularly. 


Maintenance Most patients are satisfactorily maintained at a dose of 2 to 10 mg daily. Flexibility ot dosag 
is provided by breaking scored tablets in half. The individual dose and interval should be gauged by th 
patient's prothrombin response. ue 


Duration of therapy- The duration of therapy in each patient should be individualized. In general, an 
coagulant therapy should be continued until the danger of thrombosis and embolism has passed. f 


Treatment during dentistry and surgery- The management of patients who undergo dental and M 
procedures requires close liaison between attending physicians, surgeons and dentists. Interruptio nh 
anticoagulant therapy may precipitate thromboembolism, and conversely, if anticoagulants are main 

at full doses, some patients may hemorrhage excessively. If it is elected to administer anticoagulants prio 
to, during, or immediately following dental or surgical procedures, it is recommended that the í 
COUMADIN® be adjusted to maintain the prothrombin time at approximately 112 to 2 times the con 
level. The operative site should be sufficiently limited to permit the effective use of local procedures for h 
mostasis including absorbable hemostatic agents, sutures, and pressure dressings if necessary. Unt 
these conditions dental and surgical procedures may be performed without undue risk of hemorrhage. - 


COUMADIN* with Heparin-Since a delay intervenes between the administration of the initial dose and th 
therapeutic prolongation of prothrombin time, it may be advisable in situations of great ph cn 
administer sodium heparin initially along with COUMADIN . The initial dose of heparin and inje 
COUMADIN may be administered together in the same syringe. It should be noted that heparin may af 

the prothrombin time; and therefore, when patients are receiving both heparin and COUMADIN® , hg 
sample for prothrombin time determination should be drawn just prior to the next heparin dosat 
preferably 4 to 5 hours after the last intravenous injection or 12 to 24 hours after the last subcu "n 
injection. ns 2:4 


TREATMENT FOR OVERDOSAGE Excessive prothrombinopenia, with or without bleeding, is weakens 
trolled by discontinuing COUMADIN® (crystalline sodium warfarin), and if necessary, the oral or-paren 
administration of vitamin Kı. The appearance of microscopic hematuria, excessive menstrual bleedin 
melena, petechiae or oozing from nicks made while shaving are early manifestations of p 
binemia beyond a safe and satisfactory level. 


In excessive prothrombinopenia with mild or no bleeding, omission of one or more doses of COUMADIN 
may suffice; and if necessary, small doses of vitamin Ky orally, 2.5 to 10 mg, will usually cor ct 
problem, “| 


If minor bleeding persists, or progresses to frank bleeding, vitamin K: in doses of 5 to 25 mg nay 















parenterally. (Please note recommendations accompanying vitamin K preparations prior to use.) _ RA 
Fresh whole blood transfusions should be considered in cases of severe bleeding or prothrombinopeni 
states unresponsive to vitamin Kı. v: ce 


Resumption of COUMADIN” administration reverses the effect of vitamin Ks, and a therapeutic ^i 
prothrombinemia level can again be obtained. 


SUPPLIED Tablets: COUMADIN* (crystalline sodium warfarin). For oral use, single scored, imprin 
numerically with potency as follows: 2 mg lavender, 2% mg orange, each, 7 Ve mg yellow, ! 
white, 25 mg red. In bottles of 100 and 1000. Also available in HospitalPnit-Nose blister package of m 


Injection: Available as single injection units of amorphous sodium warfarin philized for intravenou 
intramuscular use in a box of 6 units. 50 mg: Unit consists of 1 vial, 50 gg; sodium chloride, 10- m 
thimerosal, 0.2 mg. pH is adjusted with sodium hydroxide, accompanied 2 ml ampu! Sterile Water ft 
Injection. 75 mg: Unit consists of 1 vial, 75 mg; sodium chloride, 15 tng; thimerosal, 0.3 mg. pH i 
adjusted with sodium hydroxide, accompanied by a 3 ml ampul Sterile Water for Injection. 


Sterile Water for Injection contains no antimicrobial or other substance, andit is not suitable for intravasc 
lar injection without first having been made approximately isotonic by the ad of a suitable solute. Us 
only for reconstitution of the lyophilized product. Rev. April, 197 


&ndo Laboratories, Inc. 


Subsidiary of E.l. du Pont de Nemours & Co. (Inc.) 
Garden City, N.Y. 11530 ` 
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HE DATASCOPE M/D2 SYSTEM. 
THE FIRST RESCUE 

SYSTEM AS FLEXIBLE AS THE 
PEOPLE WHO USE IT. 
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^. . Iftheresone thing you can 

-. be sure of in cardiac rescue, it's 

"that ygu can't be sure of anything. 

; Every situation, either in the 
‘hospital or in the field, presents 

®new problems, and requires new 

i- solutions. 

Ci At Datascope, we ve been in 

"emergency medicine since its 

inception. 

Our equipment has faced just 

yabout everything. And from that 

experience we've put together a 

| system that's prepared to face 

anything: the M/D2 System. 

~ . The M/D2 System is built on 

one very simple principle. Every 

instrument in the system must be 

Independent and not compro- 
mused by any other instrument. 

gf. Inkeeping with this philoso- 

Shy, our monitor, our defibrillator 

fand our strip-chart recorder each 

have a separate battery source. 

* One unit never puts a drain on 

LU “another. 

|, Butto see its flexibility, let's 

|! ‘take our system apart, instrument 

! ‘by instrument. 


OUR MONITOR. 


.$ The monitor in the M/D2 
| System nests inside the defibril- 

: fator. You can carry the monitor 
< and defibrillator, use it, and store 
"^it as one unit. 

/ But the monitor pulls out'of 

the M/D2 case and works as a 

«parate unit as well. So it can be 

Mes v right ona patient's stretcher 

in the field. Or put in the most 

* advantageous viewing position at 
i ' the bedside. 


















In addition to being so flex- 
ible, our monitor outperforms any 
monitor in emergency medicine. 

It has a 5-inch scope with a 
8 x 11 cm. viewing area. 





It has a memory which pro- 
vides a bright, non-fade display 
that’s remarkably clear even in 
strong sunlight. 

It has a freeze button which 
lets you stop the ECG for closer 
study. 

Its the only emergency moni- 
tor with a digital heart rate read- 
out. And because the readout is 
an LED display, you can even read 
it in the dark. 


OUR DEFIBRILLATOR. 


Like our monitor, our defib- 
rillator has its own battery-pack. 

Itstheonly defibrillator made 
that gives you a digital energy 
meter. Which displays both stored 
energy and the results of delivered 
energy tests. 





The defibrillator is exception- 
ally safe. A warning tone sounds 
when the selected energy level is 
reached. 

Energy cannot be delivered 
unless the push-button switch 
on each paddle is actuated 
simultaneously. 

The energy within the defib- 
rillatorisautomatically discharged 


whan tha amit ic turned af 





For paramedic use, the MA 
is available completely shielded 
against RF interference across | 
the entire communications ban 


OUR RECORDER. 


Our recorder is flexible as 
well. It’s carried separately and 
powered separately. (For good - 
reason. A recorder powered by 
common battery puts an enormo 
drain on the other instruments i 
the system.) 

Our recorder weights only 
pounds. And when youre using 
our monitor outside the M/D2 
case, our recorder fits right into 
the space the monitor vacated. 
Whichallowseveneasiertranspx 


OUR RAPID CHARGER. 


Although the M/D2 comes 
with a standard battery recharg 
we offer the first rapid rechargn 
unit as part of our system. Our 
Rapid Charger allows you to de 
fibrillate with just 60 seconds of 
recharge. And in just 10 minute: 
it will recharge the defibrillator 
at least 6076 of total capacity. 


THE SYSTEM.IT'S MORE 
THAN ANY OFITS PARTS 


Three independent units. | 
Three independent battery-pac! 
And a Rapid Charger. They wor 
together, or apgf' They give yo 
more ability to redet than any 
single unit ever ofuld. 

For more ifformation on tl 
M/D2 System, wie: Datascopx 
Corp., 580 Winters Xyenue, 
Paramus, N.J. 07652. 


THE DATIASC OP! 
M/TYO .f£ 
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THE WHOLE PAPER 


D Address manuscript to Simon Dack, 
MD, American Journal of Cardiology, 
666 Fifth Ave., New York, NY 10019. 
* Submit two copies of all elements of 
the article: text, references, legends, ta- 
bles and figures. 
. Arrange the paper in this order: (1) 
title page; (2) abstract; (3) text; (4) ref- 
erences; (5) legends; (6) tables; and (7) 
igures. 
A Nümber al pages in above se- 
quence, beginning with title page as 1, 
Abstract as 2, etc. 
* Type all matter: (1) on 8/5 X 11 
opaque white bond paper; (2) in dupli- 
cate; (3) on one side of each sheet only; 
(4) double-space; (5) leave wide mar- 
gins, all four sides. 


THE TITLE PAGE 


e Include first names, degrees and, 
where applicable, FACC for all authors. 
œ Provide a short running title of 3 to 6 
words. 

œ Insert at bottom: name and address 
of institution from which work originated 
plus information about grants. 

e Add at bottom the phrase ‘‘Address 
for reprints: .. .” followed by full name 
and address with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 
words for major articles; 50 to 100 
words for case reports. 

e Add at end of abstract: list of 2 to 6 
‘key words and subjects for indexing. 


THE TEXT 


e Type in duplicate; double-space. 

e Do not use abbreviations such as 
SVC, WPW: wri ut; superior vena 
cava, Wolff-Paridhisoh-White. 

e Abbreviate mi&asurements (mm, kcal 
and the like) as Necommended in the 
Style Manual for Miiological Journals, 
American Instit of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
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tion in text determines the number given 
to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Number the references in order in 
which they are mentioned in text. — 

e Provide concluding page numbers for 
all journal references and specific page 
numbers for all book references. Indi- 
cate all abstracts by the abbreviation 
(abstr). 

e Follow the general arrangement, ab- 
breviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

e Number pages in sequence after last 
page of references. 

e Identify at the end of each legend and 
in alphabetical order all abbreviations in 
the figure described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; double-space. 


e Give each table a number (in roman 
numerals; Table |, Il, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all ab- 
breviations used. 


THE FIGURES 


e Submit 2 glossy prints (not originals) 
of each photo and drawing. : 
ə Please note that art work of pub- 
lished articles will not be returned. 

e Use black ink for all charts (line 
drawings). Make decimals, broken lines, 
etc. strong enough for reproduction. 

e Use arrows to designate special fea- 
tures. 

e Crop photomicrographs to show only 
essential field. 

e Identify figures on back by number 
and author's name. 

e Number figures in order in which they 
are mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from pub- 
lisher and author to reproduce any pre- 
viously published figures. 

e Limit figures to number necessary for 
clarity. The publisher allows a limited 
sum toward reproduction. 





Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 


31. Bellet S, Feinberg LJ, Sandberg H, et al: 
The effects of caffeine on free fatty acids 
and blood coagulation parameters of dogs. J 
Pharmacol Exp Ther 159: 250-254, 1968 


(Author: please note that no periods are used after authors’ initials.) 


For books (edited by other than author of article): 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ: 
Diseases of the tricuspid valve, chap 20. In, 
Heart Disease in Infants, Children and Ado- 
lescents (Moss AJ, Adams F, ed). Baltimore, 
Williams & Wilkins, 1968, p 1X 


For books (with identical author and editor): 


36. Berne E: Principles of Group Treatment, New 
York, Oxford University Press, 1966, p 26 


(Author: all book references should have specific page numbers) 











the heart of your electrocardiograph 








diagnosis is made of paper 


Accurate interpretation of analytical data pre- 
sented by your electrocardiograph and subsequent 
proper diagnosis is manifested by the chart paper. 


If there's a chance the chart paper is lacking in 
quality or accuracy, an inaccurate recording may 
well be the result. 


NASHUA 


CORPORATION 





GUBELMAN CHART DIVISION 


Why take the chance. Specify the paper designed 
and produced expressly for the manufacturer of 
your instrument. The cost of to ssurance 
simply isn't worth the few pennies suDstitytes may 
save. 


This message was prepared in the interg6t of better 
recording instrument performance by 


The Instrument Manufacturers’ Chartm@«er 


100 East Kinney St. - Newark, N.J. 07105 - (201) 589-5970 
3037 East Maria St. - Compton Calif. 90220 - (213) 537-4250 


DALLAS 


3: Dick Eldr 
THE AMERICAN JOURNAL ea aS GAS | 


of CARDIOLOGY 1580 Eastgate Drive. Suite 315 e 
Garland, Texas 75041 ! 


Production Manager: Marty Schlessel 
Telephone: 212-489-5763 ATLANTA 
Reprints Manager: Herbert V. Paureiss, Jr. Robert H. Powell, Jr., 
Telephone: 212-489-4683 — 404-633-8296 
Marketing Director: Joseph L. Navitsky PO Box 49087 


Telephone: 212-489-5754 
Advertising Sales Manager: Robert C. Weidner Atlanta, Ga. 30329 
LOS ANGELES 


Telephone: 212-489-5756 
Julius |. Starkman 


—213-386-1852 


ADVERTISING 
520 S. Lafayette Park PI., R 220 
REPRESENTATIVES ie Angeles. Calif. 90057 oom 


NEW YORK 
Robert C. Weidner, SAN FRANCISCO 


—212-489.5756 Scott B. Hubbard 


666 Fifth Avenue —415-981-2594 


New York. N. Y. 10019 582 Market Street 
San Francisco, Calif. 94104 


CHICAGO 
Wyman Carey Member 
— 312-648-5882 American 
222 South Riverside Plaza Business 
Chicago. IIl. 60606 


BLI Sine-Wave Blood Flowmeter 


B 
| 
0 € 
Li 
R 
0 
N 
I 
X 
L 
A 
B 
0 
R 
À 
T 
0 
R 
Y 


BL-61:3 with 


ELECTRONIC 
ZERO 


Biotronex Laboratory, Inc. 4 
9153 Brookville Road € Silver Spring, Maryland 20910 e Phone: 301/588-6400 





f 1 

W Year after year Cardiologists To achieve and maintain such If you would like to know 

} throughout the world specify the clear-cut leadership, SKI provides more about the Ekoline 20. call 
Ekoline 20" more Often than all Superior instrumentation and Or write Smith Kline | nstruments. 
other ultrasonoscopes combined. unSurpassed product support, Inc., Dept. U, 880 W Maude Ave.. 

| And in 9 out of 10 published including a clinically trained sales Sunnyvale, Ca 94086. 

& echocardiographic Studies, the — staff. a top technical staff, and SI<I (408) 732-6000. 
Ekoline 20 is the instrument used. worldwide service centers. A Subsidiary of SmithKline Corporation 


Number One 
for ten straight years. 


Y 
pis PLA" wN 





In this age of synthetics 
you can choose a natural vegetable laxative * 


; tablet : 
Senokot **: 


granules : 
(standardized senna concentrate) 


"^ 
, 


. 


















Natural senna from the BS 
Cassia acutifolia plant has been 
used as a laxative for over 3000 
years. Purified and standardized for 
uniform action in SENOKOT prep- 
arations, it offers virtually colon- 
specific, gentle, predictable over- 
night laxation...virually free offs 
side effects when given at 
proper dosage levels. Ey 


one 
A 

A 
a^ a. 


m 
fives 


H 


Tham 
in aa 


Dd 


s -e ee 
"UT | 
v | 

A . 


Aa 





mm 


Py 
R 







Artisl's conception of a Cassia acutifolia piant. 


PURDUE FREDERICK 


S COPYRIGHT 1975, THE PUROUE FREDERICK COMPANY 









NORWALK, CONN. 06856 A7054 160775 





MÀ 


So” i 


of” 


